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PREFACE 


During  a  decade  of  pharmaceutical  teaching,  both  at  the  Cleve- 
land School  of  Pharmacy  and  by  correspondence,  the  instruction  given 
by  the  writer  has  developed  into  the  material  found  in  this  book. 

The  subject  of  pharmacy  as  understood  by  the  writer  consists  of 
the  practical  application  of  the  sciences  of  physics  and  chemistry  to 
medicines  and  their  preparations,  as  well  as  sufficient  botany  to  ap- 
preciate the  character  of  those  vegetable  drugs  entering  into  pharma- 
ceutical preparations.  As  far  as  botany  is  concerned,  the  application 
of  that  science  to  medicine  consists  in  that  distinct  study,  materia 
medica,  but  of  greater  difficulty  is  an  attempt  to  study  the  pharmacy 
of  chemicals,  both  inorganic  and  organic,  without  at  least  some  ex- 
planation of  the  principles  underlying  the  science  of  chemistry.  This 
explains  the  brief  Introductory  Chapters  to  Parts  III.  and  IV.,  which 
students  have  found  of  value  as  an  adjunct  to  their  instruction  in 
pure  chemistry. 

While  not  desiring  to  hamper  instruction  by  artificial  limitations, 
the  entire  subject  of  pharmacy  is  so  vast  that  some  gleaning  of  essen- 
tials from  those  substances  of  minor  importance  appeals  to  the  teacher 
as  imperative,  and  we  are  fortunate  in  having  a  means  of  elimination 
in  the  use  of  our  national  standard,  the  United  States  Pharmacopoeia. 
Of  course  no  pharmaceutical  instruction  would  prove  sufficient  were 
all  unofficial  drugs  excluded,  but  the  existence  of  a  pharmacopoeia 
makes  it  possible  to  use  that  work  as  the  basis  of  instruction,  and 
in  drilling  the  student  in  official  substances  ample  opportunity  is 
afforded  to  refer  to  those  unofficials  suggested  by  the  pharmacopceial 
preparation  under  consideration. 

The  frank  intention  of  this  book  is  to  explain  the  pharmacopoeia 
from  its  pharmaceutical  standpoint,  and  if  that  standard  says  that  a 
certain  chemical  is  "dextrogyrate  ketone,"  or  that  a  certain  drug  is  a 
"sclerotium,"  the  writer  believes  that  the  average  student  should  be 
able  to  learn  what  such  terms  mean  without  having  to  search  through 
a  dozen  books. 

At  the  same  time,  however,  the  book  disclaims  all  attempt  to  be  a 
text-book  in  chemistry  or  botany,  and  in  the  bibliographical  ac- 
knowledgements given  at  the  end  of  this  Preface  there  is  furnished  a 
list  of  complete  and  reliable  text-books  in  the  various^  sciences  which 
go  to  make  up  pharmacy. 

The  book  consists  of  seven  parts: 

Part   I.    deals  with   pharmaceutical   processes   and   a  striking 

feature  is  the  discussion  of  the  arithmetic  of  pharmacy. 
Part  II.  deals  with  the  galenical  preparations  of  the  pharma- 
copoeia and  those  unofficials  worthy  of  notice.  It  will  be 
noticed  that,  wherever  possible,  these  preparations  are  grouped 
around  a  typical  pharmacopceial  recipe,  thus  avoiding  repeti- 
tion. 
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Part  III.  deals  with  the  inorganic  chemicals  used  in  pharmacy, 
has  an  introductory  chapter  on  chemical  theories,  and  dis- 
cusses chemical  arithmetic  very  fully. 

Part  IV.  discusses  the  organic  chemicals  used  in  pharmacy,  and 
that  according  to  the  most  modern  classification.  Like  Part 
III.,  it  begins  with  an  introductory  chapter  on  the  theory  of 
the  class  of  chemicals  discussed. 

Part  V.  is  devoted  to  chemical  testing,  and  presents  a  systematic 
grouping  of  all  the  tests  of  the  pharmacopoeia,  a  feature  not 
found  in  any  other  book. 

Part  VI.  takes  up  ^he  prescription  from  the  time  it  is  written  to 
the  time  it  is  dispensed. 

Part  VII.  gives  the  laboratory  work  which  has  been  followed 
with  much  success  by  the  students  of  the  Cleveland  School  of 
Pharmacy.  A  notable  feature  of  this  part  is  the  exercise  in 
equation  writing  and  in  chemical  arithmetic  that  the  work 
affords. 
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PHARMACEUTIC  OPERATIONS 


CHAPTER  I 
PHARMACOPOEIAS 

The  study  of  pharmacy  means  the  study  of  the  theories  and  exercise 
of  the  operations  necessary  to  the  intelligent  preparing  and  dispensing 
of  substances  used  in  the  healing  art.  The  two  Greek  words  designat- 
ing this  idea  were  pharmacon,  "a.  drug,  a  medicine,  remedy,  a  potion, 
charm,  spell,"  and  apotheke,  "a  repository;  a  storehouse."  The  first 
of  these  roots  has  been  anglicized  into  such  words  as  pharmacy,  the 
art  of  preparing,  preserving,  compounding,  and  dispensing  medicines, 
and  pharmacist,  one  skilled  in  pharmacy;  while  from  the  second  we  get 
into  apothecary,  one  who  practises  pharmacy.  Another  word  derived 
from  the  former  root  is  pharmacopoeia:  pharmacon,  ''medicine," 
and  poiei,  "to  make";  literally,  "the  making  of  medicines,"  but 
now  used  to  designate  a  book  of  medical  recipes  prepared  or  approved 
by  the  government  of  the  country  where  published.  The  history  of 
pharmacopoeia  means  the  history  of  pharmacy,  for  as  pharmacopoeias 
evolved  from  crude  handbooks  of  medical  lore  to  the  present  works  of 
high  scientific  value,  even  so  has  the  practice  of  pharmacy  progressed 
from  the  jumbling  of  crude  and  often  disgusting  ingredients,  of  which 
the  manipulator  knew  but  little,  to  the  modern  blending  of  carefully 
refined  constituents,  of  which  the  operator  knows  not  only  the  past 
history,  but  also  the  future  action,  both  chemic  and  therapeutic. 

The  earliest  works  answering  to  a  pharmacopoeia  are  Egyptian 
papyri,  such  as  Papyrus  No.  37  of  the  Berlin  Museum,  which  is  a 
fragment  from  b.  c.  1700,  and  from  its  historic  references  seems  to  be 
a  copy  of  a  manuscript  of  b.  c.  4000.  In  it  five  forms  of  medicine — 
ointments,  liniments,  poultices,  clysters,  and  potions — are  mentioned. 
The  famous  Eber  Papyrus,  while  of  later  date  (b.  c.  1552),  is  peculiarly 
valuable  because  of  its  completeness.  In  it  mention  is  made  of  such 
drugs  as  calamus  and  myrrh,  salt  and  sodium  carbonate,  while  its  list 
of  preparations  includes  all  given  in  Papyrus  No.  37,  among  others, 
pills,  mixtures,  and  decoctions. 

Passing  down  to  classic  times,  we  find  many  medical  works  written 
by  individuals  which  may  be  classed  among  the  pharmacopoeias,  such 
as  books  of  Hippocrates  (b.  c.  460-377),  Dioscorides  (either  first  or 
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second  century  of  the  Christian  era),  and  Galen  (a.  d.  131-201).  These 
books  were  considered  as  standards  by  physicians  for  many  centuries, 
scarcely  being  replaced  until  the  appearance  of  the  works  of  Paracelsus 
and  of  other  medieval  writers.  Among  the  medieval  works  of  medicine 
worthy  of  special  note  mention  should  be  made  of  the  "  Ricettario, " 
published  by  the  College  of  Medicine  of  Florence  (1498),  and  the  "Phar- 
macorum  Omnium"  of  Valerius  Cordus  (1546).  The  latter  work, 
published  by  the  city  of  Nuremburg  after  the  death  of  the  writer,  began 
a  series  of  municipal  pharmacopoeias,  such  as  those  of  London  (1618), 
Paris  (1639),  Edinburgh  (1699),  which  answered  the  requirements  of 
the  age  of  municipal  isolation,  but  as  means  of  transportation  improved 
and  people  traveled  freely  to  and  fro,  it  was  found  that  the  difference 
in  pharmacopoeias  was  productive  of  confusion;  that,  for  instance, 
a  traveler  from  Nuremburg  having  his  prescription  compounded  in 
Frankfort  was  in  danger  of  an  excessive  dose  of  a  potent  preparation, 
there  being  no  uniformity  in  the  preparations  of  the  different  municipal 
pharmacopoeias.  Accordingly,  a  demand  for  national  pharmacopoeias 
grew,  and  the  first  to  appear  was  the  Codex  Medicamentarius,  published 
by  the  French  government  in  1818,  the  successor  of  the  Paris  Pharma- 
copoeia, with  its  authority  extended  through  all  of  France. 

The  next  national  pharmacopoeia  was  that  of  the  United  States, 
published  in  1821.  The  merging  of  the  pharmacopoeias  of  London, 
Edinburgh,  and  Dublin  into  the  British  Pharmacopoeia  did  not  occur 
until  1864,  while  in  Germany  the  municipal  pharmacopoeias  were 
replaced  first  by  those  of  the  States  of  Germany  (Prussia,  Hanover, 
Saxony,  etc.),  and  these  merged  into  the  national  authority  in  1872. 

At  the  present  time  there  are  some  twenty  national  pharmacopoeias 
in  force,  including  those  of  every  country  of  Europe  (save  some  of  the 
Balkan  States  and  Turkey) ,  the  United  States,  Chili,  and  Mexico  repre- 
senting Latin  America,  and  Japan  representing  Asia.  Canada  and 
other  colonies  of  England  use  the  British  Pharmacopoeia. 

Even  as  the  municipal  pharmacopoeias  of  preceding  centuries  caused 
confusion  as  the  means  of  communication  improved,  to-day,  when  it  is 
easier  to  travel  from  New  York  to  Berlin  than  it  was  to  go  from  Munich 
to  Berlin  a  hundred  years  since,  we  are  confronted  by  the  confusion  of 
the  several  national  pharmacopoeias.  Thus  every  year  thousands  of 
Americans  travel  abroad,  taking  with  them  the  prescriptions  of  their 
American  physicians,  and  if  the  prescription  calls  for  a  tincture,  it  is 
quite  likely  that  the  tincture  dispensed  in  good  faith  by  the  French 
pharmacist  may  be  of  entirely  different  strength  from  the  American 
preparation,  because  made  according  to  the  French  Codex.  A  most 
startling  example  of  this  kind  is  afforded  by  that  potent  preparation, 
tincture  of  aconite  root.  The  United  States  Pharmacopoeia  of  1890 
directed  that  100  Cc.  represent  the  active  strength  of  35  Gm.  of  drug 
(35  per  cent.) ;  the  tincture  of  the  German  Pharmacopoeia  is  but  10  per 
cent.;  the  French  Codex  directs  it  to  be  20  per  cent.,  while  the  strength 
of  the  British  is  12  per  cent.  It  is  self-evident  what  dangerous  results 
might  ensue  if  an  American  pharmacist  should  dispense  the  tincture  of 
the  United  States  Pharmacopoeia  on  a  prescription  written  by  a  Ger- 
man physician;  hence  it  is  the  duty  of  every  druggist  to  acquaint  him- 
self with  these  diversities  in  strength,  which  he  can  easily  do  by  refer- 
ence to  the  two  dispensatories — the  United  States  and  the  National. 
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This  diversity  of  strength  has  called  forth  a  demand  for  an  inter- 
national pharmacopceia,  including  at  least  preparations  of  all  the 
potent  drugs,  so  that  one  strength — say  of  tincture  of  aconite — be 
authorized  by  all  the  national  pharmacopoeias,  and  thus  the  same 
preparation  be  dispensed  at  all  pharmacies  in  the  world.  This  ques- 
tion was  discussed  at  the  first  international  pharmaceutic  conference  held 
in  Brunswick  in  1865,  and  has  been  brought  up  at  every  subsequent 
conference  (Paris,  1867;  Vienna,  1869;  St.  Petersburg,  1874;  London, 
1881;  Brussels,  1885;  Chicago,  1893;  Brussels,  1897;  Paris,  1900),  but 
httle  progress  in  that  direction  has  been  accomplished.  One  of  the 
first  practical  moves  beyond  the  stereotyped  resolutions  and  preliminary 
drafts  was  the  action  in  1893  of  the  American  Pharmaceutical  Associa- 
tion in  donating  $1000  to  the  international  conference  for  defraying 
the  expenses  of  compiling,  publishing,  and  distributing  such  a  work, 
and,  lastly,  in  1902  a  conference  of  delegates  appointed  by  the  States 
of  Europe  and  by  the  United  States  met  in  Brussels  and  decided  upon 
a  list  of  forty-three  drugs  and  preparations  which  they  recommended 
to  the  pharmacopoeial  commissions  of  all  the  countries  of  the  world 
for  adoption  in  the  next  edition  of  the  pharmacopceia  of  each  country. 

Thus,  among  others,  was  the  recommendation  that  tincture  of 
aconite  and  tincture  of  other  potent  remedies  be  placed  at  a  uniform 
strength  of  10  per  cent,  in  all  the  pharmacopoeias  of  the  world.  Another 
recommendation  was  that  syrup  of  ferrous  iodide  be  made  so  as  to 
contain  5  per  cent,  of  ferrous  iodide. 

The  committee  preparing  the  new  pharmacopceia  of  the  United 
States  embodied  in  that  standard  most  of  the  forty-three  recommen- 
dations, and  the  same  step  has  just  been  taken  by  those  intrusted  with 
the  preparation  of  the  Swiss  Pharmacopoeia,  and  it  is  confidently  hoped 
that  all  other  national  pharmacopoeial  commissions  will  do  likewise, 
thus  making  preparations  of  potent  remedies  the  same  strength  the 
world  over. 

Turning  to  our  own  standard,  the  Pharmacopoeia  of  the  United 
States,  this  important  work  was  inaugurated  by  Dr.  Lyman  Spaulding 
of  New  York,  who  in  1817  started  the  movement  by  suggesting  that 
the  country  be  divided  into  four  districts,  and  all  medical  colleges 
and  medical  societies  in  each  district  be  invited  to  send  delegates  to  a 
district  convention  which  should  form  an  outline  of  a  pharmacopoeia. 
Each  convention,  in  turn,  should  send  delegates  to  a  national  conven- 
tion which  was,  indeed,  held  at  the  capitol  in  Washington  on  January 
1,  1820.  At  this  convention  two  drafts  of  prospective  pharmacopoeias 
were  submitted,  and  these  were  compared,  consolidated,  and  revised 
in  convention  and  ordered  published,  and  in  the  following  December 
there  appeared  the  first  pharmacopoeia  of  the  United  States.  The 
convention  of  1820  arranged  that  a  revision  should  occur  in  1830,  by 
ordering  the  four  districts  to  elect  and  send  three  delegates  each  to  a 
convention  to  be  held  in  Washington  on  January  1,  1830.  The  method 
of  election  of  these  delegates  resulted  in  a  misunderstanding  and  the 
holding  of  two  conventions  and  publishing  of  two  pharmacopoeias; 
the  officers  of  the  convention  of  1820  holding  a  poorly  attended  meeting 
at  New  York.  The  discontents  held  a  convention  at  Washington,  at 
which  the  surgeon  of  the  army  and  the  senior  surgeon  of  the  navy  were 
present,  thus  giving  indirect  governmental  authority  to  the  pharma- 
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copoeia  so  issued.  Another  important  step  was  the  intrusting  of  the 
publication  of  the  revised  pharmacopoeia  to  a  committee  of  revision 
of  seventeen  members  rather  than  preparing  a  hurried  work  on  the  floor 
of  the  convention.     This  pharmacopoeia  appeared  in  1831. 

The  convention  of  1840  was  arranged  by  the  Washington  convention 
of  1830  on  lines  followed  to  this  day.  Every  incorporated  medical 
society  and  medical  college  was  invited  to  send  three  delegates  to  the 
convention,  which  met  the  first  Monday  in  January. 

Twenty  delegates  were  present,  and  a  committee  of  revision  of  seven 
members  was  elected.  This  committee  was  authorized  to  ask  the 
cooperation  of  the  pharmacy  colleges  in  the  work  of  revision,  and, 
furthermore,  the  convention  directed  the  presiding  officer  to  invite  the 
colleges  of  pharmacy  to  send  delegates  to  the  1850  convention,  which 
was  called  for  the  first  Monday  in  May.  The  pharmacopoeia  was  issued 
in  1842  and  directed  the  process  of  percolation  for  the  first  time. 

At  the  convention  of  1850  pharmacists  were  present  as  delegates 
for  the  first  time,  and  there  were  thirty  delegates  in  all.  A  committee 
of  four  was  elected  to  revise  the  pharmacopoeia,  and  the  fruit  of  their 
labors  was  published  in  1851.  The  convention  of  1860  was  attended 
by  thirty  delegates,  and  a  committee  of  revision  of  nine  members 
pubUshed  the  pharmacopoeia  in  1863. 

Sixty  delegates  were  present  at  the  convention  of  1870;  a  revision 
committee  of  fifteen  members  was  appointed  and  given  general  instruc- 
tion as  usual,  and  arrangements  were  made  for  the  calling  of  the  con- 
vention of  1880. 

At  this  convention  109  delegates  were  present,  representing  thirty- 
five  medical  bodies  and  eleven  pharmaceutic  bodies.  The  committee 
of  revision  elected  at  that  meeting  consisted  of  eleven  physicians  and 
fourteen  pharmacists.  During  the  preceding  decade,  pharmaceutic  asso- 
ciations have  been  formed  in  practically  all  the  States,  and  accordingly 
the  convention  authorized  the  chairman  to  extend  invitations  to  these 
bodies  as  well  as  to  the  American  Pharmaceutical  Association  to  send 
three  delegates  to  the  convention  of  1890.  Accordingly,  at  that  conven- 
tion fifty  medical  bodies  and  fifty-^nine  pharmaceutic  bodies  were  repre- 
sented by  163  delegates,  who  elected  a  revision  committee  consisting  of 
ten  physicians  and  sixteen  pharmacists.  The  last  pharmacopoeial  con- 
vention was  the  one  held  in  May,  1900,  at  which  fifty-seven  medical 
bodies  and  fifty-nine  pharmaceutic  bodies  were  represented,  and  from 
the  delegates  present  a  revision  committee  of  six  physicians  and  nine- 
teen pharmacists  was  elected.  An  important  step  taken  was  the  per- 
petuation of  the  convention  by  incorporation  under  the  laws  of  the 
District  of  Columbia,  and  intrusting  the  business  management  during 
the  ten-year  interim  between  conventions  to  a  Board  of  Trustees 
which,  as  elected  at  the  convention,  consisted  of  five  practical  pharma- 
cists, the  president  of  the  convention,  and  the  chairman  of  the  com- 
mittee on  revision.  The  next  convention  will  be  held  the  first  Monday 
in  May,  1910. 

To  a  pharmacist  the  study  of  the  history  of  his  pharmacopoeia 
should  be  a  source  of  satisfaction  and  pride,  as  therein  he  will  note  the 
gradually  increasing  influence  of  the  pharmacist  in  the  framing  of  his 
national  pharmacopoeia.  In  1820  the  work  was  done  by  physicians 
only;  in  1900  the  pharmacists  on  the  revision  committee  outnumbered 
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the  physicians  three  to  one.  Moreover,  each  pharmacist  should  appre- 
ciate that  he  can  have  direct  voice  in  saying  who  can  revise  his  phar- 
macopoeia, as  every  reputable  pharmacist  is  eligible  to  membership 
to  his  State  pharmaceutical  association,  and  at  the  meeting  prior  to  the 
convention  an  election  of  delegates  to  the  convention  is  held.  Lastly, 
the  sane  views  of  every  pharmacist  as  to  the  trend  of  revision  are  given 
courteous  attention  by  the  committee  on  revision,  they  publishing 
three  or  four  times  during  the  decade  a  Handbook  of  Criticisms  to  the 
Pharmacopoeia,  compiled  from  articles  in  the  pharmaceutic  press  or 
from  direct  communications.  As  mentioned  in  the  definition  on 
page  17,  a  modern  pharmacopoeia  differs  from  other  books  on  medicine 
by  being  either  published  by  the  government  or  by  receiving  govern- 
mental approval.  In  England  and  in  Germany,  for  example,  the  phar- 
macopoeia is  prepared  by  commissions  appointed  by  the  government. 
In  this  country  the  national  government  has  nothing  to  do  with  the 
pubhcation  of  the  pharmacopoeia,  except  sending  delegates  from  the 
medical  staff  of  the  army,  the  navy,  and  the  marine  hospital  service. 
Moreover,  the  national  government  has  but  little  authority  in  enforcing 
the  provisions  of  the  pharmacopoeia,  to  each  State  being  left  the  internal 
management  of  its  own  affairs.  Hence  the  United  States  Pharmaco- 
poeia has  only  such  legal  power  as  the  several  States  see  fit  to  bestow 
upon  it;  the  sole  extent  of  authorization  of  the  national  government 
being  its  use  in  the  several  governmental  departments,  such  as  in  the 
dispensaries  of  the  army,  navy,  and  marine  hospital  service;  as  the 
standard  for  the  quality  of  the  drugs  entering  the  country  through  the 
custom-houses,  and  as  the  standard  in  enforcing  the  provisions  of  the 
National  Food  Law  as  far  as  drugs  are  concerned. 

In  the  statutes  of  the  several  States  mention  is  usually  made  of  the 
pharmacopoeia  in  the  pharmacy  and  label  laws,  and  the  book  is  taken 
as  the  authority  in  interpretation  of  laws  relating  to  the  purity  of  drugs. 

Any  drug  or  medicine  recognized  by  the  pharmacopoeia  is  said  to 
be  official,  which  term  has  largely  replaced  the  term  officinal,  which 
up  to  ten  years  ago  was  used  to  convey  the  same  idea. 

THE  UNITED  STATES  PHARHACOPCEIA  AS  A  BOOK 

Before  taking  up  the  contents  of  the  pharmacopoeia  as  individual 
drugs,  it  is  well  to  devote  a  short  space  to  the  work  as  a  whole,  and  this 
can  best  be  done  by  copying  in  its  entirety  information  found  in  our 
national  standard  relating  to  three  typical  officials. 

In  the  comparative  table  on  page  22  (a)  is  the  Latin  name,  (6) 
the  English  name,  (cj  the  synonym,  (d)  the  official  definition,  and 
(e)  the  official  description.  In  case  of  preparations,  the  recipe  for 
compounding  is  mostly  given,  as  (d) ,  under  Tinctura  Limonis  Corticis. 

These  several  parts  of  the  pharmacopoeial  reference  to  a  drug  can 
best  be  discussed  in  regular  order. 
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(a) 

(ft) 
ic) 


CHIMAPHILA        SULPHUR  SUBLIMATUM 


(d) 


(e)] 


Chimaphila 

[Pipsissewa] 
The  dried  leaves  of 
Chimaphila  umbellata 
(Linn6)  Nuttall 

(Fam.  Ericaceae). 

Oblanceolate,  2.5 
to  5  cm.  long,  8  to  18 
mm.  broad,  the  up- 
per portion  coarsely 
and  sharply  serrate, 
acute  or  somewhat 
obtuse,  the  lower 
wedge-shaped  and 
nearly  entire;  coria- 
ceous, smooth,  and 
uniformly  dark  green 
on  the  upper  surface, 
paler  beneath,  the 
veins  being  very 
prominent  ;  odor 
slight;  taste  astrin- 
gent and  bitter. 


Sublimed  Salphur 
[Flowers  of  Sulphur] 
S  =  31.83 
It  should  contain  not 
less  than  99  per  cent,  of 
pure  sulphur. 

A  fine,  yellow  powder, 
having  a  slightly  charac- 
teristic odor,  and  a 
faintly  acid  taste. 

Insoluble  in  water; 
readily  soluble  in  carbon 
disulphide;  slightly  solu- 
ble in  absolute  alcohol; 
more  readily  soluble  in 
petroleum  benzin,  ben- 
zene, oil  of  turpentine, 
and  many  other  oils;  also 
in  ether,  chloroform,  and 
in  boiling  aqueous  solu- 
tions of  alkali  hydroxides. 
At  about  115°  C.  (239° 
F.)  it  fuses  to  a  yellow, 
mobile  fluid,  which  upon 
further  heating  becomes 
dark  and  viscid,  until  a 
temperature  above  300° 
C.  (572°  F.)  is  reached, 
when  it  becomes  a  thin 
liquid,  boihng  at  448°  C. 
(838.4°  F.).  In  the  air 
it  burns  to  sulphur  diox- 
ide, characterized  by  its 
odor,  and  by  its  blacken- 
ing a  strip  of  paper  moist- 
ened with  mercurous  ni- 
trate T.S.  held  in  the  gas. 
When  agitated  with 
water,  the  latter  gives  an 
acid  reaction  with  litmus 
paper. 

The  amount  of  residue 
left  after  volatilizing  or 
burning  a  weighed  por- 
tion of  well-dried  sub- 
limed sulphur  should  not 
exceed  0.5  per  cent. 
(/)  Average  Dose. — 2  Gm.  Average  Dose. — 4  Gm. 

(30  grains).  (60  grains). 

The  Latin  name  in  the  United  States  Pharmacopoeia  is  usually  the 
simplest  and  clearest  title  found  among  the  several  Latin  designations 
of  the  drug.  In  this  respect  our  pharmacopoeia  is  a  great  improvement 
over  those  of  most  other  countries,  where  lengthy  Latin  titles  seem  the 
rule.  In  the  pharmacopoeia  of  our  country  but  one  word  is  used  for 
the  Latin  name  whenever  possible;  thus,  it  calls  aconite  "  Aconitum," 
and  not  "  Tubera  Aconiti,"  as  does  the  German  Pharmacopoeia,  there 
being  but  one  part  of  the  aconite  plant  recognized  by  the  United  States 
Pharmacopoeia;  hence  there  is  no  confusion  in  the  single  name.  Of 
course,  one  word  as  the  Latin  name  would  sometimes  lead  to  confusion; 


TINCTURA  LIMONIS 

CORTICIS 
Tincture  of  Lemon  Peel 

[Essence  of  Lemon] 
Lemon  peel, 

from  the  fresh 
fruit,  in  thin 
shavings  and 
cut  into  nar- 
row shreds, 
five  hundred 
grammes 500  Gm. 

Alcohol,  a 
sufficient  quan- 
tity, 

To     make 
one      thousand 

cubic    centime  

ters 1000  Cc. 

Macerate  the  lemon 
peel  in  a  stoppered,  wide- 
mouthed  container,  in  a 
moderately  warm  place, 
with  one  thousand  cubic 
centimeters  of  alcohol  dur- 
ing forty-eight  hours, 
with  frequent  agitation; 
then  filter  through  puri- 
fied cotton,  and,  when 
the  liquid  has  drained 
off  completely,  gradually 
pour  on  enough  alcohol 
to  make  one  thousand 
cubic  centimeters  of  tinc- 
ture, and  filter. 
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thus,  two  parts  of  the  colchicum  plant  are  official — the  root  (or  corm) 
and  the  seed.  The  single  word  colchicum  immediately  gives  rise  to  the 
question,  "which  part  of  colchicum?"  hence,  in  such  cases  to  the  Latin 
word  is  added  the  name  of  the  part,  viz.,  Colchici  Radix  and  Colchici 
Semen.  Again,  as  another  case,  there  are  two  mints  official — the  herbs, 
Mentha  piperita  and  Mentha  viridis  respectively.  To  call  either  Mentha 
would  be  confusing,  hence  the  Latin  titles  of  the  two  are  as  just  given.  In 
choosing  the  Latin  name  of  a  vegetable  drug  the  United  States  Pharma- 
copoeia usually  selects  the  generic  name  (p.  25)  of  the  plant  from 
which  it  is  derived,  one  exception  being  Coca,  the  plant  name  of 
which  is  Erythroxylon  Coca.  Among  the  chemicals,  the  same  sim- 
plicity obtains  in  the  United  States  Pharmacopoeia,  although,  as  it  is 
impossible  to  express  the  idea  of  acids  and  salts  in  less  than  two  words, 
one-word  Latin  names  are  less  frequent.  Lime  is  given  the  Latin  name 
Calx  in  the  United  States  Pharmacopoeia,  against  Calcaria  Usta  of  the 
German  Pharmacopoeia,  but  potassium  iodide  can  be  expressed  in  Latin 
no  more  simply  than  Potassii  lodidum  of  the  United  States  Pharma- 
copoeia. As  in  vegetable  drugs,  there  are  some  cases  where  extra  words 
are  needed  to  avoid  confusion.  Thus,  there  are  three  official  forms  of 
ferrous  sulphate — crystals,  granulated,  and  dried.  In  this  case  the 
crystals  are  called  Ferri  Sulphas,  the  granulated  is  called  Ferri  Sulphas 
Granulatus,  and  the  exsiccated  is  called  Ferri  Sulphas  Exsiccatus.  Like- 
wise, there  are  two  official  mercury  chlorides,  the  comparatively  inno- 
cuous calomel  and  the  very  poisonous  corrosive  sublimate;  hence  it 
is  very  necessary  to  distinguish  accurately  between  them.  Therefore 
to  the  simple  Latin  phrase  Hydrargyri  Chloridum  is  added  the  qualifying 
adjective  "Mite"  in  the  case  of  calomel,  and  "Corrosivum"  when  cor- 
rosive sublimate  is  meant.  In  writing  these  Latin  names  the  accepted 
rules  of  Latin  grammar  are  followed,  as  will  be  shown  later  (Chapter 
LVIL).  Here  it  suffices  to  say  that  all  the  Latin  names  of  drugs  are 
placed  in  the  singular  number — as  galla,  not  gallse,  for  galls;  caryo- 
phyllus,  not  caryophylli,  for  cloves — this,  according  to  the  United 
States  Pharmacopoeia  of  1850,  "following  the  example  of  the  Roman 
medical  writers." 

English  Name. — In  choosing  the  official  English  name  for  the 
drug  the  revisers  have  not  bound  themselves  to  the  most  popular 
English  designation  for  the  same;  in  fact,  as  a  rule,  the  popular  names 
have  been  relegated  to  the  class  of  synonyms,  and  in  many  cases  as  the 
English  name  has  been  chosen  a  term  by  which  they  are  rarely  known 
by  the  public;  the  official  Latin  and  English  names  being  very  fre- 
quently the  same.  Thus,  Serpentaria  is  given  as  both  the  Latin  and 
English  name  of  what  is  commonly  known  as  Virginia  snakeroot, 
and  the  latter  term  is  used  as  the  synonym.  In  choosing  the  English 
name,  however,  the  same  care  and  judgment  were  used  as  in  the  selection 
of  the  Latin  name,  and  where  the  common  EngUsh  name  is  shorter 
than  the  Latin  term  and  is  sufficiently  distinctive  to  preclude  danger 
of  confusion  with  other  drug  names,  it  is  then  chosen;  thus,  "cloves" 
is  used  instead  of  the  Latin  Caryophyllus;  "ginger, "  instead  of  Zingiber; 
"elm,"  instead  of  Ulmus. 

In  choosing  the  English  name  of  chemicals,  the  nomenclature  of 
the  Geneva  International  Conference  on  chemical  names  has  been 
followed  in  many  cases,  the  aim  being  to  be  thoroughly  modern  without 
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being  ultra-advanced.  Thus,  while  the  pharmacopoeia  of  1880  called 
salts  by  the  then  accepted  order  (as  example,  "sulphate  of  sodium"), 
the  United  States  Pharmacopoeia  of  1890  put  itself  on  record  by  accept- 
ing the  modern  phraseology,  "sodium  sulphate."  Of  this  nomencla- 
ture of  salts,  particular  reference  will  be  made  in  Chapter  XXII,  so  here 
need  only  be  said  the  advisability  of  the  student  accustoming  himself 
to  the  modern  naming  at  the  outset  of  his  studies.  Thus,  learn  to  use 
the  modern  term  "potassium  chlorate"  instead  of  the  antiquated  title 
"chlorate  of  potassium,"  or,  worse  yet,  "chlorate  of  potash." 

Synonym. — Under  this  head  the  former  pharmacopoeias  put  those 
drug  names  too  popular  to  be  ignored,  and  which,  for  various  reasons, 
could  not  wisely  be  accorded  official  preference. 

The  last  pharmacopoeia  (U.  S.  P.  Eighth  Revision),  however,  does 
not  include  synonyms  in  the  body  of  the  book,  these  names  being  given 
in  the  index  with  reference  to  the  official  name;  thus,  "Snakeroot, 
Virginia  (Serpentaria),  392,"  found  in  the  index  of  the  pharmacopoeia, 
means  that  the  official  English  name  of  the  drug  known  as  Virginia 
snakeroot  is  Serpentaria,  and  that  this  drug  is  discussed  on  p.  392  of 
the  pharmacopoeia. 

The  term  "Virginia  snakeroot"  is  almost  universally  employed 
instead  of  the  official  English  name,  "Serpentaria,"  but  the  pharma- 
copoeia selects  the  latter  word  because  the  word  snakeroot  is  applied 
to  several  distinct  drugs,  among  them  being:  serpentaria;  cimicifuga, 
or  black  snakeroot;  caulophyllum,  or  Samson  snakeroot;  asarum,  or 
Canada  snakeroot;  sanicle,  or  black  snakeroot;  eryngo,  or  button 
snakeroot;  and  senega,  or  seneka  snakeroot.  It  is  clear,  therefore, 
that  the  designation  snakeroot  immediately  raises  the  query,  "which 
snakeroot?"  hence  the  pharmacopoeial  aim  eventually  to  do  away 
with  these  confusing  synonyms.  Again,  the  use  of  the  common  syn- 
onyms is  apt  to  bring  misleading  results  by  similarities  in  same.  Thus, 
in  one  case,  instead  of  calamus,  recommended  for  the  gums  of  a  teething 
infant,  calomel  was  purchased  and  applied.  So  the  example  set  by  the 
United  States  Pharmacopoeia  should  be  followed  as  far  as  possible  by 
the  retail  pharmacist,  who  should  endeavor  gradually  to  educate  his 
trade  to  the  official  English  name  instead  of  the  misleading  and  con- 
fusing synonym. 

Official  Definition. — This  tells  what  the  drug  is,  and  the  United 
States  Pharmacopoeia  does  this  in  as  few  words  as  possible,  as  reference 
to  the  three  typical  cases  given  on  the  preceding  page  will  show. 
According  as  the  drug  is  of  vegetable  or  of  mineral  origin,  the  definition 
differs;  in  the  first  case,  the  botanical  name  of  the  drug  yielding  the 
drug  plays  a  leading  role  in  definition,  whereas  with  chemical  drugs 
the  symbolic  chemical  formula  is  frequently  the  entire  definition. 
Hence  it  is  profitable  to  discuss  these  two  entirely  different  means  of 
description  separately. 

Botanical  Name. — Thanks  to  the  science  of  botany,  all  the  173,706 
plants  known  to  the  civilized  world  have  been  carefully  studied,  accur- 
ately classified,  and  to  each  has  been  given  a  distinctive  scientific 
botanical  name.  This  botanical  name  is  of  Latin  form,  and  follows 
the  rules  of  Latin  grammar.  It  often  seems  unnecessarily  long  and 
difficult,  but,  as  will  be  later  shown,  from  time  to  time,  it  is  usually 
aptly  chosen,  as  by  it  we  frequently  can  understand  some  of  the  char- 
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acteristics  of  the  plant.  The  botanical  name  of  the  plant  generally 
consists  of  two  words — the  generic  name,  that  common  to  the  genus 
or  plant  group,  and  the  specific  name,  peculiar  to  the  one  kind  of  plant 
under  consideration,  an  adjective  usually  distinguishing  it  from  closely 
similar  plants. 

Even  to  the  English  name  of  a  plant  we  frequently  have  to  add  a 
qualifying  adjective;  thus  we  know  two  kinds  of  oranges,  and  to  dis- 
tinguish them  we  call  one  bitter  orange,  the  other,  sweet  orange;  so 
do  they  in  Latin,  the  sweet  orange  being  Citrus  Aurantium,  the  bitter, 
Citrus  vulgaris.  The  lemon  is  very  similar  to  the  orange,  hence  is  given 
the  same  generic  name  (Citrus),  its  specific  name  being  Limonum.  In 
fact,  botanical  names  are  very  much  like  our  personal  names.  We 
are  Smiths  and  Jones  and  Browns  because  we  belong  to  these  families, 
and  in  order  that  one  Smith  may  be  distinguished  from  another,  we 
call  each  by  what  is  known  as  a  given  (or  Christian)  name — Tom, 
Dick,  or  Harry.  The  difference  between  the  personal  names  of  men 
and  the  botanical  names  of  plants  is  that  in  plants  the  specific  name, 
the  plant's  "Christian  name, "  is  put  last  instead  of  first,  as  if  we  would 
call  ourselves  Smith  John,  instead  of  John  Smith. 

Do  not  misconstrue  the  above  comparison  of  the  family  name 
Smith  to  the  botanical  name  Citrus  into  the  idea  that  the  word  Citrus 
is  the  family  name  of  the  plant.  It  is  the  name  of  the  genus;  a  plant 
family  being  much  broader,  and  including  many  genera. 

As  to  the  writing  of  the  botanical  name,  the  generic  name  always 
begins  with  a  capital  letter,  while  the  specific  name  is  written  with  a 
small  initial  letter,  except  in  three  cases:  (1)  When  the  specific  name 
has  been  at  one  time  the  generic  name;  (2)  when  derived  from  the  name 
of  a  person;  (3)  when  an  indeclinable  noun. 

Following  the  botanical  name  in  the  United  States  Pharmacopoeia 
and  other  standard  works  comes  a  proper  name — as,  "  Veronica  virginica 
Linn6"  or  "Citrus  Limonum  Risso."  This  is  the  name  of  the  botanist 
by  whom  the  botanical  name  was  bestowed  upon  the  plants.  A  glance 
through  the  pharmacopoeia  will  show  that  a  large  number  of  plants 
were  examined  and  named  by  Carl  Linn6  (1707-1778),  who  was  a 
Swedish  apothecary.  The  botanical  term  family,  mentioned  above, 
and  used  in  the  present  pharmacopoeia,  was  scarcely  happily  chosen, 
and  in  common  conversation  it  is  better  to  use  the  word  ''tribe"  instead. 
Scientists  substitute  for  the  word  the  term  ''natural  order."  For 
complete  explanation  of  this  plant  grouping  recourse  should  be  had 
to  a  standard  botany,  so  suffice  it  here  to  state  that  similar  plants  are 
grouped  together  into  a  genus  (plural,  genera);  thus  all  the  roses  are 
grouped  into  the  genus  Rosa;  the  oranges  and  the  lemons  into  the  genus 
Citrus;  the  mints  into  the  genus  Mentha.  Now,  roses  have  some  charac- 
teristics like  those  of  the  blackberries  (or  the  genus  Rubus),  and,  like 
the  apples  and  pears  (or  the  genus  Pyrus) .  In  such  cases  these  similar 
genera  are  grouped  together  for  classification  into  a  natural  order;  in 
that  under  consideration  the  name  chosen  for  the  natural  order  is 
RosacecB.  Similarly,  the  daisies  (genus  Bellis),  the  sunflowers  (genus 
Helianthus),  the  dandelions  (genus  Taraxacum),  and  many  similar 
genera  are  grouped  into  one  natural  order  called  the  Composita.  It 
will  be  noticed  in  the  United  States  Pharmacopoeia  the  botanical  name 
is  always  followed  by  the  name  of  the  natural  order  (or  family).  • 
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Symbolic  Formula. — A  majority  of  the  official  chemicals  are  not 
derived  from  plant  sources,  hence  in  defining  same  a  botanical  name  has 
no  part,  and  a  symbolic  chemical  formula  is  used  instead. 

A  full  explanation  of  a  chemical  formula  will  be  given  later,  so 
sufficient  for  this  place  is  the  bare  mention  that  it  is  an  abbreviated 
method  of  expressing  the  composition  of  the  chemical. 

Thus  the  formula  NaCl  means  a  compound  consisting  of  one  atom 
of  the  element  sodium  and  one  atom  of  chlorine  to  each  molecule. 
K2SO4  means  a  compound  containing  two  atoms  of  potassium,  one 
atom  of  sulphur,  and  four  atoms  of  oxygen  to  the  molecule.  Hence 
it  can  be  seen  that  the  chemical  formula  answers  in  place  of  a  definition 
of  many  words.  Moreover,  by  means  of  the  symbolic  formula  we  learn 
the  exact  composition  of  the  official  chemical.  Thus  the  name  mag- 
nesium carbonate  would  seem  to  indicate  the  formula  MgCOg;  that  is, 
a  body  consisting  of  one  atom  of  magnesium,  one  atom  of  carbon,  and 
three  atoms  of  oxygen  to  the  molecule.  The  United  States  Pharma- 
copoeia, however,  puts  as  the  symbolic  formula,  MgCOg,  Mg(OH)25H20, 
showing  that  the  official  carbonate  is  really  a  mixture  of  the  true  car- 
bonate, with  magnesium  hydroxide  and  some  absorbed  water.  Likewise, 
while  absolute  sodium  sulphate  is  really  Na2S04,  that  is,  it  consists  of 
two  atoms  of  sodium,  one  atom  of  sulphur,  and  four  atoms  of  oxygen 
to  the  molecule,  the  pharmacopoeia  gives  as  its  symbolic  formula, 
Na2S047H20,  showing  that  the  official  product  is  sodium  sulphate  com- 
bined with  seven  molecules  of  water  of  crystallization.   (Chapter  XXVI.) 

The  official  definitions  of  chemicals  in  the  present  pharmacopoeia 
are  longer  than  those  of  former  pharmacopoeias,  because  of  introduction 
of  the  so-called  "Purity  Rubric."  This  includes  a  specific  mention  of 
the  amount  of  absolute  chemical  contained  in  a  commercial  sample. 
Thus,  sublimed  sulphur  (p.  22)  "must  contain  not  less  than  99  per  cent, 
pure  sulphur." 

This  purity  rubric  was  introduced  to  define  accurately  the  chemical 
for  purpose  of  its  identification  under  the  Food  and  Drug  Laws,  both 
State  and  national.  To  say  that  sublimed  sulphur  is  S  =  3L93,  would 
imply  a  100  per  cent,  product,  which  is  practically  impossible  to  obtain. 
Since  the  rubric  directs  "not  less  than  99  per  cent.,"  1  per  cent,  of 
accidental  impurity,  say,  moisture,  is  permissible. 

Official  Description. — This  division  of  the  pharmacopoeial  treat- 
ment of  official  drugs  scarcely  needs  extended  comment,  so  clear  and 
concise  are  the  descriptions.  They  are  inserted  to  enable  the  phar- 
macist to  find  out  whether  the  drugs  and  chemicals  he  purchases  are 
really  of  quality  worthy  of  administering  as  medicine.  With  vegetable 
drugs,  the  description  deals  with  the  external  and  microscopic  appear- 
ance, and  in  cases  of  some  of  the  more  potent  drugs,  a  method  of  estimat- 
ing the  quantity  of  the  active  ingredients  is  given,  this  method  being 
called  the  assay  of  the  drug.  With  chemicals,  the  official  description 
deals  with  appearance,  solubility,  and  other  physical  characteristics, 
and  is  supplemented  by  a  series  of  chemical  tests,  first,  to  establish  the 
identity  of  the  chemical,  and,  secondly,  to  detect  the  presence  of 
impurities.  Lastly,  there  is  usually  given  a  quantitative  assay  of  the 
chemical  by  means  of  volumetric  analysis. 

The  neglect  of  the  average  pharmacist  to  compare  his  stock  of 
medicines    with    the    standards    established    by   this    pharmacopoeial 
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description  is  not  only  unwise,  but  also  in  many  States  unsafe,  for, 
aside  from  the  ethical  point  that  the  pharmacist  should  never  dispense 
a  drug  unless  he  personally  knows  that  it  is  up  to  all  pharmacopoeial 
requirements,  there  is  the  selfish  ground  that  in  most  of  the  older 
States  laws  relating  to  the  purity  of  drugs  are  in  force  and  nothing  is 
more  fatal  to  the  reputation  of  a  druggist  than  prosecution  for  selling 
impure  drugs. 

Method  of  Preparation. — Of  the  958  medicines  recognized  by  the 
United  States  Pharmacopoeia,  in  the  case  of  over  half  the  method  of 
preparation  is  given,  the  policy  being  to  give  a  recipe  whenever  it  is 
practical  for  the  pharmacist  to  compound  the  remedy.  For  heavy 
chemicals,  which  can  be  made  much  more  cheaply  by  the  large  manu- 
facturer than  by  the  retailer,  no  recipe  is  given,  and  as  the  pharma- 
copoeial committee  has  carefully  considered  this  question,  it  becomes 
every  self-respecting  pharmacist  to  make  as  many  of  the  preparations 
for  which  a  recipe  is  given  by  the  United  States  Pharmacopoeia  as  he 
possibly  can. 

The  recipes  of  the  United  States  Pharmacopoeia  are  the  result  of 
careful  study,  and  are  as  near  perfect  as  human  ingenuity  can  suggest. 
Occasionally  an  unpractical  recipe  slips  in,  but  in  most  cases  where  a 
recipe  yields  an  unsatisfactory  product  the  fault  lies  with  the  manipu- 
lator, rather  than  with  the  framer  of  the  recipe.  In  all  recipes  of  the 
United  States  Pharmacopoeia  of  1900  the  metric  system  of  weight  is 
directed  to  be  used,  the  transition  from  the  old  system  occurring  in  the 
revisions  of  1880  and  1890,  as  can  be  noted  by  comparing  the  change  in 
weights  and  measures  in  the  pharmacopoeias  of  1870,  1880,  and  1890: 

1870.     Troy  ounce  and  fluidounce. 

1880.  Parts  by  weight  (both  solids  and  liquid  weighed).  This 
was  done  because  of  the  strong  desire  to  change  from  the  old  system — 
troy  ounces  and  fiuidounces — to  the  metric  system. 

However,  the  opposition  to  the  innovation  proved  too  strong,  and, 
as  a  compromise,  parts  by  weight  were  chosen.  According  to  this, 
a  preparation  could  be  made  either  in  avoirdupois  ounces,  troy  ounces, 
avoirdupois  pounds,  troy  pounds,  grammes,  or  kilogrammes.  Thus, 
in  the  formula  of  Ammonia  Liniment  (1880)  which  read — 

Water  of  ammonia 30  parts 

Cotton-seed  oil 70 

if  we  used  ammonia  water,  30  tr.  oz.,  30  av.  oz.,  or  30  Gm.,  we  would 
add  respectively  of  oil,  70  tr.  oz.,  70  av.  oz.,  or  70  Gm.,  giving  every- 
body a  chance  to  use  his  pet  system  of  weights. 

It  proved,  however,  a  bunglesome  piece  of  work,  for  it  was  an 
awkward  matter  to  weigh,  for  instance,  100  Gm.  of  a  percolating 
tincture,  but  it  accomplished  its  work.  It  established  the  idea  of 
decimal  ratio,  and  1890  found  the  convention  ready  to  adopt  the  metric 
system. 

1890.     The  metric  system — grammes  and  cubic  centimeters. 

DISPENSATORIES 
A  pharmacopoeia,  being  intended  as  a  concise  standard  work^  of 
reference,  by  no  means  embraces  all  the  material  used  in  the  healing 
art.     Thus  the  United  States  Pharmacopoeia  of  1900  recognizes  958 
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drugs  and  chemicals,  and  these  include  scarcely  a  tenth  of  the  remedies 
that  have  been  suggested  even  in  our  country,  exclusive,  of  course,  of 
the  nostrums.  The  officials  represent  those  remedies  which,  in  the 
judgment  of  the  revision  committee,  are  indispensable  in  the  practice 
of  medicine:  those  remedies  singled  out  from  the  vast  number  as  being 
really  valuable.  Even  of  these  officials  the  barest  details  are  given  by 
the  United  States  Pharmacopoeia  in  the  effort  to  prevent  the  work 
from  becoming  too  voluminous.  Accordingly,  in  the  various  civilized 
countries  there  early  sprang  up  the  need  of  commentaries  on  the  pharma- 
copoeia: large  works  which  not  only  fully  described  the  official  remedies, 
but  also  made  mention  of  a  large  number  of  the  unofficial  drugs  and 
chemicals  used  in  medicine. 

In  this  country  such  commentaries  are  called  dispensatories,  and  we 
are  provided  with  three  valuable  works  of  this  character:  The  United 
States  Dispensatory,  first  published  in  1833,  the  National  Dispensatory, 
first  published  in  1879,  and  King's  American  Dispensatory,  first  pub- 
lished in  1854. 

At  least  two  of  these  works  should  be  found  in  every  drug-store. 

Supplemental  to  the  recipes  of  the  United  States  Pharmacopceia 
a  book  of  unofficial  formulas  is  of  great  value.  Of  these,  none  is  better 
than  the  National  Formulary,  published  by  the  American  Pharma- 
ceutical Association,  and  representing  the  contributions  of  the  best 
pharmacists  of  America.  This  work  has  recently  been  given  legal 
approval  by  the  statement,  in  the  National  Pure  Food  Law,  that  drugs 
shall  conform  either  to  the  pharmacopceia  or  to  the  National  Formulary. 


CHAPTER   II 
METROLOGY 


Metrology  is  the  science  of  weights  and  measures. 

The  definition  of  weight  as  commonly  used,  to  express  the  quantity 
of  a  given  substance,  is  erroneous,  the  correct  word  for  the  absolute 
quantity  of  matter  in  a  given  substance  being  mass. 

Thus  the  mass  of  a  substance  is  unchangeable  under  all  circumstances,  while 
the  weight  varies  under  certain  influences,  since  weight  is  the  measure  of  the  gravitat- 
ing force  of  the  earth,  and  the  gravitating  force  of  the  earth  varies  at  different  points 
on  the  earth's  surface  and  interior. 

Details  of  gravity  can  be  found  in  any  elementary  physics,  so 
suffice  it  to  say  that  all  substances  attract  other  substances  in  direct 
proportion  to  their  mass,  and  since  of  all  bodies  on  the  surface  of  the 
earth  the  mass  of  the  earth  is  infinitely  greater,  the  preeminent  attrac- 
tion is  that  of  the  earth. 

That  the  earth  attracts  bodies  to  it  is  shown  by  every  falling  object, 
the  tendency  of  the  falling  object  being  to  attain  as  near  the  center 
of  the  earth  as  possible.  An  ocular  demonstration  of  the  quantity  of 
gravitating  force  is  offered  by  the  Jolly  spiral  balance  (Fig.  1),  which 
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consists  of  an  exceedingly  sensitive  steel  spring,  which  is  elongated  on 
placing  at  the  end  thereof  a  weight  which  is  attracted  downward  by  the 
earth's  force.  The  application  of  this  spiral  balance  is  seen  in  the 
ordinary  spiral  butcher's  scale  or  ice  scale.  Such  a  balance  measures 
directly  the  force  of  gravitation,  and  hence  the 
weight  of  the  substance,  since  weight  is  the  measure 
of  the  gravitating  force  of  the  earth. 

The  same  spiral  balance  can  be  used  for  measuring  the 
comparative  weights  of  various  substances  at  the  same  place 
on  the  earth's  surface,  but  since  the  measure  of  gravitation 
varies  at  various  points  on  the  surface  of  the  earth,  such 
balances  are  intended  for  use  only  at  the  place  for  which 
they  are  standardized.  Thus,  a  body  which  is  attracted 
toward  the  earth  with  a  force  of  192  pounds  at  the  poles,  is 
attracted  with  about  a  force  of  191  pounds  at  the  equator. 
Hence,  as  stated  above,  the  weight  of  a  substance  is  not  an 
absolute  criterion  of  its  quantity,  and  we  should  learn  to 
speak  of  mass  rather  than  of  weight. 


In  measuring  the  quantity  of  substance,  three 
systems  of  units  may  be  employed, — those  of  length, 
capacity,  and  weight, — and  while  these  systems 
seem  to  have  been  introduced  in  the  order  named, 
yet  their  origin  is  so  ancient  as  to  be  lost  in  the 
mists  of  prehistoric  days,  the  Jews  claiming  that 
both  weights  and  measures  were  introduced  by 
Cain. 

As  to  measures,  the  most  ancient  is  the  Egyptian 
cubit — the  length  of  the  forearm  (b.  c.  2300). 

The  foot  is  of  Grecian  origin,  legend  saying  that 
Hercules'  foot  served  as  model.  Inch  is  of  Roman 
origin,  being  an  "uncia,"  or  twelfth  of  a  foot,  and 
to  the  same  people  we  are  indebted  for  the  pace 
and  the  mile  (millia  passum).  The  yard  is  more 
modern,  being  the  Anglo-Saxon  measurement  of 
the  girth. 


Fig.  1. — Jolly's  spiral 
balance. 


Of  weights,  the  oldest  specimens  now  extant  are  those 
excavated  from  the  ruins  of  Babylon  and  Nineveh;  one  of 
these,  a  stone  duck,  dating  from  b.  c.  2007,  is  inscribed  as 
representing  ten  "manah."  This  manah  was  evidently  the 
standard  for  all  neighboring  countries,  mention  of  it  being 
made  in  the  Bible.  The  manah  was  divided  into  60  shekels,  and  weighed,  in  some 
cases,  about  one  avoirdupois  pound  (489  to  502  Gm.),  while  others  weigh  exactly 
twice  as  much. 

This  Babylonian  manah  was  adopted  by  the  Grecians,  undergoing  variations  in 
weight  during  the  lapse  of  years.  Thus  we  find  the  city  of  Athens  had  a  manah  (or 
"mna,"  as  they  called  it)  weighing  15J  avoirdupois  ounces  (436  Gm.),  and  the  same 
people  had  a  silver  coin  weighing  ^-J^  of  the  manah,  which  they  called  drachma. 

The  weight  standards  of  ancient  Italy  seemed  also  based  on  the  Babylonian 
manah,  the  first  coins  from  Rome  being  masses  of  bronze  weighing  about  one-third 
the  heavy  manah,  and  called  the  "as  libralis,"  or  "pondo  libralis."  This  Roman 
pound  was  divided  into  halves,  thirds,  quarters,  and  twelfths,  and  the  latter  was, 
called  "uncia" — hence  our  word  "ounce."  Of  the  same  monetary  value  of  the 
bronze  coin  "as  libralis"  was  a  small  silver  coin  weighing  about  twenty  of  our  grains 
(1.137  Gm.),  and  this  was  called  a  "scripnlum,"  and  as  time  went  on  these  coin 
weights  became  the  standard  weights  of  the  nation,  and  so  it  was  that  at  the  time 
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of  Nero  the  Roman  weights  were  a  libra,  or  pound  of  327  Gm. ;  ^^^  libra,  or  uncia;  ^ 
uncia,  or  drachma;  and  J  drachma,  or  scripida,  practically  our  present  apothecary 
system. 

Concerning  weights  smaller  than  the  scripula  there  is  much  confusion,  different 
authorities  mentioning  the  obulus,  or  J  scruple;  the  siliqua,  or  J  obulus,  and  the 
chalkus,  or  y^  obulus,  or  zizis  pound.  This  is  of  no  special  interest  to  us,  and  is 
mentioned  merely  to  note  the  absence  of  the  grain  weight,  although  the  siliqua  (like 
our  grain)  was  the  weight  of  a  seed — that  of  the  plant  Ceratonia  siliqua,  or  St. 
John's  bread. 

The  Roman  weights  were  borrowed  by  all  the  countries  of  central 
Europe,  and  likewise  we  find  the  coins  of  the  middle  ages  were  copies 
of  those  of  Constantine  the  Great,  whose  Eastern  Empire  was  a  direct 
offshoot  of  the  Roman.  Thus  the  earliest  Anglo-Saxon  penny  was 
an  exact  copy  of  Constantine's  "tremisse, "  and  weighs  ^  scripula,  or 
24  grains,  and  the  same  is  true  of  the  penny  of  Alfred  the  Great. 
Evidently,  this  coin  began  to  vary  in  weight,  and  to  standardize  same 
by  some  familiar  unit  was  the  aim  of  Henry  III.,  whose  statute  of  1266 
says  the  penny  "shall  weigh  32  wheat  corns  in  the  midst  of  the  ear, 
and  12  pence  do  make  an  ounce,  and  12  ounces  one  pound,  and  8  pounds 
do  make  a  gallon  of  wine,  and  8  gallons  of  wine  do  make  a  London 
bushel."  This  famous  statute  is  our  formal  introduction  to  our  present 
system  of  weights  and  measures,  giving  us  the  first  authentic  reference 
to  the  pennyweight.  The  pound  here  mentioned  is  the  ancient  Tower 
pound,  used  from  Anglo-Saxon  times,  and  weighing  but  5400  of  our 
present  grains. 

The  ordinance  of  Edward  I.  (1304)  reiterates  the  statute  just  given, 
directing  a  penny  of  32  grains  of  wheat,  the  ounce  of  20  pence,  the 
pound  of  12  ounces,  the  gallon  of  8  pounds  of  wine,  and  the  bushel  of  8 
gallons.  It  also  contains  the  innovation  that  a  pound  of  money  and  of 
medicine  consist  of  only  20  shillings;  a  pound  of  all  other  things  consists 
of  25  shillings.  It  furthermore  adds  that  a  pound  of  money  contains 
12  ounces,  while  a  pound  of  all  other  things  contains  16  ounces;  that 
is,  that  articles  of  a  common  character  should  be  dispensed  with  more 
lavish  hand  than  those  which  were  more  expensive.  Following  this 
idea,  this  new  system  of  weights  for  the  coarser  commodities  was  called 
"avoirdupois,"  from  the  French  words  "avoir"  and  "pois,"  which 
mean  "  to  have  weight."  Hence  the  origin  of  two  different  pounds  and 
two  different  ounces,  thus  entailing  upon  English-speaking  people  even 
to  this  day  material  inconvenience  and  discomfort. 

But  whence  the  change  from  the  penny  of  32  wheat  grains  to  the 
penny  of  24  of  our  present  grains?  No  statute  authorizing  a  penny 
of  24  wheat  grains  can  be  found,  unless  we  accept  the  testimony  of  a 
single  and  somewhat  questionable  authority,  that  a  statute  of  Edward  I. 
of  the  year  1280  directed  a  penny  of  24  grains.  The  same  authority 
believed  that  our  present  grain  is  the  weight  of  a  barley  corn,  rather 
than  a  wheat  grain,  and  this  may  be  the  truth,  since  the  grain  of  wheat 
of  modern  times  has  been  found  to  weigh  only  three-quarters  of  our 
modern  grain,  and  likewise  only  three-quarters  the  weight  of  a  barley- 
corn. 

Be  this  as  it  may,  it  seems  possible  that  our  modern  grain  is  a 
foreign  weight  replacing  the  wheat  grain,  just  as  our  two  pounds  (troy 
and  avoirdupois)  are  foreign  units  which  gradually  forced  the  ancient 
English  standard,  the  Tower  pound,  from  the  field. 
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The  first  official  record  we  have  of  the  introduction  of  foreign  sys- 
tems is  in  a  statute  of  1314,  where  the  phrase  "pur  la  libre  de  troy  orre" 
is  used,  this  ordinance  directing  the  price  of  metals  by  the  troy  pound; 
while  a  statute  of  1335  authorized  merchants  to  buy  and  sell  "corn, 
wine,  avoirdupois,  flesh,  fish,"  etc.;  the  word  in  this  case  has  its  original 
meaning  of  "weight  articles,"  and  it  was  not  until  a  statute  of  1529 
that  mention  of  "the  weight  called  haverdupois"  is  made. 

Of  these  two  systems,  the  troy  is  supposed  to  have  been  the  standard 
of  the  French  city  of  Troyes,  which  was  quite  a  commercial  center  in 
medieval  days,  while  our  present  avoirdupois  pound  is  said  to  have 
been  the  standard  of  Bayonne,  another  city  of  France. 

The  United  States  standard  yard  and  troy  pound  date  from  1760, 
they  having  been  conferred  upon  the  colonies  by  the  mother  country, 
and  are  copies  of  the  ancient  weights  given  above,  and  no  change  has 
been  made  by  this  government  since  its  organization. 

In  1836  the  British  government  modified  its  system  of  weights 
and  measures,  adopting  the  so-called  Imperial  system,  in  which  an 
effort  has  been  made  to  place  the  accepted  system  of  weights  and 
measures  on  a  scientific  basis  by  comparing  same  with  physical  units 
which  can  be  easily  verified.  Thus,  the  yard  of  36  inches  is  based  on 
the  length  of  a  pendulum  beating  seconds  in  a  vacuum  in  London  at 
62°  F.  The  length  of  this  pendulum  is  39.1393  of  the  accepted  historic 
standard  inches,  and  12  of  these  inches  are  called  a  foot,  and  three  feet, 
a  yard.  In  other  words,  the  Imperial  inch  and  yard  are  the  same 
lengths  as  the  old  units,  but  their  determination  has  been  placed  on  a 
careful  physical  measurement.  In  like  manner  the  Imperial  troy  pound 
remains  at  the  old  standard,  5760  grains.  The  grains,  however,  have 
been  carefully  determined  by  the  weight  of  a  cubic  inch  of  distilled 
water,  the  weight  of  which  is  252.458  grains.  The  Imperial  gallon 
differs  from  the  United  States  gallon,  being  the  volume  of  ten  avoir- 
dupois pounds  of  distilled  water  under  standard  conditions  of  tem- 
perature and  barometric  pressure.  In  other  words,  it  is  the  weight  of 
70,000  grains  of  distilled  water,  and  has  the  capacity  of  277  cubic  inches. 

The  volumetric  subdivision  of  the  Imperial  gallon  is  also  different 
from  the  United  States  gallon,  it  being  divided,  as  ours,  into  8  pints, 
but  the  pints  are  divided  into  20  fluidounces  instead  of  16. 

In  our  present  United  States  system  of  weights  and  measures  the 
troy,  apothecaries',  and  avoirdupois  ounce  weights,  and  the  yard  and 
inch,  are  the  same  as  the  English,  but  the  gallon,  as  the  old  English 
gallon  of  1760,  has  a  weight  of  58,329.6  grains,  and  a  capacity  of  231 
cubic  inches. 

The  tables  of  weights  and  measures  used  in  the  United  States  are: 

Apothecaries'  Weight.  Abbreviated. 

20  grains  =  1  scruple B 

3  scruples  =  1  drachm 3 

8  drachms  =  1  ounce 5 

12  ounces  =  1  pound "> 

Troy  Weight.  Abbreviated. 

24  grains  =  1  pennyweight dwt. 

20  pennyweight  =  1  ounce oz. 

12  ounces  =  1  pound r4b«~ 


32  PRINCIPLES  OF  PHARMACY 

Avoirdupois  Weight.  Abbreviated. 

437i  grains  ^=  1  ounce :  av.  oz. 

16  ounces  =  1  pound av.  lb. 

U.  S.  Fluid  Measure.                                       Abbreviated. 
60  minims  =  1  fluidrachm f.'^. 

8  fluidrachms    =  1  fluidounce f^. 

16  fluidounces     =  1  pint O. 

2  pints  =  1  quart qt. 

4  quarts  =  1  gallon Cong. 

The  r6sum6  of  the  old  system  of  weights  and  measures  shows  what 
confusion  prevails.  We  see  there  are  four  distinct  ounces:  avoirdupois, 
437^  grains;  apothecary  or  troy,  480  grains;  U.  S.  fluid,  455.7  grains 
of  distilled  water;  Imperial  fluid,  437.5  grains  of  distilled  water.  Like- 
wise there  are  two  pounds:  troy,  5760  grains;  avoirdupois,  7000  grains. 
There  are  also  two  gallons:  U.  S.  gallon,  231  cubic  inches  (58,329.6 
grains  of  distilled  water);  Imperial  gallon,  277  cubic  inches  (70,000 
grains  of  distilled  water). 

Particular  emphasis  should  be  laid  on  the  distinction  between 
the  U.  S.  and  the  Imperial  fluid  measures,  and  the  American  pharmacist 
should  never  use  an  English  graduate. 

Another  pharmaceutic  detail  worthy  of  notice  is  the  fact  that 
pharmacists  purchase  their  goods  by  the  avoirdupois  and  dispense 
them  chiefly  by  troy  system.  It  is,  therefore,  well  to  remember  that 
an  eighth  ounce  of  morphine  sulphate  is  not  an  eighth  of  a  troy  ounce, 
or  60  grains,  but  an  eighth  of  an  avoirdupois  ounce,  or  54.67  grains. 

COMMON  MEASURES 

The  following  common  measures,  largely  used  in  the  household, 
are  worthy  of  mention: 

A  teaspoonful  is  supposed  to  be  1  fluidrachm. 
A  dessertspoonful  is  supposed  to  be  2  fluidrachms. 
A  tablespoonful  is  supposed  to  be  4  fluidrachms. 
A  wineglassful  is  supposed  to  be  2  fluidounces. 
A  teacupful  is  supposed  to  be  4  fluidounces. 

The  words  "supposed  to  be"  are  well  chosen,  since  most  of  the 
spoons  and  other  measures  vary  greatly  as  to  size. 

Remember  that  a  drop  is  not  a  minim,  and  a  minim  does  not  neces- 
sarily weigh  a  grain. 

Drops  vary  according  to  the  character  of  the  liquid  which  is  being 
dropped,  and  also  according  to  the  surface  from  which  the  liquid  is 
dropped.  As  to  the  first,  the  variation  in  size  of  drops  is  from  44  drops 
of  syrup  of  acacia,  120  drops  of  laudanum,  and  250  drops  of  chloroform 
to  the  fluidrachm.  The  size  of  the  drop  of  the  same  liquid  will  vary 
accordingly  as  the  surface  from  which  the  liquid  is  dropped  is  sharp 
or  flat,  or  whether  the  orifice  from  which  it  is  dropped  is  large  or  small. 
Thus,  water  dropped  from  the  bottom  of  a  gallon  evaporating  dish 
measures  18  drops  to  the  fluidrachm,  whereas  the  same  water  at  the 
same  temperature  dropped  from  a  glass  rod  of  -j^j-inch  bore  gave  600 
drops  to  the  fluidrachm. 
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THE  METRIC  SYSTEM 

The  confusion  resulting  from  the  use  of  units  of  the  same  name 
and  of  different  values  cited  on  preceding  pages  led  to  an  effort  to 
secure  an  international  system  of  weights  and  measures.  This  move- 
ment was  instituted  by  Prince  de  Tallyrand,  who  persuaded  the  French 
assembly  to  pass  a  bill  providing  for  the  collating  of  the  various  systems 
of  weights  and  measures  then  in  use  in  France,  requesting  the  coopera- 
tion of  the  British  government,  and  assigning  the  formation  of  the 
new  system,  based  on  a  universal  standard,  to  the  French  Academy  of 
Sciences.  The  French  Academy  took  up  the  work,  and  the  report 
of  same  was  made  into  a  law  August  1,  1793.  The  next  year  the  French 
government  sent  the  United  States  government  a  copy  of  the  new 
weights  and  measures,  with  the  request  that  they  be  adopted  by  the 
infant  republic;  this  request  was  communicated  to  Congress  by  President 
Washington  in  his  message,  January  8,  1795.  In  1821  national  attention 
was  brought  to  the  metric  system  by  John  Quincy  Adams,  who  strongly 
urged  the  adoption  of  same  by  Congress,  but  nothing  was  done  in  that 
direction  until  1866,  when  an  act  was  passed  legalizing  the  system  in 
the  United  States,  and  directing  that  the  same  be  used  in  the  medical 
department  of  the  army  and  navy  and  the  marine  hospital  service. 
In  recent  years  further  progress  in  this  direction  has  been  attempted  by 
strong  pressure  on  Congress  to  pass  laws  to  make  the  system  compulsory, 
as  well  as  legal.  Such  a  bill  did  pass  the  House  of  Representatives  in 
1896,  but  was  laid  on  the  table,  and  nothing  has  been  done  since. 

The  metric  system  was  based  on  an  absolute  unit,  and  from  that 
absolute  unit  all  other  units  were  directly  or  indirectly  evolved.  The 
standard  unit  taken  was  the  forty-millionth  part  of  the  earth's  cir- 
cumference around  the  poles,  which  was  called  a  ^' meter." 

This  meter  was  divided  into  tenths,  hundredths,  and  thousandths, 
which  were  called  respectively  decimeter,  centimeter,  millimeter. 
Multiples  of  the  meter  were  also  arranged.  A  cube,  a  centimeter  each 
way,  was  taken  as  the  unit  of  capacity,  and  called  a  cubic  centimeter. 
The  weight  of  this  cubic  centimeter  of  distilled  water  at  4°  C.  (at  which 
temperature  water  attains  its  greatest  density)  was  called  gramme, 
and  in  this  way,  from  the  primal  unit  of  length,  the  unit  of  capacity 
and  the  unit  of  weight  were  obtained. 

Of  course,  denominations  other  than  these  three  units  were  essential, 
and  in  all  cases  such  units  were  based  on  the  decimal  scale,  the 
change  in  units  of  length  and  the  weight  being  marked  by  the  prefixes 
deci-,  centi-,  and  milli-  (Latin  words  meaning  ten,  one  hundred,  and 
one  thousand),  as  mentioned  above,  and  deca-,  hecto-,  kilo-  (Greek 
words  meaning  ten,  one  hundred,  and  one  thousand)  for  the  higher  units. 

An  examination  of  this  table  of  fractions, — n700>  rirr^  ^^^  i'd^ — ^^" 
actly  like  mills,  cents,  dimes,  and  dollars,  will  show  similarity  between 
the  metric  system  and  our  currency: 

10000.  Myriagramme. 

1000.  Kilogramme. 

100.  Hectogramme. 

10.  Dekagramme. 

1.  Gramme.     Compare  this  to  $1.00    (dollar). 

0.10  Decigramme.     "  "  0.10    (dime). 

0.01  Centigramme.   "  "  0.01    (cent). 

0.001  Milligramme.     "  "  0.001  (mill). 
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The  unit  of  volume,  the  cubic  centimeter,  being  very  small,  a  thou- 
sand of  these  cubic  centimeters  was  adopted  as  a  higher  unit  and  was 
called  a  liter;  hence,  a  cubic  centimeter  is  a  milliliter,  or  one-thou- 
sandth of  a  liter. 

Orthography. — The  original  French  metric  terms  were  "metre, 
litre,  and  gramme."  These  have  been  anglicized  by  the  American 
Metric  Bureau  into  "  meter,  liter,  and  gram."  However,  there  is  danger 
that  the  latter  word,  when  written,  may  be  mistaken  for  "grain," 
hence  the  United  States  Pharmacopoeia  has  retained  the  French  spelling 
"gramme,"  though  accepting  the  American  spelling  of  the  other  two 
units,  meter  and  liter. 

Of  metric  weights,  we  need  only  consider — 

Kilogramme,  1000  grammes. 

Gramme. 
Milligramme,  jj^^-^  gramme  (0.001  Gm.). 

The  prefixes  hecta,  deka,  deci,  etc.,  should  be  clearly  understood, 
but  in  practical  work  they  are  not  used  very  often. 

The  conversion  of  ordinary  weights  and  measures  into  the  metric 
or  vice  versa  is  not  so  hard  as  it  first  seems.  All  that  has  to  be  known 
is  the  troy,  avoirdupois,  and  fluid  tables  and  the  following  facts: 

I.     That  a  gramme  equals  15.5  grains,  approximately. 

II.  That  a  kilogramme  equals  1000  grammes,  and  that  a  milligramme  is  the 
thousandth  part  of  a  gramme. 

III.  That  one  fluidounce  of  distilled  water  weighs,  at  60°  Fahrenheit,  455.7 
grains. 

IV.  That  a  cubic  centimeter  of  distilled  water  weighs  one  gramme. 
V.     That  a  liter  equals  1000  Cc. 

With  the  three  tables  of  weights  and  measures,  given  on  a  preceding 
page,  and  the  above  five  facts,  any  ordinary  problem  in  pharmacopoeial 
weights  and  measures  can  be  worked. 

Just  an  example  or  so: 

(a)     How  many  grammes  in  4  avoirdupois  ounces? 
Answer:     1  av.  oz.  =  437.5  grains. 

4  av.  nz.  =  4  X  437.5  grains  =  1750  grains.     1750  grains. 
Remember,  the  denomination  ' '  grains  "  is  the  bridge  across  which  one  passes  from 
the  region  of  the  old  systems  to  the  realm  of  the  metric  system. 

1  gramme  =  15.5  grains. 
Therefore,  in  1750  grains  there  will  be  as  many  grammes  as  15.5  goes  into  1750. 

15.5)1750(112  +         So  you  see  there  are  about  113  grammes  in  4 
155  avoirdupois  ounces. 

200 
155 
450 
310 

In  comparing  this  example  with  the  tables  given  by  the  pharma- 
copoeia it  will  be  found  that  while  the  answer  just  given  is  112.9  grammes, 
the  true  equivalent  is  113.4.  This  is  due  to  the  fact  that  the  exact 
value  of  the  gramme  is  15.432  grains. 

If  1750  is  divided  by  15.432,  the  quotient  will  be  113.4.  However, 
15.5  is  near  enough  for  most  practical  pharmaceutic  purposes. 
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(6)     How  many  troy  ounces  in  72.5  grammes? 
Answer:     1  gramme  =  15.5  grains. 

72.5  grammes  =  15.5  X  72.5  —  1123.75  grains. 
72.5 

15.5  1123.75  grains. 

3625  We  are  on  the  bridge.     Now  for  the  other  side. 

3625 
725 


1123.75  1  troy  ounce  =  480  grains. 

Therefore,  in  1123.75  grains  there  will  be  as  many  troy  ounces  as  480  goes 
into  1123.75— 

480)1123.75(2.3  + 
960 

1637 
1440 

So  it  is  seen  there  are  about  2  j\  troy  ounces  in  72.5  grammes. 
(c)     How  many  fluidounces  in  120  Co.? 

Answer:    1  Cc.  distilled  water  at  4°  C.  =  1  gramme. 

1  gramme  =  15.5  grains. 

120  Cc.  distilled  water  =  120  X  15.5  grains  =  1860  grains. 

15.5 
120 


1860.0 


Again  we  are  down  to  grains.     1860  grains. 
1  fluidounce  distilled  water  at  15°  C.  —  455.7  grains. 
Therefore,  in  1860  grains  distilled  water  there  are  as  many  fluidounces  as 
455.7  goes  into  1860. 

455.7)1860.00(4.0  +  fluidounces. 
1822.8 
3720 
Hence,  in  120  Cc.  there  are  somewhat  over  4  fluidoimces. 
(d)     How  many  cubic  centimeters  in  1  pint? 
1  pint  =  16  fluidounces. 
1  fluidounce  distilled  water  =  455.7  grains. 
16  fluidounces  distilled  water  =  455.7  x  16  =  7291.2  grains. 

455.7 

16 

7291.2  grains. 

Here  we  are  at  the  crossing!     7291.2  grains. 
1  Cc.  distilled  water  =  15.5  grains. 

Therefore,  in  7291.2  grains  distilled  water  there  are  as  many  cubic  centi- 
meters as  15.5  goes  into  7291.2. 
15.5)7291.2(470  + 
620 
1091 
1085 
62 
So  it  is  clear  that  there  are  about  470  Cc.  in  one  pint. 

One  other  equivalent  besides  the  five  already  given  had  better 
be  mentioned. 

A  gramme  is  15.5  grains;  what  then  is  the  value  of  a  grain  in  the 
metric  system?    That  point  is  of  value  in  dosage. 

The  dose  of  potassium  bromide  (15-30  grains)  it  is  easy  to  translate 
into  one  to  two  grammes.  But  how  about  strychnine  sulphate  (dose, 
-siTTu  grain)  ? 


36  PRINCIPLES  OF  PHARMACY 

Here  is  where  the  value  of  a  grain  in  milligra7nmes  is  needed. 

1  gramme  =^  1000  milligrammes. 
1  gramme  =  15.5  grains. 
1  grain       =  y^r  gramme. 
Therefore,   1  grain       =  ^^^  x  1000  milligrammes, 

155)10000(64  + 
930 
700 
620 

Accordingly,  one  grain  equals  about  65  milligrammes,  and  the  dose  of  strychnine 
sulphate  is  1  to  2  milligrammes  (^V  X  65;  ^V  X  65). 

WEIGHTS  AND  MEASURES 

The  instruments  used  in  the  pharmaceutic  application  of  metrology 
are  weights  and  measures,  and  the  comparison  of  a  given  substance 
to  the  standard  is  performed  on  an  instrument  called  a  scale  or 
balance. 

The  only  form  of  scale  with  which  the  mass  of  a  substance  is  esti- 
mated by  actual  gravity  is  the  spiral  balance,  which  consists  of  a 
delicate  spring  to  which  is  attached  a  scale  pan,  the  elongation  of  the 
spiral  when  a  weight  is  placed  in  the  pan  being  marked  by  the  descent 
of  an  arrow  attached  to  the  lower  part  of  the  spiral.  This  needle 
moves  against  an  index,  and  the  elongation  of  the  spring  under  influ- 
ence of  gravity  can  be  measured  and  through  this  the  weight  of  the 
body  determined  (Fig.  1). 

The  popular  modification  of  the  same  principle  is  shown  in  the 
common  butcher's  scale  and  ice  scale. 

Pharmaceutic  scales  are  modifications  of  the  principle  of  a  balance 
which  is  an  application  of  the  well-known  mechanical  device,  the 
lever.  The  principle  of  the  lever  is  very  simple,  consisting  of  a  rigid 
bar  and  an  oscillating  point  called  fulcrum,  with  the  power  applied  in 
such  a  way  as  to  raise  or  otherwise  move  a  weight,  this  principle  being 
exemplified  in  the  familiar  illustration  of  a  crowbar  for  raising  heavy 
bodies,  and  acting  on  the  well-known  principle  that  the  power  applied 
to  raise  or  move  a  weight  is  inversely  proportional  to  the  length  of  the 
arms  of  the  lever;  hence,  the  longer  the  arm  on  which  the  power  is 
applied,  the  greater  the  weight  it  can  raise,  and  in  the  same  way  if  the 
fulcrum  is  situated  exactly  midway  between  the  power  and  the  weight, 
these  must  be  exactly  equal  to  produce  a  state  of  equilibrium.  On 
this  principle  the  balance  operates,  the  same  primarily  consisting  of 
a  rigid  bar  oscillating  on  a  central  fulcrum  called  a  knife-edge.  From 
either  end  of  the  bar  are  suspended  pans  on  which  are  placed  respectively 
the  power  and  the  weight;  the  "power"  in  this  case  being  the  standard 
weight  used  in  estimating  the  quantity  of  the  substance.  If  the  central 
knife-edge  is  situated  exactly  midway  between  the  two,  a  standard 
weight  will  be  balanced  by  exactly  the  same  mass  of  substance  desired 
placed  in  the  other  pan;  if,  on  the  other  hand,  the  fulcrum  is  so  placed 
that  one  arm  of  the  beam  is  longer  than  the  other,  a  standard  weight 
placed  in  the  pan  suspended  from  the  longer  arm  will  weigh  as  many 
times  the  amount  of  substance  in  the  pan  placed  on  the  short  arm  as 
the  relative  length  of  the  arms. 
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For  the  purpose  of  studying  pharmaceutic  balances  it  is  convenient 
to  divide  them  into  the  following  four  classes: 

Single  beam  equal  arm  balances. 
Single  beam  unequal  arm  balances. 
Double  beam  unequal  arm  balances. 
Compound  lever  balance. 

SINGLE  BEAM  EQUAL  ARM  BALANCES 

Several  requirements  are  stated  by  authorities  as  essential  to  a 
perfect  prescription  balance,  the  first  being  that  the  point  of  suspension 
should  be  slightly  above  the  center  of  gravity.  By  the  center  of  gravity 
is  meant  the  point  on  which  a  given  object  will  oscillate  absolutely 
freely:  that  point  at  which  the  weight  of  an  oscillating  body  is  exactly 
compensated  in  every  direction. 

To  place  the  central  knife-edge  exactly  at  this  point  is  to  make  the 
balance  so  sensitive  that  time  is  lost  in  attempting  to  bring  the  beam 
into  a  state  of  rest. 

To  place  the  knife-edge  below  the  center  of  gravity  means  that 
abnormal  condition  wherein  there  is  a  greater  weight  above  the  point 
of  suspension  than  below,  with  the  result  that,  at  the  first  opportunity, 
the  heavy  part  above  will  endeavor  to  invert  itself. 

Second,  the  end  knife-edges  should  be  equidistant  from  the  center,  and 
all  three  should  be  on  the  same  plane  and  parallel  to  one  another. 

_v_. 

Fig.  2. — Position  of  knife-edges. 

It  is  self-evident  that  if  the  beam  is  of  exactly  the  same  weight 
throughout,  and  an  equal  arm  balance  is  desired,  that  condition  can 
be  obtained  only  by  having  one  end  knife-edge  exactly  the  same  dis- 
tance from  the  central  as  the  other.  As  the  end  knife-edges  are  usually 
inverted  in  relation  to  the  central  knife-edge,  the  effect  of  placing  these 
knife-edges  on  the  same  plane  is  shown  in  the  appended  sketch  (Fig.  2). 

Third,  the  beam  should  be  of  inflexible  and  light  material. 

The  lighter  the  beam,  the  less  friction  does  it  exert  on  the  central 
knife-edge,  hence  a  dictum  in  successful  scale  manufacturing  is  to  make 
the  frame  as  light  as  possible  without  sacrificing  rigidity. 

The  knife-edges  in  ordinary  prescription  balances  are  of  hard 
polished  steel,  but  as  that  metal  is  liable  to  rust  from  contact  with  moist 
air,  and  since  every  particle  of  rust  will  increase  the  friction,  rusted 
knife-edges  oscillate  less  freely.  In  the  finer  forms  of  balance  this 
impediment  to  free  oscillation  is  prevented  by  making  the  tips  of  the 
knife-edges  of  agate,  which  does  not  rust. 

Not  desiring  to  fill  this  work  with  an  excess  of  pictures  which  can 
be  found  in  any  catalogue  of  a  manufacturer  of  pharmaceutic  apparatus, 
only  typical  cases  of  the  several  forms  of  balances  will  be  given. 

Testing  the  Balance. — The  testing  of  a  balance  to  see  whether 
the  above  requirements  are  met  with  is  quite  a  simple  matter.  Thus, 
if  a  scale  is  sold  as  being  sensitive  to  a  certain  weight,  say  yott  grain, 
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it  should  show  its  sensitiveness  when  such  a  weight  is  placed  on  a  scale 
alone,  and  also  when  the  scale  is  burdened  with  its  limit  of  weight. 

If  the  arms  of  the  balance  are  exactly  equal,  the  state  of  equilibrium 
produced  by  putting  a  hundred  gramme  weight  on  either  pan  should 
remain  the  same  if  these  weights  are  exchanged. 


Holding  hand  scale. 


If  the  knife-edges  are  balanced,  moving  the  weights  to  various  parts 
of  the  scale  pans  will  have  no  effect  on  the  equilibrium  of  the  balance. 

Hand  Scales. — The  simplest  form  of  single  beam  equal  arm  bal- 
ance consists  of  a  beam  with  pan  suspended  on  either  end,  the  beam 
itself  hanging  from  a  ring  held  by  the  hand.     In  using  a  hand  scale, 


Fig.  4. — Prescription  balance:    a,  Lever  for  raising  beam;  h,  leveling  screw;    c,  adjusting 
button;  d,  index  needle;  e,  index. 

the  ring  from  which  the  beam  is  suspended  should  be  placed  on  the 
first  finger  of  the  left  hand,  leaving  the  thumb  and  second  finger  to 
prevent  too  great  oscillation  of  the.  index  (Fig.  3) . 

Prescription  Balance. — In  this  balance  the  beam  is  not  suspended 
from  the  hand,  but  oscillates  on  a  rigid  upright  column  of  brass  through 
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the  center  of  which  passes  a  lever  by  which  the  beam  can  be  raised  for 
oscillation,  and  lowered  in  a  state  of  rest,  at  which  time  the  knife-edges 
are  not  in  contact  with  the  oscillating  surface,  hence  useless  friction  is 
avoided.  The  entire  apparatus  is  inclosed  in  an  appropriate  glass 
case  (Fig.  4). 

In  purchasing  a  prescription  balance  it  is  highly  advisable  to  secure 
one  which  has  a  spirit-level  and  is  provided  with  leveling  screws,  since 
to  obtain  accurate  results  in  weighing  it  is  essential  that  the  balance 
be  perfectly  level. 


Fig.  5. — Army  prescription  scale  (folded). 

After  continued  use  it  will  be  found  that  the  weight  of  the  two 
arms  may  vary,  and  thus  throw  the  balance  out  of  equilibrium,  and  to 
remedy  this,  the  better  forms  of  such  balances  have  a  beam  on  each 
end  of  which  are  buttons  which  move  freely  up  and  down  a  screw, 
thus  making  it  easy  to  attain  equilibrium. 

Attached  to  the  beam  near  the  central  knife-edge  is  the  metallic 
needle,  which,  by  its  oscillation  against  the  scale,  shows  when  equilibrium 
is  reached.  This  is  attained  when  the  needle,  after  oscillating,  comes 
to  rest  at  the  point  on  the  index  directly  beneath  the  point  of  suspen- 
sion. To  wait  until  a  delicate  balance 
ceases  oscillating  is  a  tedious  operation, 
and  therefore  the  pharmacist  and  chemist 
have  recourse  to  the  method  known  as 
reading  the  zero  point,  explained  under 
the  analytic  balance. 

Army  prescription  balance  is  an  ex- 
ceedingly simple  and  convenient  form  of 
single  beam  equal  arm  balance,  but  not 
of  sufficient  accuracy  to  warrant  general 
use  in  pharmacy.  As  suggested  by  the 
name,  it  is  primarily  intended  for  use 
by  army  surgeons  and  others  who  move 
from  place  to  place,  being  of  such  manufacture  that  it  can  be  easily 
dismantled  and  carried  around  in  the  drawer  (Figs.  5  and  6). 

Analytic  Balance. — Merely  a  refined  modification  of  the  prescrip- 
tion balance.  While  the  latter  is  sensitive  to  ^V  grain,  the  analytic 
balance  is  sensitive  to  ^  milligramme,  or  y  aVrr  grain.  In  the  analytic 
balance  the  beam  is  usually  of  aluminum,  while  the  knife-edges  are 
invariably  tipped  with  agate. 

For  weighing  a  smaller  quantity  than  a  centigramme  recourse  is 
had  to  a  rider  weight.  The  rider,  which  usually  weighs  a  centigramme, 
is  so  shaped  as  to  straddle  the  beam,  and  therefore  when  placed  on  the 
beam,  exactly  over  the  end  knife-edge,  it  will  exert  the  weight  of  a 
centigramme.     The  distance  on  the  beam  from  the  end  knife-edge  to 


Fig.  6. — Army  prescription  scale. 
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the  central  knife-edge  is  divided  exactly  into  a  hundred  parts,  and  up 
and  down  the  beam  on  the  scale  the  rider  can  be  moved.     Following 


Fig.  7. — Analjrtic  balance:     a,  Graduate  beam;  b,  rider;  c,  adjusting  buttons;  d,  index 

needle;  e,  index  scale. 

the  principle  of  the  lever,  weights  which  will  exert  on  the  opposite 
scale  pan,  the  force  of  1  centigramme  when  placed  exactly  over  the  end 


Fig.  8. — Marble  counter  balances. 

knife-edge,  will  exert  the  force  of  but  ^  centigramme  if  moved  half 
way  up  toward  the  central  knife-edge,  and  will  exert  the  force  of  but 
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j\  centigramme  if  moved  nine-tenths  of  the  way  up  toward  the  central 
knife-edge.  The  beam  being  divided  into  exactly  100  equal  parts,  the 
rider  can  be  placed  at  any  of  these  marks,  and  thus  can  be  obtained 
on  the  other  scale  pan  any  part  of  ywu  centigramme  or  j^^  milligramme 

(Fig.  7).  ; 

Reading  Zero. — Time  is  saved  in  estimating  equilibrium  by  watch- 
ing the  oscillation  of  the  needle  against  the  index  mentioned  under 
prescription  balances.  The  index  scale  on  the  analytic  balance  is 
usually  divided  into  twenty  equal  lines,  ten  on  either  side  of  the  line 
exactly  below  the  point  of  suspension. 

We  set  the  beam  in  oscillation,  when  the  needle  will  move  to  the 
left,  say  five  lines,  and  then,  if  the  beam  is  in  equilibrium,  the  needle 
will  move  back  to  exactly  the  fifth  line  on  the  right.  On  the  return 
the  needle  will  go  to  almost  the  fifth  line  to  the  left.  If,  however,  the 
index  moves  to  the  fifth  line  to  the  left  and  then  returns  to  the  second 
line  to  the  right,  it  would  indicate  that  the  right  beam  was  heavier 
than  the  left  beam,  and  equilibrium  must  be  restored  by  moving  a  button 
at  the  end  of  that  beam. 

The  careful  estimation  of  weight  by  this  means  is  called  "interpo- 
lation," full  details  of  which  can  be  found  in  text-books  on  advanced 
physics. 

A  large  form  of  single  beam  equal  arm  balance  is  found  in  the 
old-fashioned  counter  balance  shown  in  Fig.  8. 

SINGLE  BEAM  UNEQUAL  ARM  BALANCE 

In  this  form  of  balance  the  beam,  from  which  is  suspended  the 
weight,  is  usually  two  to  ten  times  as  long  as  the  beam  to  which  is 
attached  the  pan  on  which  the  substance  is  to  be  weighed.  Thus  the 
principle  of  action,  as  cited  above,  is 
that  the  standard  weight  is  to  the 
substance  to  be  weighed  as  the 
length  of  the  short  arm  is  to  the 
length  of  the  long  arm.  Thus,  on 
such  a  balance,  in  which  the  relative 
length  is  one  to  ten,  a  weight  of  one 
pound  placed  on  the  end  of  the  long 
arm  exerts  a  weight  of  ten  pounds 
placed  at  the  end  of  the  short  arm, 
and  in  such  balance  the  weight  is 
usually  suspended  directly  from  the 
beam,  which  is  accurately  divided 
into  100  parts  as  the  beam  of  the 
analytic  balance,  the  weight  serving 
in  this  case  the  same  purpose  as  the  Fig.  9.— Chasiyn  balance, 

rider  in  the  analytic  balance. 

An  interesting  type  of  such  balance  is  found  in  the  Chasiyn  balance 
(Fig.  9). 

DOUBLE  BEAM  UNEQUAL  ARM  BALANCE 

This  balance  is  a  modification  of  the  preceding  one,  it  being  found 
convenient  in  many  cases  to  have  two  beams  instead  of  one,  so  as  to 
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handle  two  weights.     Such  a  balance  is  particularly  convenient  when 


Fig.  10. — Troemner's  ball  scale. 

it  is  desired  to  know  the  tare  of  a  utensil  into  which  the  weighed  sub- 
stance is  to  be  placed  (Fig.  10). 

COMPOUND  LEVER  BALANCE 

In  this  balance  we  find  a  series  of  levers  replacing  the  single  or 
double  beam  hitherto  discussed,  one  lever  acting  on  another.  The 
more  points  of  contact,  the  more  the  friction,  and  therefore  such  forms 


Fig.  11. — Troemner's  glass  box  scale. 

of  balances  are,  as  a  rule,  less  accurate  than  the  single  beam;  however, 
they  are  more  durable,  and,  as  a  rule,  weigh  more  quickly.     Such  a 
form  of  balance  is  seen  in  the  usual  box  counter  scale  and  the  box  pre- 
scription scale  (Figs.  11  and  12). 

In  both  cases  the  levers  are  so 
arranged  that  a  weight  placed  on  a 
scale  is  exactly  compensated  by  the 
same  weight  on  the  other  beam, 
hence  to  all  intents  and  purposes 
the  principle  of  action  is  the  same 
as  that  of  the  single  beam  balance. 
A  modification  of  the  compound 
lever  balance  is  seen  in  the  ordinary 
platform  scale  intended  for  weigh- 
ing very  heavy  articles.  In  such 
cases  the  handling  of  weights  equal 
to  the  mass  of  substance  to  be 
weighed  would  entail  vast  labor,  so 
such  compound  lever  balances  are 
constructed  on  the  principle  of  unequal  beam  balances,  consisting 
primarily  of  two  levers,  on  each  of  which  the  power  is  multiplied  by 
ten.     In  such  a  balance  the  weight  of  one  pound  placed  on  the  first 


Fig.  12. — Troemner's  prescription  scales. 
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lever  exerts  on  the  end  of  the  second  lever  a  force  of  ten  pounds,  and 
this  force  of  ten  pounds  produces  a  force  of  100  pounds  on  the  end  of 
the  second  lever  on  which  the  platform  rests;  hence  on  such  platform 
scale  a  one-pound  weight  placed  on  the  end  of  the  index  arm  will  exert 
the  force  of  100  pounds  on  the  platform. 


13. — Torsion  balance. 


Torsion  Balance. — As  cited  above,  the  chief  objection  to  steel 
knife-edges  is  that  when  they  rust,  the  friction  is  increased,  with  a 
corresponding  loss  of  sensibility.  This  is  obviated  by  the  use  of  agate 
knife-edges,  but  that  materially  increases  the  cost  of  the  apparatus 
(Fig.  13). 


Fig.  14. — Effect  of  torsion. 

In  the  torsion  balance  knife-edges  are  dispensed  with  and,  instead, 
the  beam  oscillates  on  a  tightly  drawn  and  twisted  wire  (Fig.  14). 


CARE  OF  THE  BALANCE 

In  the  balance  we  have  the  most  accurate  physical  instrument  that 
has  been  devised,  and  also  one  which,  under  reasonable  treatment, 
will  last  many  years.  In  that  event,  however,  due  care  must  be  taken 
to  protect  the  balance  from  injury,  and  among  the  several  points 
which  must  be  enumerated  are  these: 

First,  the  balance  Bhould  be  kept  permanently  in  a  dry  room,  the 
temperature  of  which  is  as  even  as  possible,  and  protected  from  any 
acid  or  corroding  vapors.  In  case  it  is  necessary  to  weigh  a  fuming 
liquid,  such  as  nitric  acid,  it  should  be  placed  in  a  well-stoppered 
bottle  while  weighing. 

Second,  such  suggestions  as  not  placing  the  substance  to  be  weighed 
directly  on  the  metallic  pans,  and  keeping  the  pans  free  from  all  mois- 
ture, seem  unnecessary  to  one  who  appreciates  the  value  of  a  balance, 
and  convenient  for  accomplishing  these  results  are  the  movable  glass 
scale  pans  which  can  be  purchased  from  any  scale  manufacturer. 

Two  other  rules  should  be  rigidly  enforced  by  the  owner  of  the 
balance. 
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Third,  weights  should  never  be  left  on  the  balance,  and,  whenever 
possible,  should  be  transferred  to  the  balance  by  means  of  pincers. 

Fourth,  under  no  circumstances  should  the  balance  be  left  to 
oscillate  after  weighing  is  finished,  and  during  the  weighing  it  should 
be  brought  to  a  state  of  rest  whenever  new  weights  or  a  new  substance 
is  being  placed  thereon. 

WEIGHTS 

The  weights  used  on  scales  and  balances  are  composed  of  iron, 
brass,  or  aluminum,  and  of  such  shape  as  convenience  suggests.  Thus, 
the  cheap  avoirdupois  weights  are  made  of  iron,  while  those  finer  are 
composed  of  brass,  and  the  more  expensive  are  nickel  plated,  and 
their  shapes  are  usually  those  shown  in  Fig.  15. 

The  troy  weights  are  usually  made  in  sets  nested,  each  weight, 
therefore,  being  a  cup  inclosing  all  the  weights  of  smaller  denomina- 
tions than  itself,  the  smallest,  usually  {  troy  ounce,  being  solid,  and 
fitting  in  a  cup-shaped  weight  of  the  same  denomination  (Fig.  16). 


Fig.  15. — Brass  block  weights.  Fig.  16. — Troy  cup  weights  (solid  brass). 

As  the  avoirdupois  weights,  so  the  metric  are  composed  of  iron  or 
brass;  fine  analytic  metric  weights  are  sometimes  gold-plated  brass 
and  are  sometimes  platinum  coated. 

In  purchasing  avoirdupois  and  metric  weights  it  is  usually  wisest 
to  choose  such  as  are  arranged  in  a  block.  A  very  convenient  form  of 
such  block  is  made  of  cast  iron,  the  objection  to  wooden  blocks  being 
that  they  frequently  swell,  rendering  it  difficult  to  remove  the  weights. 

The  metric  analytic  weights  should  be  in  a  fine  wooden  box,  the 
depressions  in  which  the  weights  rest  being  lined  with  velvet,  serving 
the  double  purpose  of  keeping  the  weights  from  being  scratched  and 
preventing  them  being  held  fast  by  the  swelling  of  the  wood.  The 
denominations  under  one  gramme  are  made  of  sheet  platinum. 

For  dispensing  purposes  troy  weights  are  used,  the  denominations 
under  ten  grains  being  made  of  aluminum,  either  in  sheets  or  in  the 
form  of  wire,  the  latter  being  bent  into  as  many  sides  as  the  weights 
have  grains. 

MEASURES 

In  pharmacy  the  larger  measures,  gallons,  quarts,  etc.,  are  not 
often  used,  although  reliable  measures  of  these  sizes  should  be  found  in 
every  well-regulated  pharmacy.  These  are  made  of  brass,  tinned 
iron,  or  enameled  iron. 

Indispensable  in  the  prescription  department  are  graduates  or 
measures,  from  a  pint  down,  made  of  glass,  with  the  subdivisions  of 
the  unit  marked  on  the  sides  (Fig.  17).  The  graduation  of  these 
measures  is  performed  in  two  ways:  in  one  the  plunger  used  in  making 
the  utensils  out  of  the  molten  glass  is  graduated;  thus  the  finished 
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graduate  is  produced  in  one  operation.     More  popular,  however,  are 
those  in  which  the  graduating  is  done  by  hand,  the  quantity  of  liquid 


Fig.  17. — Eight-ounce  graduate. 


Fig.  18. — Squibb's  minim  pipettes. 


being  poured  into  the  ungraduated  vessel  from  a  burette,  and  this  quan- 
tity of  liquid  is  carefully  marked,  the  finishing  of  the  graduate  being 
done  by  the  engraver. 


Fig.  19.— Liter  flask. 


Fig.  20.— Volu-      Fig.  21.— Burette, 
metric  pipette. 


Fig.  22. — Meniscus 
(SoIImann). 


The  subdivisions  of  graduations  are  into  drachms  and  minims  in 
ordinary  graduates,  and  into  cubic  centimeters  in  the  metric. 


46 


PRINCIPLES  OF  PHARMACY 


The  minim  graduate,  however,  is  far  from  being  reliable,  as  a  large 
amount  of  the  liquid  is  retained  by  capillarity  of  the  glass  vessel,  and, 
therefore,  for  measuring  minute  quantities,  a  pipette  should  be  used. 
Such  pipettes,  graduated  to  minims,  were  put  on  the  market  by  Dr.  E.  R. 
Squibb  (Fig.  18),  and  are  more  reliable  not  merely  by  reason  of  the 
dispensing  of  the  full  quantity  of  the  liquid,  but,  being  narrower  than 
a  graduate  of  equal  capacity,  there  is  less  chance  for  error  in  pouring 
more  or  less  of  the  liquid  into  the  utensil;  the  narrower  the  graduate, 
the  more  accurate  can  the  quantity  desired  be  determined. 

In  this  way,  for  delicate  analytic  work,  a  liter  graduate  is  rarely 
used,  there  being  substituted  for  same  a  flask  of  such  size  that  when 
filled  with  a  liter  of  water  the  water  rises  within  the  narrow  neck  of 
the   flask.     Such   liter   flask  is   used   chiefly  in   volumetric   analysis, 

liquids  being  delivered  and  measured 
from  same  by  means  of  pipettes  (Fig. 
20)  and  by  burettes  (Fig.  21). 

In  both  cases  the  liquid  is  meas- 
ured within  a  narrow  tube,  hence 
based  on  the  same  principle  as  the 
liter  bottle  (Fig.  19). 

In  placing  liquids  in  a  compara- 
tively small  utensil,  like  a  burette, 
it  wiU  be  observed  that,  through 
capillarity,  the  liquid  is  attracted  to 
the  sides  of  the  vessel,  thus  mak- 
ing an  edge  which  it  is  sometimes 
difficult  to  read;  such  an  edge  is 
called  a  "meniscus,"  and  in  reading 
the  quantity  of  the  liquid,  the  line 
representing  the  quantity  should  be 
exactly  in  the  center  of  the  meniscus 
(Fig.  22). 

It  IS  hardly  necessary  to  state  that  in  measuring  liquids  in  a  graduate 
the  latter  should  be  held  perfectly  level  and  the  line  representing  the 
desired  quantity  even  with  the  eye  (Fig.  23). 


Fig.  23. — Pouring  into  graduate. 


CHAPTER   III 

SPEOnC  GRAVITY 

In  Chapter  II  care  was  taken  to  mention  that  455.7  grains  was  the 
weight  of  a  fluidounce  of  distilled  water.  Why  distilled  water?  Would 
it  not  be  the  weight  of  a  fluidounce  of  chloroform  as  well?  Common 
sense  teaches  that  "some  liquids  are  heavier  than  others,"  as  we  put 
it — that  chloroform  is  heavier  than  water.  A  fluidounce  of  chloroform 
weighs  678.9  grains,  against  455.7  grains,  the  weight  of  the  same  volume 
of  water.     Accordingly,  we  see  that  chloroform  is  nearly  one  and  one- 
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half  times  heavier  than  water.  That  gives  the  idea  of  specific  gravity, 
the  definition  of  which  can  be  given  as  the  relative  weight  of  equal  bulks 
of  different  bodies,  adding  thereto  the  provision  that,  for  solids  and 
liquids,  the  unit  of  specific  gravity  is  distilled  water. 

Now,  to  go  back  to  our  chloroform  example:  the  volume,  the  bulk, 
the  capacity  of  that  one-ounce  graduate  remains  the  same  whether 
it  contains  water  or  chloroform.  Therefore  a  fluidounce — be  it  of 
water  or  of  chloroform — represents  ''equal  bulk."  The  respective 
weights  of  a  fluidounce  of  the  two  liquids  is  "relative  weight,"  and, 
reducing  to  unity,  the  specific  gravity  is  obtained. 

Instead  of  the  term  specific  gravity,  the  word  "density"  is  the 
more  happy  choice,  since  the  term  "specific  gravity"  suggests  the 
gravitating  force  of  the  earth,  which  has  only  indirect  connection  with 
the  subject. 

The  estimation  of  the  specific  gravity  of  various  substances  is  of 
value,  first,  as  the  indication  of  purity  or  strength  of  the  substance, 
and,  second,  through  the  data  thus  afforded  we  can  estimate  the 
volume  of  the  substance,  while  in  a  minor  degree  it  is  sometimes  of 
service  in  the  diagnosis  of  disease. 

The  first  application  of  density  given  above  can  be  best  explained 
by  a  simple  illustration,  thus:  The  average  92  per  cent,  sulphuric  acid 
has  a  specific  gravity  of  1.834;  in  other  words,  is  1.8  times  heavier  than 
water.  If  this  acid  is  mixed  with  water,  the  density  of  the  liquid  will 
vary  to  somewhere  between  1.834  and  1.000,  and,  indeed,  varies  in 
proportion  to  the  amount  of  water  added. 

In  the  same  way  official^^per  cent,  alcohol  has  a  specific  gravity  of 
0.820,  and  is,  therefore,  O.S^times  as  heavy  as  water.  If  such  alcohol 
be  mixed  with  water,  the  specific  gravity  of  the  liquid  will  rise  to  some 
point  between  0.820  and  1.000,  and,  indeed,  in  proportion  to  the  amount 
of  water  added;  hence  by  taking  the  specific  gravity  of  such  liquid, 
we  can  estimate  the  exact  strength  of  the  liquid.  Tables  of  this  char- 
acter have  been  carefully  worked  out,  and  are  found  in  the  pharma- 
copoeia. 

The  other  two  uses  of  specific  gravity  being  of  minor  importance, 
will  be  discussed  in  the  appropriate  place. 

Estimation  of  the  density  of  a  body  differs  according  as  the  sub- 
stance is  solid  or  liquid,  and  since,  by  the  explanation  given  above, 
the  specific  gravity  of  liquids  becomes  simple,  we  will  first  discuss  the 
estimation  of  the  specific  gravity  of  liquids;  afterward,  that  of  solids. 

There  are  several  ways  of  estimation  of  the  specific  gravity  of 
liquids:  (a)  By  use  of  pyknometer  or  specific  gravity  bottle;  (6)  with 
the  hydrometer;  (c)  with  the  Mohr-Westphal  balance;  (d)  with  Lovi's 
beads;  (e)  with  the  Jolly  spiral  balance. 

ESTIMATION  OF  SPECIFIC  GRAVITY  OF  LIQUIDS 

With  the  Pyknometer. — As  mentioned  above,  the  estimation  of 
the  specific  gravity  of  a  liquid  is  rendered  simple  because  of  the  ease 
with  which  the  weight  of  a  bulk  of  given  liquid  can  be  compared  to  the 
weight  of  an  equal  bulk  of  water.  Thus,  in  the  simplest  methods  of 
estimation  all  that  is  necessary  is  to  estimate  the  weight  of  a  fluidounce 
of  water  in  a  graduate,  then  pour  out  the  water,  dry  the  graduate, 
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pouring  in  the  same  measure  of  the  liquid,  the  specific  gravity  of  which 
is  desired,  weighing  same,  and  then  comparing  the  weight  of  the  fluid- 
ounce  of  water  with  the  weight  of  the  fluidounce  of  liquid.  As  many- 
times  heavier  as  is  the  weight  of  the  fluidounce  of  the  liquid  than  the 
weight  of  the  fluidounce  of  water,  so  many  times  heavier  is  that  liquid 
than  water,  which  figure  represents  the  specific  gravity.  The  inaccur- 
acies of  this  method  of  estimation  are  due  to  the  same  causes  as  any 
inaccuracy  in  the  measurement  of  liquids  by  means  of  the  graduate, 
as  mentioned  in  the  preceding 
chapter,  viz.,  the  uncertainty  in 
reading  an  exact  volume  of  a 
liquid  when  placed  in  as  wide  a 
vessel  as  a  graduate;  hence,  in 
order  to  obtain  accurate  results, 
we  generally  weigh  the  liquid, 
the  weight  of  which  is  to  be  com- 
pared to  the  weight  of  an  equal 


Fig.  24. — Pyknometer. 


Fig.  25. — Squibb's  pyknometer. 


bulk  of  water,  in  a  flask  called  a  pyknometer,  two  modifications  of  which 
are  shown  in  Figs.  24  and  25. 

The  only  advantage  a  pyknometer  (or  specific  gravity  bottle)  has 
over  the  graduate  method  just  given  is  its  greater  accuracy.  By 
tilting  a  graduate  in  measuring  it  is  very  easy  to  get  a  little  more  or 
a  little  less  than  the  quantity  desired,  and  every  grain  counts  in  estimat- 
ing specific  gravity. 

In  glancing  at  the  narrow  neck  of  the  pyknometer  it  can  be  seen  how 
the  danger  of  incorrect  readings  is  lessened.  Then,  too,  the  pyknom- 
eters  usually  hold  1000  grains  or  100  grammes,  which  renders  long 
division  unnecessary.  If  a  1000-grain  bottle  holds  1500  grains  of  a 
certain  liquid,  it  is  obvious  that  the  specific  gravity  of  that  liquid  is  1.50. 

In  both  cases  the  possible  variation  in  the  volume  of  the  liquid 
when  manipulated  by  a  person  of  ordinary  intelligence  is  practically 
nil. 

The  method  of  estimating  specific  gravity  by  means  of  the  pyknom- 
eter is  by  all  odds  the  most  accurate  means  at  our  disposal,  but  the 
process  is  one  requiring  considerable  time.  To  facilitate  more  rapid 
reading  other  instruments  have  been  devised,  most  useful  of  which  is 
the  hydrometer. 

The  Hydrometer. — As  to  the  principle  of  a  hydrometer,  if  asked 
in  which  fluid  one  could  float  better,  in  fresh  or  in  salt  water,  the  instant 
answer  would  be  in  salt  water.  Why?  Simply  because  salt  water, 
being  heavier,  buoys  one  up  more.  And,  following  the  rule,  the  heavier 
the  liquid,  the  more  it  will  buoy  a  body  up,  and,  indeed,  proportionally. 
To  prove  this  may  be  cited  that  while  a  piece  of  iron  will  sink  in  water, 
on  mercury  it  wUl  float  around  like  a  chip  in  water.     Why?    Simply 
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because  while  iron  is  eight  times  heavier  than  water,  mercury  is  thirteen 
times  heavier,  and  the  lighter  iron  will  float  on  the  heavier  mercury. 

The  hydrometer  consists  of  a  glass  tube  at  the  base  of  which  two 
bulbs  are  blown,  one  containing  enough  shot  or  mercury  to  enable  it 
to  obtain  an  upright  position  when  immersed  in  water,  and  the  other 
and  upper  one  filled  with  air  (Fig.  26).  According  to  the  theorem  of 
Archimedes,  a  body  when  immersed  in  water  loses  as  much  weight  as 
the  weight  of  the  water  it  displaces,  that  is,  a  body  displaces  its  own 
weight  of  a  liquid  and,  accordingly  as  the  liquid  is  lighter 
or  heavier  than  water,  so  does  the  hydrometer  sink  or  rise 
when  immersed  in  same. 

There  are  two  classes  of  hydrometers,  in  one  of  which 
the  weight  of  the  hydrometer  remains  the  same,  whereas 
the  point  at  which  it  floats  varies  accordingly  as  the 
liquid  is  lighter  or  heavier,  and  the  other  form,  which  is 
designed  to  float  always  at  the  same  point  in  a  liquid, 
which  feat  is  accomplished  by  weighting  down  the  hydrom- 
eter when  immersed  in  a  heavy  liquid,  i.  e.,  by  meeting 
the  buoyancy  of  the  heavy  liquid  by  adding  weights  in  a 
pan  at  the  top  of  a  floating  instrument. 

Of  the  first  class,  we  have  such  well-known  hydrometers 
as  Baum^'s  and  Daniel's,  while  on  the  principle  of  the 
second  type  are  based  the  Nicholson,  Fahrenheit,  and  the 
Mohr  specific  gravity  balance. 


Baum4's  Hydrometer. — The  sketch  and  explanation  on 
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preceding  page  explain  the  construction  of   the    above- 
named  hydrometer,  except  details  as  to  its  graduation. 

In  constructing  the  hydrometer,  it  was  early  noted 
that  such  an  instrument  designed  to  measure  accurately 
the  specific  gravity  of  the  commonly  known  liquids,  rang- 
ing, say,  from  ether  (0.720)  to  bromine  (3.000),  would  of 
necessity  be  so  long  as  to  be  inconvenient. 

Baum6,  at  the  outset,  made  two  forms  of  this  hydrom- 
eter, one  for  liquids  heavier  than  water,  and  one  for 
liquids  lighter  than  water.  The  one  for  heavier  liquids  is  h  Urometer 
graduated  by  weighting  same  with  sufficient  shot  so  that  it  (schematic), 
would  be  almost  completely  immersed  in  water,  and  the 
point  which  was  in  contact  with  the  surface  of  the  water  was  marked  or 
denominated  zero.  He  then  immersed  this  instrument  in  a  15  per  cent, 
solution  of  common  salt,  whereupon,  by  reason  of  the  superior  buoyant 
force  of  this  liquid  over  water,  the  hydrometer  was  pushed  up  and  the 
point  of  contact  of  the  hydrometer  with  the  surface  of  the  salt  solu- 
tion was  marked  off  and  denominated  15,  and  the  space  between  the 
zero  mark  and  15  accurately  divided  into  15  spaces  (provided  always 
that  the  circumference  of  the  tube  was  the  same  all  along  its  length). 

The  remainder  of  the  tube  was  divided  into  spaces  equal  to  the 
15  spaces  between  the  water  contact  and  the  solution  of  salt  contact, 
and  this  marking  was  arbitrarily  denominated  "degrees  Baum6  heavy." 

In  a  similar  manner  was  the  hydrometer  for  lighter  liquids  con- 
structed, this  hydrometer  being  weighted  so  as  to  float  in  a  10  per  cent, 
solution  of  salt  at  a  point  very  near  the  base  of  the  tube,  and  this 
point  was  marked  zero. 
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It  was  then  jfloated  in  water,  when  it  naturally  sank,  and  the  place 
of  contact  with  the  surface  of  the  water  was  marked  10,  and  the  spaces 
between  the  water  contact  and  the  salt  contact  divided  into  10  equal 
spaces,  which  spacing  was  continued  up  to  the  length  of  the  tube,  and 
in  turn  designated  "degrees  Baume  light."  Thus  were  the  original 
Baum6  hydrometers  constructed,  but  at  present  they  are  standardized 
by  dipping  the  hydrometer  in  water  and  then  into  a  standard  liquid 
(concentrated  sulphuric  acid  for  the  "heavy"  hydrometer;  ether  for 
the  "light"  one),  marking  the  floating  point,  the  "degree  Baum§" 
corresponding  to  the  specific  gravity  of  the  standard  liquid,  and  then 
subdividing  the  space  between  the  floating  point  in  water  and  in  the 
standard  liquid  into  the  number  of  uniform  spaces  equal  to  the  differ- 
ence in  "degrees"  between  water  and  the  standard  liquid. 

This  description  shows  how  exceedingly  arbitrary  and  confusing 
was  the  Baum§  marking,  for  not  only  have  we  "degrees"  which  in 
themselves  signify  nothing,  but  we  have  "degrees  Baume  light"  and 
"degrees  Baume  heavy."  Thus,  when  the  statement  is  made  that 
the  specific  gravity  of  the  liquid  is  15°  Baume,  the  first  thing  that  we 
must  find  out  is  whether  a  light  or  a  heavy  hydrometer  was  used,  and, 
what  is  more  unfortunate  concerning  this  Baum^  marking,  is  the  fact 
that  it  is  practically  universally  used  in  commerce  where  heavy  chemicals 
are  bought  and  sold  by  degrees  Baume  rather  than  by  their  actual 
specific  gravity. 

It  therefore  behooves  every  retail  pharmacist  to  be  able  to  convert  degrees 
Baum6  into  specific  gravity  rapidly,  which  can  be  easily  done  by  using  the  following 
factors: 

To  convert  heavy  degrees  Baum6  into  specific  gravity: 

145 

Thus   20°  B.  heavy  = 

145  145  ,  _ 

or  -—-   or    1.16. 


145-20         125 

To  convert  light  degrees  Baum6  into  specific  gravity,  use  the  following  factors: 

140 
l30+ ^  =  «P-  gr- 

Thus  20°  Baum^  light  = 

140  140 


130+20        150 


=  0.933. 


Aside  from  these  general  features  of  the  hydrometer  we  find  modifica- 
tions of  the  hydrometer  especially  adapted  for  taking  the  specific 
gravity  of  certain  liquids;  thus  we  have  the  alcoholometer  for  estimating 
the  strength  of  alcohol  through  the  specific  gravity.  Usually,  the 
marking  of  this  form  of  hydrometer  is  not  in  terms  of  specific  gravity, 
but  in  the  actual  percentage  of  alcohol.  In  the  same  way  we  have 
the  lactometer  for  estimating  the  strength  and  density  of  milk;  the 
saccharimeter  for  estimating  density  of  syrups;  and  the  urinometer 
for  estimating  the  density  of  urine. 

Urine  differs  in  specific  gravity  from  1.010  to  1.070,  and  since  the 
instrument  is  very  small,  the  marking  is  from  10  to  70  instead  of  the 
actual  specific  gravity,  as  stated  above. 
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The  best  form  of  urinometer  shown  in  Fig.  27  was  devised  by  Dr.  E. 
R.  Squibb. 

Nicholson's  Hydrometer. — This  apparatus  is  of  scientific  interest 
because  its  principle  of  action  differs  from  that  of  the  hydrometers 
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Fig.  27. — Squibb' s  urinometer. 


Fig.  28. — Nicholson's  hydrometer. 


just  considered  by  being  arranged  to  operate  at  a  constant  level,  but 
with  varying  weight.  Such  a  hydrometer  has  but  one  mark  on  tube, 
and  is  made  to  float  in  all  liquids  at  this  point  by 
adding  or  taking  away  weights  from  the  pan,  as 
shown  in  Fig.  28. 

On  account  of  the  inconvenience  of  using  it, 
this  hydrometer  is  practically  limited  to  lecture 
counter  demonstration,  though  at  least  two  modi- 
fications of  same  principle  are  found  very  useful 
forms  of  specific  gravity  apparatus. 

The  first  of  these  is  Rousseau's  densimeter, 
shown  in  Fig.  29,  in  which  the  scale  pan 
of  the  Nicholson  hydrometer  is  replaced  by 
a  small  cup,  and  into  this  cup  is  poured  the 
liquid  the  specific  gravity  of  which  is  desired, 
while  the  instrument  itself  is  floated  in  water. 
From  the  depth  to  which  the  standard  amount 
of  liquid  sinks  the  hydrometer,  the  specific  gravity 
of  the  liquid  can  be  deduced.  The  prime  value 
of  Rousseau's  densimeter  is  to  take  the  specific 
gravity  of  liquids  which  are  either  very  costly  or 
so  rare  that  a  larger  quantity,  such  as  is  necessary 
for  a  pyknometer  or  a  hydrometer,  is  not  obtain- 
able. 

The  Mohr-Westphal  Balance. — In  this  balance, 
as  .  in  the  Nicholson  hydrometer,  the  specific 
gravity  is  estimated  by  the  floating  of  a  weighted 

cylinder  which  is  kept  at  a  constant  level  by  means  of  applying  weights. 
The  balance  as  shown  (Fig.  30)  is  far  more  convenient  to  handle  than  the 
Nicholson,  inasmuch  as  the  floating  cylinder  is  permanently  attached 
to  the  end  of  the  scale  beam,  and  a  constant  level  maintained  by  keeping 


Fig.  29. — Rousseau  den- 
simeter. 
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the  balance  in  equilibrium.  In  making  such  a  balance  a  cylinder  is 
made  out  of  small  glass  tube  weighted  with  an  appropriate  quantity 
of  mercury,  or  else  a  thermometer,  and  the  exact  bulk  of  same  is  care- 
fully estimated  by  immersing  same  in  water  contained  in  a  burette  or 
other  narrow  graduated  tube,  and  noting  the  rise  of  the  water  when 
the  cylinder  or  thermometer  is  completely  immersed. 

This  cylinder  is  suspended  from  one  end  of  the  beam,  the  other  end 
of  which  is  weighted  so  as  to  produce  equilibrium  in  air.  When  the 
cylinder  is  immersed  in  water,  the  buoyancy  of  the  latter  throws  the 
balance  out  of  equilibrium,  which,  however,  can  be  restored  by  placing 
on  the  beam,  directly  over  the  knife-edge  from  which  the  cylinder  is 
suspended,  an  appropriate  weight  in  the  form  of  a  rider;  this  weight 
must,  of  course,  be  exactly  that  of  the  weight  of  the  bulk  of  water,  equal 

to  the  bulk  of  the  cylinder,  for 
the  body  immersed  in  water  loses 
as  much  weight  as  the  weight  of 
the  water  displaced. 

In  the  Westphal  balance  the 
beam  is  accurately  divided  into 
ten  equal  parts,  up  and  down 
which  the  rider  can  be  freely 
moved.  Duplicate  of  this  rider 
weight  is  also  provided,  and  like- 
wise two  weights,  one-tenth  and 
one  one-hundredth  the  value  of 
the  original  rider  weight.  By 
means  of  these  rider  weights  the 
specific  gravity  of  any  liquid  can 
be  accurately  determined.  Thus, 
in  the  picture  one  large  rider 
is  on  the  notch  over  the  point 
of  suspension,  meaning  specific 
gravity  1.000.  The  second  large 
'  rider  is  on  the  notch  2  of  the 
beam,  corresponding  to  specific  gravity  0.200.  The  one-tenth  weight 
rider  is  on  notch  5,  corresponding  to  specific  gravity  0.05;  while  the 
one  one-hundredth  weight  rider  is  on  notch  7,  corresponding  to  specific 
gravity  0.007.  These  four  weights,  therefore,  show  that  the  specific 
gravity  of  the  liquid  is  1.257. 

Lovi's  Beads. — Lovi's  beads  are  one  of  the  simplest  forms  of 
hydrometers.  They  consist  of  beads  of  glass  so  weighted  with  mercury 
that  a  definite  proportion  exists  between  the  weight  of  the  bead  and 
its  volume.  Thus,  a  bead  measuring  2  Co.,  if  weighted  with  mercury 
enough  to  weigh  exactly  3  Gm.,  will  be  one  and  one-half  times  heavier 
than  water,  since  2  Cc.  of  water  weighs  2  Gm. 

A  bead  having  the  capacity  of  2  Cc.  and  weighing  2^  Gm.  would  be 
one  and  one-fourth  times  heavier  than  water.  A  bead  having  a 
capacity  of  2  Cc.  and  containing  enough  mercury  to  weigh  1^  Gm. 
would  be  three-fourths  as  heavy  as  water,  or  have  a  specific  gravity 
of  0.75,  and,  lastly,  a  bead  of  2  Cc,  containing  enough  mercury  to  weigh 
exactly  2  Gm.,  would  be  the  same  weight  as  water,  or  specific  gravity 
1.000. 


Fig.  30. — Mohr- Westphal  balance. 
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After  getting  their  weights  accurately  adjusted,  the  beads  are  sealed 
and  the  specific  gravities  marked  on  the  outside  thereof. 

If  these  four  beads  were  thrown  into  water,  the  one  having  specific 
gravity  0.75,  being  lighter  than  the  water,  would  float  therein,  and  the 
ones  of  the  specific  gravities  1.50  and  1.25  would  sink,  being  heavier 
than  the  water,  while  the  one  of  exactly  the  same  specific  gravity  as 
the  water  would  float  indifferently  at  any  place  in  the  water  where 
immersed.  In  the  same  way,  if  these  beads  were  thrown  into  a  liquid 
of  specific  gravity  1.25,  the  bead  marked  1.50  would  sink,  those  of 
specific  gravities  0.75  and  1.00  would  float  on  the  surface  of  the  liquid, 
while  the  one  of  specific  gravity  1.25  would  float  indifferently. 

Thus  are  Lovi's  beads  employed,  a  handful  of  them  being  thrown 
into  the  liquid  the  specific  gravity  of  which  is  to  be  ascertained,  and 
the  one  which  floats  indifferently  in  the  solution  is  of  necessity  of 
the  same  specific  gravity  as  the  liquid. 

The  application  of  such  beads  is  usually  limited  to  the  estimation 
of  specific  gravity  of  boiling  liquids,  in  some  processes  of  manufacture 
it  being  directed  that  the  liquid  be  evaporated  to  a  certain  specific 
gravity.  If  in  such  a  heated  liquid  a  hydrometer  is  placed,  there  is 
more  danger  of  fracture  than  if  Lovi's  beads  were  applied. 

Jolhfs  Spiral  Balance. — This  balance,  described  on  page  29,  can  be 
used  instead  of  the  ordinary  balance  for  estimating  specific  gravity  of 
either  solids  or  liquids.  In  the  case  of  solids,  the  weight  of  same  is 
ascertained  in  air  and  then  in  water,  and  the  well-known  rule  applied: 
weight  in  air  divided  by  loss  of  weight  in  water  equals  specific  gravity. 

In  case  of  estimating  specific  gravity  of  liquids,  a  sinker  whose 
volume  is  known  is  suspended  from  the  balance,  and  its  downward 
force,  its  weight,  is  estimated  in  air,  in  water,  and  in  the  liquid 
whose  specific  gravity  is  desired  to  be  known.  In  this  way  we  learn 
the  loss  of  weight  of  the  sinker  in  water  and  in  the  liquid,  and 
from  this  data  the  specific  gravity  of  the  liquid  in  question  is 
deduced. 

ESTIMATION  OF  SPECIFIC  GRAVITY  OF  SOLIDS 

The  specific  gravity  of  solids  can  be  estimated  in  several  ways: 
(a)  By  means  of  graduated  tube;  (6)  by  floating  in  liquid  of  known 
specific  gravity;  (c)  by  means  of  a  hydrostatic  balance;  (d)  with  a 
pyknometer. 

With  Graduated  Tube. — Specific  gravity  is  the  weight  of  a  sub- 
stance compared  to  the  weight  of  an  equal  bulk  of  water,  and,  as  cited 
above,  the  estimation  of  the  weight  of  a  certain  bulk  of  liquid  and 
comparison  of  this  to  the  weight  of  an  equal  bulk  of  water  means  the 
simple  expedient  of  weighing  a  certain  volume  of  the  liquid  and  com- 
paring it  to  the  weight  of  the  same  volume  of  water.  Taking  the 
specific  gravity  of  a  solid  is  rendered  more  difficult  by  reason  of  the 
fact  that  the  great  majority  of  masses  of  solids  possess  irregular  surfaces, 
making  the  exact  measurement  of  their  cubical  capacity  an  impossible 
task,  while  the  lack  of  mobility  of  their  particles,  which  distinguishes 
the  solid  from  the  liquid,  prevents  solid  masses  from  assuming  the  shape 
of  a  standard  vessel.  Hence  the  weighing  of  a  certain  bulk  of  solid, 
for  comparison  with  an  equal  bulk  of  water,  by  means  of  a  pyknometer 
alone,  is  out  of  the  question.     The  only  method,  therefore,  of  estimating 
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the  volume  of  the  substance  as  compared  to  the  volume  of  water  is  by 
immersing  the  solid  in  the  water  contained  in  a  graduate  tube  and 
noting  the  rise  of  the  water  upon  immersion.  Thus,  if  a  piece  of  brass 
weighing  eight  grammes  immersed  in  water  contained  in  a  burette  causes 
the  surface  of  that  water  to  rise  one  cubic  centimeter,  it  will  mean  that 
one  cubic  centimeter  of  this  brass  weighs  eight  grammes.  We  know 
that  one  cubic  centimeter  of  water  weighs  one  gramme,  and  if  the  brass 
weighs  eight  times  as  much  as  the  water,  its  specific  gravity  is,  therefore, 
eight. 

By  Immersing  Solid  in  Liquid  of  Unknown  Specific  Gravity. — We  have  already 
learned,  under  Levi's  beads,  that  a  substance  weighing  tlie  same  as  the  same  bulk 
of  a  certain  fluid  will  float  indifferently  in  that  fluid,  and  this  principle  was  used  to 
estimate  the  specific  gravity  of  a  liquid  by  throwing  beads  of  known  specific  gravity 
therein.  Inversely,  the  specific  gravity  of  a  solid  can  be  estimated  by  throwing  the 
solid  into  liquids  of  different  specific  gravities,  and  noting  in  which  liquid  the  sub- 
stance floats,  in  which  it  sinks,  and,  above  all,  in  which  it  floats  indifferently.  Thus, 
if  a  piece  of  ore  sinks  in  a  solution  of  mercuric  nitrate  of  specific  gravity  2. 00  and 
floats  in  a  solution  of  potassiomercuric  iodide  of  specific  gravity  3.00,  it  can  be  safely 
assumed  that  this  ore  has  a  specific  gravity  somewhere  between  these  two  figures, 
and  the  exact  specific  gravity  can  be  ascertained  by  diluting  the  last  solution  with 
sufficient  water  until  the  ore  floats  indifferently  therein,  then  noting  the  specific 
gravity  of  the  liquid  by  means  of  the  hydrometer. 

Such  method  of  estimation  is  of  comparatively  limited  application,  by  reason 
of  its  lack  of  convenience,  and  an  accurate  estimation  by  this  method  takes  more 
time  than  does  the  well-known  process  of  weighing  in  air  and  then  in  water.  Its 
chief  use,  therefore,  is  limited  to  mineralogic  work,  in  which  case  a  series  of  solutions 
of  known  specific  gravities,  ranging  from  1^  to  3,  are  kept  constantly  on  hand,  and 
the  estimation  of  the  selected  ore  made  by  throwing  same  into  one  solution,  then 
into  another,  until  we  find  the  solution  in  which  it  floats  indifferently. 

A  pharmaceutic  application  of  this  method  was  suggested  by  Hager  for  esti- 
mating the  specific  gravity  of  wax,  he  preparing  a  series  of  ten  strengths  of  diluted 
alcohol  of  specific  gravities  ranging  from  0.950  to  0.970,  and  the  freshly  melted  drop 
of  wax  is  thrown  into  one  after  the  other  of  these  solutions. 

The  two  methods  of  estimation  of  specific  gravity  just  given  are 
of  little  pharmaceutic  value,  and  are  cited  first  merely  because  they 
give  the  principles  of  density  more  clearly  than  the  method  in  general 
use;  that  estimation  being — 

By  Means  of  a  Hydrostatic  Balance. — In  taking  the  specific 
gravity  of  solids  by  this  process  four  conditions  are  possible: 

First,  the  solid  may  be  insoluble  in,  and  heavier  than,  water. 

Second,  the  solid  may  be  insoluble  in,  and  lighter  than,  water. 

Third,  the  solid  may  be  soluble  in,  and  heavier  than,  water. 

Fourth,  the  solid  may  be  soluble  in,  and  lighter  than,  water. 

(A)  Solids  Insoluble  in  and  Heavier  than  Water. — As  mentioned 
above,  the  direct  comparison  of  the  bulk  of  a  mass  of  solid  with  the 
same  bulk  of  water  is  a  matter  of  some  difficulty.  Some  indirect 
method  had  to  be  devised,  and  this  was  reached  by  a  practical  applica- 
tion of  a  theorem  of  Archimedes,  one  of  the  ancient  philosophers. 

Suppose,  into  a  glass  full  of  water  to  the  brim,  an  eight-ounce  brass 
weight  is  dropped ;  of  course,  the  water  will  overflow.  Now,  Archimedes 
found  an  interesting  comparison  between  the  weight  of  the  overflowing 
water  and  the  changed  weight  of  the  brass  in  the  water.  He  found 
that  a  body  in  water  weighed  less  than  it  did  in  air.  The  student 
should  demonstrate  this  for  himself,  for  practical  demonstrations  are 
of  great  value.  Take  a  hand  scale  and  tie  a  weight  beneath  the  pan; 
weigh  it  in  the  air,  then  in  the  water,  when  it  will  be  found  that  brass, 
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which  weighs  eight  ounces  in  air,  weighs  only  seven  ounces  in  water. 
It,  therefore,  loses  one  ounce  of  its  weight  when  immersed  in  water. 

Archimedes  showed  that  the  amount  of  water  displaced  from  the 
full  glass  mentioned  above  was  one  ounce  in  weight  also.  Accordingly, 
he  devised  his  famous  theorem,  "A  body  immersed  in  water  loses  as 
much  weight  as  the  weight  of  the  water  it  displaces."  Naturally,  the 
amount  of  water  displaced  by  a  body  means  a  bulk  equal  to  that  body, 
and  thus  we  indirectly  get  the  weights  of  equal  bulks  of  water  and  the 
body  with  which  we  are  experimenting.  If  the  relative  weights  of 
equal  bulks  of  water  and  some  other  liquid  were  as  1  is  to  8,  the  specific 
gravity  of  the  other  liquid  would  be  8  divided  by  1,  or  8;  if  the  relative 
weights  were,  say,  240  grains  for  water  and  480  grains  for  the  other 
liquid,  the  specific  gravity  of  the  latter  would  be  480  divided  by  240, 
or  2.  Remember  that  loss  of  weight  of  a  body  in  water  means  the 
weight  of  a  bulk  of  water  equal  to  that  of  the  body,  and  one  can  easily 
understand  the  rule  for  taking  the  specific  gravity  of  solids.  "Weigh 
the  body  in  air,  then  in  water.  Divide  the  weight  in  air  by  the  loss 
of  weight  in  water,  and  the  quotient  will  be  the  specific  gravity." 

The  principle  of  this  case  has  been  considered,  but  as  to  practical 
manipulation,  it  need  only  be  stated  that  the  substance  of  which  the 
specific  gravity  is  desired  is  attached  to  a  balance  by  a  fine  silk  thread, 
better,  a  horsehair,  suspended  in  a  beaker,  or  other  suitable  glass 
containing  distilled  water  of  definite  temperature  (usually  15°  C), 
after  being  carefully  weighed  in  air. 

It  will  be  observed  that  the  body  weighs  less  in  water  than  it  did 
in  air,  and  the  difference  between  these  two  figures  (the  loss  of  weight 
in  water)  is,  according  to  the  theorem  of  Archimedes,  exactly  the 
same  as  the  weight  of  the  same  bulk  of  water;  hence  if  an  8-gramme 
brass  weight  immersed  in  water  weighs  7  grammes,  the  loss  of  weight 
of  one  gramme  can  be  transcribed  into  the  statement  that  the  quantity 
of  water  of  exactly  the  same  bulk  as  the  8-gramme  weight  would  weigh 
exactly  1  gramme. 

If,  during  this  experiment,  the  brass  weight  is  immersed  in  a 
graduated  tube,  it  will  be  found  that,  on  placing  the  8-gramme  brass 
weight  below  the  surface  of  the  water,  the  water  in  the  tube  will  rise 
exactly  one  cubic  centimeter  if  the  temperature  of  the  water  is  4°  C. 
Now,  one  cubic  centimeter  of  water  weighs  one  gramme,  and,  therefore, 
we  learn  that  the  loss  in  weight  in  water  of  a  given  substance  is  exactly 
equal  to  the  weight  of  an  equal  bulk  of  water. 

This  being  the  case,  we  see  that,  by  estimating  the  loss  of  weight 
in  water,  we  have  a  direct  comparison  of  the  weight  of  the  substance 
with  the  weight  of  an  equal  bulk  of  water,  and  all  that  is  necessary 
in  order  to  deduce  the  specific  gravity  is  to  divide  the  weight  in  air 
by  the  loss  of  weight  in  water,  that  is,  divide  the  weight  in  air  by  the 
weight  of  an  equal  bulk  of  water,  it  being  always  remembered  that  the 
specific  gravity  means  how  many  times  heavier  is  a  substance  than 
is  the  same  bulk  of  water.  Hence,  memorize  this  rule:  Weight  in  air, 
divided  by  loss  of  weight  in  water,  equals  specific  gravity. 

(B)  Solids  Insoluble  and  Lighter  than  Water. — Such  solid  of  necessity 
floats  on  the  surface  of  the  water,  and  in  order  to  find  the  loss  of  weight 
in  water  the  substance  must  be  completely  immersed.  In  estimating 
the  specific  gravity  of  such  solids  they  must  be  forced  under  the  surface 
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of  the  water  by  attaching  some  heavy  substance,  for  example,  a  brass 
weight. 

The  method  of  taking  the  specific  gravity  of  the  substance  after 
immersion  is  practically  the  same  as  that  of  taking  the  specific  gravity 
of  a  solid  insoluble  in  and  heavier  than  water,  namely:  we  must  know 
the  weight  of  the  substance  and  the  sinker  separately  in  air,  the  weight 
of  both  in  water,  and  the  weight  of  the  sinker  alone  in  water. 

The  weight  of  the  two  substances,  minus  the  weight  of  both  in  water, 
gives  the  loss  of  both  in  water,  and  from  this  figure  the  loss  of  the  weight 
of  the  sinker  alone  is  taken;  we  then  have  the  loss  of  weight  of  the 
lighter  substance  in  water,  whereupon  we  apply  the  rule:  Weight  in 
air  divided  by  loss  of  weight  in  water  equals  specific  gravity. 

An  illustration  of  such  an  estimation  is  as  follows:  A  piece  of  wax 
weighs  4  grammes  in  air,  and  to  immerse  same,  we  attach  a  brass  weight 
weighing  50  grammes.  The  two  weigh  in  water  43.84  grammes;  hence 
the  loss  of  the  weight  of  the  two  in  water  equals  54 — 43.84,  or  10.16 
grammes. 

Then  we  immerse  the  sinker  in  water  and  find  it  weighs  44  grammes. 
Then  the  weight  of  the  sinker  in  air  (50  grammes) ,  minus  the  weight  of 
the  sinker  in  water  (44  grammes) ,  equals  the  loss  of  weight  of  the  sinker 
in  water  (6  grammes).  The  combined  loss  of  weight  (10.16  grammes) 
minus  the  loss  of  the  sinker  alone  (6  grammes)  gives  the  loss  of  the 
weight  of  wax  in  water  (4.16  grammes).  The  weight  of  the  wax  in 
air  (4  grammes),  divided  by  the  loss  of  the  weight  in  water 
(4.16  grammes),  gives  the  specific  gravity  (0.960). 

In  observing  these  figures,  the  student  is  confronted  with  what, 
at  a  first  glance,  seems  a  peculiar  statement,  that  a  piece  of  wax  weighing 
4  grammes  loses,  when  immersed  in  water,  4.16  grammes;  that  is,  it 
loses  more  weight  than  it  actually  possessed.  This  can  be  easily 
explained,  however,  when  we  appreciate  the  fact  that  weight  is  merely 
the  measure  of  the  gravitating  force  of  the  earth,  and  that  when  a 
substance  hanging  toward  the  earth  is  immersed  in  a  liquid,  it  is  acted 
upon  by  an  opposing  upward  force,  namely,  the  buoyant  force  of  water. 
This  explains  why,  when  a  substance  is  immersed  in  water,  it  is  said 
to  lose  weight,  the  so-called  loss  of  weight  being  the  difference  between 
the  actual  attractive  force  of  the  earth  and  that  same  force  when 
modified  by  the  upward  force  of  the  liquid  in  which  the  substance  is 
immersed. 

In  case  of  solids  lighter  than  water  the  upward  buoyant  force  of 
the  liquid  is  greater  than  the  downward  force  of  gravitation,  hence  the 
phenomenon  of  a  body  losing  more  weight  than  it  originally  possessed. 

(C)  Solids  Soluble  in  and  Heavier  than  Water. — It  is  hardly  necessary 
to  state  that  with  some  substances  (lump-sugar,  for  example)  we  cannot 
accurately  estimate  the  loss  of  the  weight  in  water,  for  while  we  are 
endeavoring  to  weigh  the  substance  in  water,  the  water  will  be  dis- 
solving the  solid,  which  will  finally  disappear  under  the  solvent  action 
of  the  liquid;  in  such  cases,  therefore,  we  must  have  recourse  to  an 
indirect  estimation,  namely:  by  estimating  the  loss  of  weight  of  the 
substance  in  some  liquid  in  which  it  is  insoluble,  and,  from  this,  estimat- 
ing what  would  be  the  loss  of  weight  of  the  same  substance  in  water 
by  a  proportion  involving  the  respective  specific  gravities  of  the  two 
liquids. 
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Thus,  if  a  piece  of  alum  weighs  in  air  3  grammes,  and  weighs  in  turpentine  (sp. 
gr.  0.87)  1.48  grammes,  the  loss  of  weight  in  turpentine  will  be  1.52  grammes.  If 
we  divide  the  weight  in  air  by  the  loss  of  weight  in  turpentine,  we  would  estimate 
how  many  times  heavier  the  substance  was  than  turpentine,  which  datum  is  of  no 
interest  to  the  observer.  In  other  words,  the  loss  of  weight  in  turpentine  represents 
the  weight  of  an  equal  bulk  of  turpentine,  while  what  we  really  want  to  know  is 
the  weight  of  an  equal  bulk  of  water  (or  loss  of  weight  in  water). 

This  is  estimated  by  the  following  proportion: 

The  specific  gravity  of  turpentine  is  to  specific  gravity  of  water  as  the  loss  of 
weight  in  turpentine  is  to  the  loss  of  weight  in  water,  and  applying  this  to  the  above 
example,  we  have: 

0.87:  1.00  ::  1.52:  x 

1.00  X  1.52       ,  _ . 

"  =  —^5:87 ^•^^- 

By  this  we  see  that  the  piece  of  alum,  which  lost  1.52  grammes  in  turpentine, 
would  lose  1.74  grammes  if  it  were  possible  to  estimate  the  loss  of  weight  in  water 
by  immersing  same  therein.     This  obtained,  we  apply  the  usual  rule: 

Weight  in  air  divided  by  loss  of  weight  in  water  equals  specific  gravity,  and  get — 
3.00  ^  1.74  =  1.73.     (Specific  gravity  of  the  alum.) 

(D)  Solids  Soluble  in  and  Lighter  than  Water. — Of  this  compara- 
tively rare  class  of  bodies  it  need  only  be  said  that  the  estimation  of 
the  specific  gravity  of  same  is  carried  on  by  combining  the  two  previous 
methods  of  estimation,  viz.,  to  the  substance  we  attach  a  weight  or 
sinker  and  immerse  same  in  some  liquid  in  which  it  is  insoluble;  in  this 
way  we  have  a  double  estimation  to  perform:  First,  to  subtract  the 
loss  of  weight  of  the  sinker  from  the  combined  loss  of  weight,  as  in  B. 
Take  the  loss  of  weight  of  the  substance  alone  in  the  liquid,  and  deduce 
therefrom  the  loss  of  weight  in  water,  as  in  C.  Lastly,  apply  the  rule: 
Weight  in  air  divided  by  loss  of  weight  in  water  equals  specific  gravitij. 

With  the  Pyknometer. — The  estimation  of  specific  gravity  of 
solids  by  means  of  the  balance  is  limited  to  such  substances  possessing 
sufficient  cohesion  to  enable  same  to  be  suspended  from  a  thread  or 
horsehair,  a  method  which  is  inapplicable  to  powders. 

In  estimating  the  specific  gravity  of  powders,  therefore,  recourse 
is  had  to  a  modification  of  the  pyknometer  experiment,  which  can  be 
best  explained  by  citing  a  possible  case. 

Assuming  we  had  powdered  calomel  weighing  10  grammes,  we 
would  take  the  specific  gravity  of  same  in  a  pyknometer,  holding, 
say,  100  grammes  distilled  water.  Now,  if  all  the  100  grammes  of 
water  would  remain  in  the  pyknometer  on  the  addition  of  calomel, 
the  combined  weight  would  be,  of  course,  110  grammes.  However, 
it  is  an  accepted  fact  that  when  the  powdered  calomel  is  placed  in  a 
bottle,  water  will  be  displaced  and  some  rejected,  the  amount  of  rejected 
water  being  equal  to  the  weight  of  an  equal  bulk  of  calomel.  In  the 
actual  experiment  the  weight  of  the  10  grammes  of  calomel  and  of 
water  sufficient  to  fill  the  100-gramme  bottle  was  found  to  be  108.6 
grammes.  This  shows  that  the  amount  of  water  displaced  is  1 10— 108.6, 
or  1.4  grammes.  In  other  words,  the  weight  of  a  bulk  of  water  equal 
to  the  bulk  of  the  10  grammes  calomel  was  1.4  grammes;  hence  the  calo- 
mel is  as  many  times  as  heavy  as  water  as  1.4  goes  into  10;  hence  the 
specific  gravity  of  the  calomel  is  10  -f-  1.4,  or  7.1. 

As  mentioned  on  page  47,  the  knowledge  of  the  specific  gravity 
of  pharmaceutic  substances  aids  us  in  estimating  the  volume  of  a 
certain  weight  of  liquid. 
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Thus,  if  we  know  that  the  specific  gravity  of  sulphuric  acid  is  1.83, 
and  we  have  a  recipe  calling  for  a  given  weight  of  same,  we  can  tran- 
scribe this  weight  into  the  liquid  volume  of  the  acid  by  dividing  the 
number  of  grammes  directed  by  the  specific  gravity  of  the  acid.  In 
the  same  way  if  we  wish  to  know  what  size  container  is  necessary  to 
hold  twenty  avoirdupois  pounds  of  glycerin  (sp.  gr.  1.25),  we  can  find 
out  by  a  simple  calculation  involving  the  number  of  gallons  in  twenty 
pounds  of  water  and  dividing  this  number  by  the  specific  gravity  of 
glycerin.  This  latter  example,  however,  is  perhaps  more  properly 
solved  by  specific  volume,  mention  of  which  will  be  made  shortly. 

In  answer  to  the  question  as  to  the  pharmaceuticals  of  which  we 
should  study  the  specific  gravities,  it  might  be  stated  that  every  phar- 
macist should  know  at  least  the  following: 

Ether 0.716  These  figures  represent  the  specific 

Chloroform 1.476  gravity   of   each   substance   at   25°   C. 

Glycerin 1.246  (77°  F.),  for  bear  in  mind   that  tem- 

Alcohol 0.809  perature  is  an  important  factor  in  de- 

Sulphuric  acid 1.826  ducing    specific    gravity — the    warmer 

Nitric  acid , 1.403  the    temperature,    the    less    dense    the 

Mercury 13.535  liquid. 

A  practical  demonstration  of  the  use  of  specific  gravity  may  be 
valuable.  We  want  to  know  how  many  grains  there  are  in  a  fluidounce 
of  ether,  specific  gravity  0.720. 

One  fluidounce  of  distilled  water  weighs  455.7  grains;  therefore 
a  fluidounce  of  ether,  sp.  gr.  0.720,  weighs  455.7  X  0.720=328.1  grains. 

455.7 

.12 

9114 
31899 
328.104 

SPECIFIC  VOLUME 

Specific  volume  is  just  the  reverse  of  specific  gravity. 

Specific  gravity  is  the  relative  weight  of  equal  bulks  of  different 
bodies. 

Specific  volume  is  the  relative  bulk  of  equal  weights  of  different 
bodies. 

To  get  the  specific  volume  of  a  body  we  divide  1.000  by  the  specific 
gravity.  Thus,  the  specific  volume  of  chloroform  is  approximately 
0.666  + 

1.000  ^  1.50  =  0.666 +  . 

As  a  homely  example,  while  specific  gravity  means,  in  a  general 
way,  how  many  avoirdupois  ounces,  grammes,  etc.,  in  one  pint,  liter, 
etc.,  of  alcohol,  chloroform,  etc.,  specific  volume  teaches  what  size 
bottle  it  will  take  to  hold  a  pound  or  a  kilogramme  of  the  substance 
in  question.  Thus  specific  gravity  deals  with  what  weight  of  a  certain 
substance  will  go  into  a  certain  sized  bottle,  while  specific  volume  asks 
what  sized  bottle  will  hold  a  certain  weight  of  the  substance.  If  we 
say  chloroform  has  the  specific  gravity  1.50,  we  mean  (since  pint  and 
avoirdupois  pound  of  water  are  somewhat   approximate)  that  a  pint 
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of  chloroform  weighs  somewhere  around  1^  avoirdupois  pounds. 
Regarding  this  same  chloroform,  an  avoirdupois  pound  of  it  will  not, 
as  is  full  well  known,  fill  a  pint  bottle.  In  fact,  it  will  easily  go  into  a 
twelve-fluidounce  bottle.  We  get  nearer  its  exact  bulk  by  dividing 
16  by  the  specific  gravity,  or,  in  the  present  case,  16  divided  by  1.50 
equals  10.6,  and  we  find  that  one  avoirdupois  pound  of  chloroform  has 
a  bulk  of  about  10.6  fiuidounces.  This  is  only  approximate,  for,  in 
truth,  a  pint  of  water  weighs  more  than  an  avoirdupois  pound,  and, 
again,  the  specific  gravity  of  chloroform  is  1.49  (at  15°  C),  not  1.50. 
The  exact  estimation  of  the  weight  of  a  pint  and  the  volume  of  an 
avoirdupois  pound  of  chloroform  is  as  follows: 

1  pint  =16  fiuidounces. 

1  fiuidounce  distilled  water  =  455.7  grains. 

1  pint  (16  fiuidounces)  distilled  water  =  455.7  grains  X  16  =  7291.2  grains. 
16  fiuidounces  chloroform  (sp.  gr.  1.49)  =  7291.2  X  1.49  =  10,863.888  grains. 
7000  grains  =  1  avoirdupois  pound. 

Therefore,  in  10,863.888  grains  there  are  as  many  avoirdupois  pounds  as  7000 
goes  into  10,863.888: 

10,863.888  divided  by  7000  =  1.552, 

and  we  see  that  one  pint  of  chloroform  weighs  1.552  avoirdupois  pounds, 
considerably  over  1^  avoirdupois  pounds. 

Now  for  the  volume  of  one  avoirdupois  pound  of  chloroform: 

1.552  avoirdupois  pounds  of  chloroform  measure  16  fiuidounces. 

1  avoirdupois  pound  of  chloroform  will  measure  |§§§  X  16  =  10.3  ounces — 

1552)16000(10.3  + 
1552 
4800 
4656 
•      144 

Before  closing  this  chapter,  other  phases  of  simple  arithmetic  as 
applied  in  pharmacy  may  well  be  taken  up. 


ALLIGATION 

Alligation,  or  "the  rule  of  mixtures"  as  applied  in  pharmacy, 
includes  those  arithmetic  processes  used  in  ascertaining  the  relative 
amount  of  different  strengths  of  the  same  substance  needed  to  blend 
into  a  substance  of  a  definite  intermediate  strength.  Thus,  by  alligation 
we  solve  such  problems  as  the  blending  of  two  strengths  of  opiums 
into  a  third  strength. 

Opium,  as  we  will  learn  later,  is  a  substance  whose  activity  is  based 
on  the  amount  of  morphine  it  contains,  and  when  we  say  10  per  cent, 
opium,  we  mean  that  100  grammes  of  the  drug  contain  10  grammes 
morphine;  by  18  per  cent,  opium  we  mean  one  that  contains  18  grammes 
morphine  to  each  100  grammes;  while  14  per  cent,  opium  is  such  as 
contains  14  grammes  to  the  hundred.  It  can  be  seen  that  we  can  com- 
bine 10  per  cent,  opium  and  18  per  cent,  opium  to  make  14  per  cent, 
opium,  nor  is  it  difficult  to  figure  out  that  equal  quantities  of  10  per 
cent,  and  18  per  cent,  will  make  14  per  cent.;  but  upon  what  principle 
is  the  arithmetic  calculation  based? 


60 


PRINCIPLES  OF  PHARMACY 


The  best  comparison  of  alligation  is  with  the  principle  of  the  balance, 
as  fully  explained  on  p.  36.  What  do  we  mean  by  a  single  equal 
arm  balance?  It  means  a  beam  represented  by  the  line  a-b  (Fig.  31) 
of  the  same  weight  throughout,  suspended  on  a  central  knife-edge, 
with  pans  hanging  from  the  end  knife-edges  (a  and  b  respectively). 


T — r 


1 — r 


Fig.  31. — Alligation  I. 

In  order  that  the  balance  swing  exactly  even  it  is  necessary  that  the 
central  knife-edge,  c,  be  exactly  midway  between  a  and  b.  Thus,  if 
we  call  a  10  inches,  and  b  18  inches,  the  beam  would  be  18  —  10,  or  8 
inches  long,  and  if  c  be  at  14  inches,  it  will  stand  18—14,  or  4  inches, 
from  b,  and  14  —  10,  or  4  inches,  from  a,  and  4  pounds  placed  on  pan 
a  would  be  exactly  balanced  by  4  pounds  placed  on  pan  b. 

Compare  this  to  the  following  opium  alligation.  We  have  10  and 
18  per  cent,  opiums  and  wish  to  mix  them  so  as  to  make  14  per  cent. 
This  we  solve  as  follows : 


14—10  =  4 


And  we  see  that  4  pounds  of  10  per  cent,  and  4  pounds  of  18  per  cent,  give  8 
pounds  of  14  per  cent. 

Again,  what  do  we  mean  by  a  single  beam  unequal  arm  balance? 
we  mean  a  beam,  like  Fig.  31,  only  with  knife-edge  c  not  midway 
between  a  and  b  (Fig.  32). 

Assuming  as  before  that  we  call  a  10  inches  and  b  18  inches,  we 
would  have  a  beam  8  inches  long,  and  if  c  were  at  12  inches,  it  would 
stand  18  —  12,  or  6  inches,  from  b,  and  12  —  10,  or  2  inches,  from  a. 
In  order  to  balance  such  a  beam  different  weights  must  be  placed  on 
pans  a  and  b,  following  the  general  principles  of  the  lever;  namely, 
a  certain  weight  placed  on  the  pan  of  the  long  arm  b  will  exert  an 
increased  power  on  the  weight  in  the  pan  of  the  short  arm  a,  and  in 
direct  proportion  to  the  length  of  the  arms.  Thus,  in  Fig.  32  the 
long  arm  b-c  (6  inches)  is  3  times  longer  than  the  short  arm  a-c  (2 
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inches);  hence  1  pound  placed  on  pan  h  will  balance  3  pounds  placed 
on  pan  a,  or  2  pounds  in  pan  b  will  balance  6  pounds  in  pan  a.  Com- 
pare this  to  the  following  opium  alligation.     We  have  10  and  18  per 


5 


Fig.  32.— Alligation  II. 

cent,  opiums  and  desire  to  mix  them  so  as  to  make  12  per  cent.    This 
is  solved  as  follows: 


12—10  =  2 


18—12  =  6 


And  we  see  that  6  pounds  of  10  percent,  and  2  pounds  of  18  per  cent,  give  8 
pounds  of  12  per  cent. 

Likewise,  assuming  our  beam  has  different  dimensions,  as  follows: 
A,  9  inches;  B,  14  inches;  C,  12  inches.  The  beam  will  then  be  14  —  9, 
or  5  inches  long,  and  c  being  12—9,  or  3  inches  from  a,  and  14—12, 


7\ 


Fig.  33.— Alligation  III. 


or  2  inches,  from  b,  then  the  weight  of  3  pounds  placed  on  pan  6  (14 
inches)  will  be  balanced  by  2  pounds  placed  on  pan  a  (9  inches). 
Compare  this  to  the  following  alligation: 
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We  have  9  and  14  per  cent,  opiums  and  want  to  make  12  per  cent. 
This  we  solve  below: 


12  —  9  =  3 


14  —  12  =  2 


And  we  see  that  2  pounds  9  per  cent,  and  3  pounds  14  per  cent,  give  5  pounds 
12  per  cent. 

Thus,  can  every  problem  in  alligation  be  solved,  and  when  we  draw 
our  line,  with  the  percentage  wanted,  above,  and  the  percentages  we 
have,  below,  like  this — 

12 

9  14 

we  are  unconsciously  comparing  the  matter  to  a  single  beam  balance. 
A  purely  arithmetic  solution  of  alligation  is  the  following  tiresome 
but  lucid  process. 

Suppose  we  take  the  problem  given  above:    How  much  10  and  18 
per  cent,  opiums  are  needed  to  make  12  per  cent.? 

10  per  cent,  opium  means  10  parts  morphine  to  100  parts  of  opium. 

18         "  "  "     18       "  "  100 

12  "  "  "      12       "  "  100       " 

These  figures  are  exactly  analogous  to: 

10  apples  in  a  basket, 

18 

12 

and  as  if  the  question  were.  How  many  baskets  of  10  apples  each  and 
18  apples  each  must  be  taken  to  arrange  baskets  containing  12  apples 
each?    Let  us  do  the  actual  rearranging: 


W<  rearrange  tasfafe 

0n 


One  basket  of  18  apples.  This  gives  us  one  basket  of  12  apples  (No.  I)  and  6 
apples  over.  These  6  and  6  from  a  basket  of  10  apples,  which  we  bring  here,  will 
make  another  basket  of  12  apples  (No.  II).  Six  apples  from  10  leaves  4  apples 
in  our  basket  b  and,  bringing  up  basket  c  (10  apples)  we  take  out  8,  making  basket 
No.  Ill  contain  12  apples.  This  leaves  2  apples  in  basket  c,  which,  plus  10  apples 
from  basket  d  makes  12  apples  to  put  into  basket  IV,  and  the  trick  is  done. 
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The  conclusion  is  that  1  basket  of  18  apples  and  3  baskets  of  10 
apples  each  give  4  baskets  of  12  apples  each;  the  same  result  as  the 
similar  alligation,  which  showed  that — 

6  pounds  of  10  per  cent,  (or  3  pounds  of  10  per  cent.)- 
and  2_ pounds  of  18  "  (orj^  pound  of  18  per  cent.)- 
give     8  pounds  of  12        "         (or  4  pounds  of  12  per  cent.)- 

For  the  benefit  of  those  knowing  algebra  the  following  algebraic 
solution  of  these  kind  of  problems  is  given: 

Let  X  represent  quantity  of  the  lowest  percentage  used. 
Let  y  ''  "  "     highest  percentage  used. 

Let  z  "  "  "     percentage  desired. 

Then  the  problem,  How  much  10  and  18  per  cent,  opiums  are 
needed  to  make  12  per  cent.?  is  solved  as  follows: 

10  X  +  18  y  =  12  z.     z  =  X  +  y. 
10  a;  +  18  ?/  =  12  X  +  12  r/. 
18  ?/  -  12  2/  =  12  x  -  10  X. 
62/  =  2x.     x  =  3j/. 

Then,  if  x  +  y  =  4  pounds,  and  x  =  3y,3y  +  y  =  4  pounds,  or  4  i/  =*=  4 
pounds. 

X  =  3  y.     y  =  1  pound,     x  =  3  pounds. 
Hence,  3  pounds  10  per  cent. 

and  1  pound    18  per  cent. 

give  4  pounds  12  per  cent. 

If  the  problem  involves  three  different  percentages,  say,  7  per  cent., 
16  per  cent.,  and  18  per  cent.,  out  of  which  to  make  another  percentage, 
say,  14  per  cent.,  the  calculation  is  accomplished  by  means  of  the 
mechanic  "rule  of  the  balance"  explained  above,  viz., 


18—14 


That  is:    6  ounces  of    7  per  cent,  opium. 
7         "  16 

_7        "         18 
make  20  ounces  of  14  per  cent,  opium. 

And  if  the  problem  was,  to  make  14  per  cent,  opium  from  5  per 
cent.,  15  per  cent.,  16  per  cent.,  and  18  per  cent,  opium,  the  calcula- 
tion would  be  as  follows: 


14  -    5  =  9. 

15  -   14  =  1. 

16  -  14  =  2. 
18  -  14  =  4. 


5  per  cent. 
1 

2 

_4 

7 


This  goes  under  15  per  cent.,  16  per  cent.,  and  18  per  cent. 
This  goes  under  5  per  cent. 
This  goes  under  5  per  cent. 
This  goes  under  5  per  cent. 
14  per  cent. 


15  per  cent. 
9 


16  per  cent. 
9 


18  per  cent. 
9 
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That  is:    7  ounces  of    5  per  cent,  opium. 
9         "  15 

9         "  16 

_9         "  18 

make  34  ounces  of  14  per  cent. 

In  explanation  of  the  fact  that  in  the  examples  furnished  above 
we  find  two,  and  in  the  other  case  three,  separate  quantities  of  lower 
percentage  which  must  be  added  to  the  stronger,  let  it  be  said  that  the 
example  can  be  considered  as  three  separate  examples  or  problems, 
viz.: 

(A)  How  much  5  per  cent,  and  15  per  cent,  needed  to  make  14  per 
cent.? 

Answer  by  simple  calculation:  1  ounce  of  5  per  cent,  and  9  ounces 
of  15  per  cent. 

(B)  How  much  5  per  cent,  and  16  per  cent,  needed  to  make  14 
per  cent.? 

Answered  by  simple  calculation:  2  ounces  of  5  per  cent,  and  9 
ounces  of  16  per  cent. 

(C)  How  much  5  per  cent,  and  18  per  cent,  needed  to  make  14  per 
cent.? 

Answered  by  simple  calculation:  4  ounces  of  5  per  cent,  and  9 
ounces  of  18  per  cent. 

We,  therefore,  have  three  separate  batches  of  14  per  cent,  opium, 
all  made  from  5  per  cent.,  but  with  a  higher  percentage  differing  in 
every  case.  If  we  took  these  three  separate  mixings  and  thoroughly 
blended  same,  we  would,  of  necessity,  have  14  per  cent,  opium,  and 
this  14  per  cent,  opium  would  originally  have  been  made  up  of — 
1  ounce  5  per  cent.  +  9  ounces  15  per  cent.  +  2  ounces  5  per  cent.  +  9 
ounces  16  per  cent.  +  4  ounces  5  per  cent.  +  9  ounces  18  per  cent.;  in 
all,  7  ounces  5  per  cent.,  9  ounces  15  per  cent.,  9  ounces  16  per  cent., 
and  9  ounces  18  per  cent.,  which  we  notice  is  the  answer  to  the  example 
as  originally  given. 

The  same  method  of  calculation  for  alligation  can  be  applied  to 
specific  gravity  examples,  such  as:  How  much  glycerin,  specific  gravity 
1.25,  and  alcohol,  specific  gravity,  0.820,  must  be  mixed  to  make  a 
liquid  of  specific  gravity  1.000?     which  is  solved  as  follows: 

1.00  ,     ., 

or,  preferably, 


1.25  0.82 

125—100  =  25  100  — 82  =--18 


Answer:    18  ounces  glycerin 
and  25  ounces  alcohol 
make  43  ounces  of  liquid,  sp.  gr.  100. 

■  This  example  and  also  the  percentage  examples  can  be  proved 
by  the  following  reasonings: 
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18  fluidounces  glycerin  sp.  gr.  1.25  =  18  X  455.7  X  1.25  =  10253.2  grains. 

25  fluidounces  alcohol    sp.  gr.  0.82  =  25  X  455.7  X  0.82  =  9341.9  grains. 

43  fluidounces  of  liquid  weigh  19595.1  grains. 
43  fluidounces  of  water  weigh  43  X  455.7  =  19595.1  grains. 

Hence  the  mixture  has  same  specific  gravity  as  water,  since  43 
fluidounces  of  it  weigh  the  same  as  43  fluidounces  of  water. 
The  same  method  is  used  to  solve  such  examples  as: 
What  will  be  the  specific  gravity  of  a  mixture  of  5  fluidounces  of 
solution  of  tersulphate  of  iron,  specific  gravity  1.555,  and  3  fluidounces 
water?    The  figuring  being  as  follows: 

5  fluidounces  of  sol.  tersulph.  iron  =  5  X  455.7  X  1.555  =  3543.0  grains. 

_3  fluidounces  of  water                       =  3  X  455.7  X  1.000  =  1367.1  grains. 

8  fluidounces  of  liquid  weigh  4910.1  grains. 
8  fluidounces  of  water  weigh  8  X  455.7  =  3645.6 

Hence  the  liquid  weighs  ^jf^g  as  much  as  water  and  has  the  specific 
gravity  1.346. 

While  speaking  of  such  examples,  reference  should  be  made  to  the 
simple  example  involving  percentage  solutions,  such  as:  How  much 
cocaine  is  needed  for  one  fluidounce  of  a  5  per  cent,  solution? 

The  absolutely  accurate  way  of  solving  this  is  as  follows: 
Weight  fluidounce^s  water  |  ^  ^  q^  ^  22.785  grains, 

which  represents  the  number  of  grains  cocaine  (hydrochloride  pre- 
sumably) needed  to  make  the  solution. 

In  this  case,  however,  in  order  to  obtain  accurate  results,  the  22.785 
grains  cocaine  hydrochloride,  must  be  weighed  out,  dissolved  in  water, 
and  finished  by  bringing  the  finished  solution  up  to  455.7  grains  by 
weight,  which,  of  course,  will  measure  slightly  less  than  one  fluidounce. 

Another  and  less  accurate  method,  very  largely  employed,  is  by 
taking  5  per  cent,  of  480  minims,  or  24  grains,  dissolving  this  in  water 
to  make  a  fluidounce.  This,  while  by  no  means  as  accurate  as  the 
former  process,  is  more  convenient,  and  can  be  safely  employed  in 
preparing  solutions  in  small  percentages. 

A  simple  modification  of  alligation  is  that  of  percentages  outlined 
in  the  last  pharmacopoeia  under  alcohol,  where  a  rule  of  dilution  is 
given.    The  rule  is  practically  as  follows: 

If  we  have  a  95  per  cent,  alcohol  and  want  to  dilute  it  to  20  per  cent., 
we  must  then  take  20  fluidounces  of  the  95  per  cent,  and  add  enough 
water  to  make  95  fluidounces;  when  we  will  have  approximately  20 
per  cent,  alcohol. 

It  may  also  be  solved  by  the  regular  process  of  alligation  if  we 
recast  the  problem  to  the  following  wording:  How  much  95  per  cent, 
alcohol  and  0°  alcohol  (water)  needed  to  make  20  per  cent,  alcohol? 

Solved  by  "rule  of  the  balance." 


95  —  20  =  75  20  —  0  =  20 
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This  shows  that  we  can  reduce  95  per  cent,  alcohol  to  20  per  cent. 
by  reversing  the  fluidounces  with  the  percentages.  That  is,  from 
20  fluidounces  of  95  per  cent,  alcohol  we  can  make  95  fluidounces  of 
20  per  cent.  But  suppose  the  question  is:  How  much  20  per  cent, 
alcohol  could  be  made  from  5  fluidounces  95  per  cent.?  It  is  a  case  of 
simple  proportion. 

If  20  fluidounces  95  per  cent,  give  95  fluidounces  20  per  cent., 
5  fluidounces  95  per  cent.  {{  of  20)  will  give  us  I  of  95  fluidounces 
20  per  cent.,  or  23|  fluidounces. 

Expressed  in  proportion: 

20:5::95:X 
5  X  95 

X  = =  23|  fluidounces. 

20 

It  is  important  that  this  be  understood.  The  rule,  by  the  way, 
applies  exactly  only  when  there  is  no  diminution  in  volume. 


CHAPTER   IV 
HEAT 


Heat  is  that  form  of  molecular  motion  which  produces  the  phy- 
siologic sensation  we  call  warmth,  this  molecular  motion  being  produced 
by  friction,  electricity,  light,  or  chemical  action.  In  order  to  obtain 
a  clear  understanding  of  heat,  a  comprehension  of  the  molecule  as 
explained  on  p.  359  is  essential.  Suffice  it  to  say  here  that  molecules 
are  very  minute  particles  of  matter,  and  these  molecules,  working  among 
themselves,  produce  friction.  That  friction  is  the  source  of  heat  is 
well  known,  and  can  be  demonstrated  by  such  simple  experiments  as 
rubbing  one  surface  on  another  when  both  become  hot.  This  is  shown 
by  rubbing  the  finger  rapidly  on  a  piece  of  wood,  when  the  sensation 
of  warmth  is  transmitted  to  the  body.  It  is  also  known  that  when 
any  metallic  body,  such  as  an  axle,  rubs  rapidly  on  its  bearings,  if  the 
axle  is  not  well  greased  to  prevent  this  friction,  the  heat  produced  is 
sufficient  to  set  fire  to  the  surrounding  objects,  producing  the  condition 
called  "hot  box."  Primitive  people,  such  as  Indians,  becoming  adept 
at  the  art,  were  able  to  kindle  fires  by  rubbing  two  pieces  of  wood 
together. 

In  each  case  we  have  a  striking  illustration  of  friction  as  a  source 
of  heat. 

Another  source  of  heat  is  electricity,  and  in  such  cases  the  friction 
of  the  molecules  of  the  non-conductor  produces  heat.  In  many  cases 
the  resistance  causes  the  substance  to  glow  or  become  incandescent. 
Such  is  the  basis  of  the  incandescent  electric  light  in  which  the  elec- 
tricity is  forced  through  a  filament  of  poorly  conducting  carbon,  the 
molecules  of  carbon,  in  resisting  the  electric  pressure,  being  heated 
sufficiently  to  become  incandescent. 
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A  discussion  of  the  principles  of  electricity  is  beyond  the  scope  of 
this  work,  and  for  details  of  this  force  the  reader  is  referred  to  any 
standard  text-book  of  physics. 

Suffice  it  here  to  state  that  electricity  is  a  molecular  condition, 
and  that  this  condition  is  transmitted  from  one  molecule  to  another 
with  more  or  less  rapidity,  dependent  on  the  character  of  the  substance 
influenced.  Matter  which  rapidly  transmits  the  electric  condition 
from  one  molecule  to  another  is  called  a  conductor  of  electricity,  while 
matter  the  molecules  of  which  do  not  transmit  the  condition  is  said 
to  be  a  non-conductor  or  a  poor  conductor. 

As  the  question  of  conduction  of  electricity  is  a  purely  relative 
matter, — all  bodies  transmitting  the  condition  to  an  extent  more  or  less 
great, — the  terms  above  mentioned  are  gradually  becoming  obsolete, 
and  the  words  "conductivity"  and  "resistance"  being  substituted  to 
cover  the  respective  meanings.  Remember  that  electricity  is  a  molecu- 
lar condition,  and  not  an  entity,  and,  therefore,  when  we  talk  of  "the 
electric  current"  passing  through  a  wire,  we  mean  that  the  electric 
condition  affecting  the  end  molecule  of  the  wire  is  rapidly  transmitted 
to  the  adjoining  molecule,  and  thence  from  one  molecule  to  another, 
the  whole  length  of  the  wire.  This  being  clearly  understood,  we  can 
use  the  simpler  term',  "passage  of  the  electric  current,"  in  the  follow- 
ing explanations. 

Electricity  passes  rapidly  from  molecule  to  molecule  through  a 
conductor;  but  if  compelled  to  run  through  a  non-conducting  substance, 
it  requires  a  current  of  high  potential,  of  great  force,  to  overcome  the 
resistance  of  this  body. 

Light  also  affords  a  minute  amount  of  heat.  Heat,  light,  and 
electricity  are  so-called  physical  forces  affecting  molecules,  and  are, 
under  certain  circumstances,  convertible  one  into  another. 

We  have  just  seen  that  electricity  is  converted  into  heat;  inversely, 
heat  can  be  converted  into  electricity. 

By  applying  heat  to  two  metal  plates  in  close  contact  with  each 
other,  an  electric  current  is  formed  in  the  apparatus  known  as  the 
"  pyroelectric  battery."  Hence  it  is  not  strange  that  light  can  be 
converted  into  heat,  although  the  amount  produced  is  very  minute 
and  very  difficult  to  measure,  inasmuch  as  almost  invariably  all  sources 
of  light  are  also  sources  of  heat,  and,  therefore,  it  is  very  diflficult  to 
isolate  light  from  its  accompanying  heat. 

Chemical  action  is  the  chief  source  of  heat.  This  phenomenon, 
which  is  fully  described  on  p.  360,  means  a  breaking  up  of  the  molecules 
of  a  substance,  with  the  formation  of  new  molecules.  This  decom- 
position is  accompanied  with  considerable  movement  of  the  molecules 
and  their  constituent  atoms,  thus  producing  a  form  of  friction  and, 
therefore,  producing  heat. 

Combustion. — Most  chemicals  reacting  on  one  another  produce 
heat,  although  in  some  cases  the  reverse  is  true.  As  an  illustration  of 
heat  produced  by  chemical  action,  iron  combined  with  iodine  in  a 
test-tube  in  the  presence  of  water  will  so  heat  the  test-tube  as  to  render 
it  difficult  to  hold  same  in  the  hand.  Likewise,  sulphuric  acid  com- 
bined with  solution  of  soda  produces  great  heat,  and  numberless  other 
illustrations  could  be  given.  The  production  of  heat  by  such  chemical 
action  is  different  from  the  chemical  action  in  the  burning  of  wood. 
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The  invariable  accompaniment  of  the  latter  being  flame,  such  form  of 
chemical  action  is  called  combustion;  that  is,  chemical  action  accom- 
panied by  heat  and  light.  We  know  that  wood  is  composed  of  hydrogen, 
oxygen,  and  carbon;  that  the  air  around  us  contains  oxygen,  and  that 
by  applying  a  flame  to  the  wood  there  is  commenced  a  chemical  reaction 
which  results  in  the  formation,  from  the  carbon  hydrogen  and  oxygen 
that  is  present,  of  carbon  dioxide  (COj)  and  of  water  (HjO). 

In  this  chemical  reaction,  as  in  the  formation  of  ferrous  iodide, 
heat  is  produced,  and  of  much  greater  intensity.  So  great  is  the  heat 
that  some  of  the  carbon,  which  in  the  hurry  of  the  reaction  escapes 
combination  with  the  oxygen,  glows  with  heat,  just  as  does  the  carbon 
filament  in  the  incandescent  light.  To  prove  the  presence  of  incan- 
descent carbon  hold  a  plate  over  any  luminous  flame,  when  it  will 
become  blackened  with  soot,  which  is  pure  carbon.  Whenever  the 
combustion — as  this  reaction,  in  which  the  carbon  and  hydrogen  of  a 
substance  combine  with  the  oxygen  of  the  air,  is  called — is  accom- 
panied by  unchanged  carbon  glowing  with  heat,  a  flame  is  produced. 

Any  substance  with  which  we  can  perform  a  combustion  is  called 
fuel.  Such  matter  is  very  abundant,  and  is  found  in  all  three  states 
of  aggregation^solids,  liquids,  and  gases. 

Solid  Fuels. — The  solid  fuels  are  wood,  coal,  and  charcoal.  Wood 
contains  hydrogen  and  oxygen  besides  carbon,  whereas  coal  and  char- 
coal consist  very  largely  of  carbon.  In  the  case  of  each  fuel  the  chemical 
action  involved  is  the  combination  of  the  carbon  with  the  oxygen  of 
the  air,  forming  carbon  monoxide  and  carbon  dioxide,  with  more  or 
less  particles  of  unconsumed  carbon,  called  soot. 

In  burning  solid  fuels  the  apparatus  designed  to  contain  same  is 
called  stove  or  furnace,  and  consists  fundamentally  of  the  fire-box  in 
which  the  fuel  is  held,  the  chimney  or  flues  for  removal  of  the  gaseous 
products  of  combustion,  and  damper  or  vents  for  the  admission  of  air 
necessary  to  produce  the  action.  Provision  is  made,  by  means  of 
grating,  for  the  removal  and  storage  of  ashes,  which  constitute  the 
inorganic  salts  present  in  wood  or  coal. 

In  order  to  produce  successful  combustion  the  oxygen  of  the  air 
is  absolutely  necessary,  hence  if  a  furnace  or  stove  is  not  supplied  with 
sufficient  air,  the  fire  within  the  box  will  be  "smothered"  or  "go  out." 
This  explains  the  method  of  smothering  a  fire  by  surrounding  the 
burning  substance  with  blankets,  thus  preventing  access  of  air.  In 
order  to  produce  good  combustion,  a  comparatively  good  draft  of  air 
must  be  had,  the  intensity  of  the  draft  being  regulated  by  the  opening 
or  closing  of  the  vents  or  dampers,  and  in  large  furnaces  by  the  relative 
height  of  the  chimney  or  smoke-stack. 

For  the  practical  application  of  combustion  of  solid  fuels  the  reader 
is  referred  to  any  kitchen-range  or  house-furnace. 

The  liquids  used  as  fuels  are  alcohol  and  petroleum  products  (gaso- 
line and  insurance  oil,  etc.).  In  using  liquids  as  fuel  there  are  two 
methods  employed: 

If  the  liquid  is  not  very  volatile,  such  as  insurance  oil,  astral  oil, 
etc.,  the  liquid  is  sucked  up  through  a  wick  by  capillary  attraction, 
and  burned  as  a  liquid  off  the  top  of  the  wick.  Such  a  method  is  also 
employed  in  the  burning  of  the  volatile  liquid  alcohol  in  the  ordinary 
alcohol  lamp  (Fig.  34). 
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In  cases  where  the  liquid  is  quite  volatile  (as  gasoline),  the  apparatus 
used  for  the  purpose  is  so  arranged  that  the  liquid  is  first  converted 
into  vapor  and  this  vapor  burned.  Such  is  the  principle  of  the  vapor 
stove  (Fig.  35),  which  possesses  a  great  advantage  over  the  wick  stoves 
by  having  the  vapor  burned  mixed  with  air,  as  in  the  Bunsen  burner, 
thus  preventing  a  sooty  flame.  Alcohol  is  also  burned  in  the  form  of 
vapor  in  the  so-called  "Russian  blast  lamp,"  which  produces  an 
intensely  hot  flame  (Fig.  36). 

Gaseous  Fuels. — The  gases  used  to  produce  heat  are  coal-gas, 
acetylene,  and  natural  gas,  the  first  two  being  manufactured,  while 
the  latter  is  obtained  in  certain  sections  of  the  world  by  simply  sinking 


Fig.  34. — Spirit-lamp. 


Fig.  35. — Vapor  stove  and  burner. 


iron  tubes,  through  which  the  gas  escapes  from  pockets  under  the 
earth's  surface. 

As  to  the  manufacture  of  artificial  gas,  coal-gas  is  made  by  the 
destructive  distillation  of  coal;  details  of  the  manufacture  can  be 
found  in  any  advanced  work  on  technical  chemistry.  Acetylene  is 
produced  by  the  action  of  water  on  calcium  carbide. 

Chemically,  these  fuel  gases  resemble  one  another,  all  being  com- 
binations of  carbon,  which  furnishes  the  heat  and  light  when  consumed 
in  the  presence  of  air  in  the  operation  of  combustion  in  different  forms 
of  burners,  according  as  the  intention  is  to  produce  a  luminous  or  a 
non-luminous  flame,  the  latter  being  used  for  heating  purposes. 

A  luminous  flame  is  produced  in  the  so-called  ''fish-tail"  burner, 
in  which  the  gas,  as  it  comes  in  contact  with  the  air,  is  ignited  by  a 
match  or  other  flame,  burning  to  carbon  dioxid  and  water  with  incom- 
plete combustion;  that  is,  in  the  reaction  all  the  carbon  is  not  con- 
sumed,  and  the  unconsumed  carbon,  through  the  influence  of  the 
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intense  heat  generated  by  the  chemical  reaction,  glows  with  heat,  or, 
technically  expressed,  becomes  "incandescent"  (Fig.  37). 

Why  can  some  part  of  the  carbon  escape  chemical  combustion? 

Bear  in  mind  that  the  combination  is  with  the  oxygen  of  the  air; 
that  the  gas  evolving  from  a  fish-tail  burner  forms  a  mass  of  some 
thickness.  The  oxygen  of  the  air  can  combine  only  with  the  outer 
surface  of  this  mass,  leaving  the  inside  of  the  flame  untouched;  just  as 
a  tightly  closed  book,  when  immersed  in  water,  will  be  soaking  wet  on 
the  outside  and  comparatively  dry  inside.  That  gas  inside  the  flame 
has  not  enough  oxygen  to  convert  all  the  carbon  into  carbonic  oxide, 
and  the  result  is  that  much  of  the  carbon  remains  unchanged,  glowing 
with  the  heat  of  the  ardent  reaction,  and  depositing  as  soot  when  it 
passes  from  the  flame.  The  fish-tail  flame  (Fig.  37)  may  be  quaintly 
likened  to  a  chemical  factory.  Zone  a  is  the  reception  room,  when  the 
crude  material  that  is  to  be  worked  up — the  gas  from  the  mains — comes 
in;  zone  b  is  the  workshop  where  the  chemical  reaction  is  carried  on 
with  the  utmost  vigor — where  the  hydrocarbon  of  which  gas  is  com- 
posed is  broken  into  carbon  and  hydrogen,  and  these  in  turn  combine 
with  the  oxygen  of  the  air  to  form  carbon  dioxide  and  water;  while 


Fig.  36. — Russian  alcohol  blast  lamp. 


Fig.  37.— Fish-tail  flame. 


zone  c  is  the  shipping-room,  whence  the  finished  products  just  men- 
tioned are  sent  away.  Since  the  soot  is  dirty  and  inconvenient  in 
cooking,  efforts  were  made  to  so  construct  a  burner  that  the  gas  would 
have  contact  with  the  air  (or  its  oxygen,  for  air  is  composed  of  nitrogen, 
oxygen,  and  some  carbon  dioxide),  in  parts  other  than  the  outer  surface, 
and  this  is  done  by  mixing  the  gas  with  air  before  burning  it  in  the 
Bunsen  burner.  Aside  from  the  great  advantage  of  freedom  from 
soot,  the  flame  of  the  Bunsen  burner  is  superior  to  the  ordinary  flame 
by  reason  of  its  greater  heat.  In  it  all  the  carbon  of  the  gas  becomes 
combined  with  the  oxygen  of  the  air,  and  it  is  self-evident  the  more 
chemical  reaction  occurs  in  a  certain  space  (as  in  the  mass  of  gas  issuing 
from  a  burner),  the  greater  will  be  the  heat  produced. 

With  this  purpose  in  view  the  Bunsen  burner  is  constructed  with 
a  few  modifications,  according  to  the  purpose  adapted.  In  its  simplest 
form  it  consists  of  an  upright  metallic  tube  with  orifices  at  the  bottom, 
and  as  the  gas  rushes  upward  through  the  tube,  it  mixes  with  air  that 
enters  through  the  bottom  orifices,  and  when  emerging  from  the  top 
of  the  tube  and  ignited,  it  contains  sufficient  air  thoroughly  to  combine 
with  all  the  carbon,  thus  producing  carbon  dioxide  and  water,  and  no 


HEAT 


71 


unconsumed  carbon  or  soot.  A  practical  form  of  this  type  is  seen  in 
Fig.  38. 

In  using  such  a  Bunser  burner  the  flame  sometimes  "strikes  back," 
that  is,  the  gas  which  is  ignited  at  the  top  of  the  tube  finally  catches 
fire  at  the  bottom  of  the  tube,  where  the  unmixed  gas  emerges,  thus 
producing  a  sooty  flame,  and  at  the  same  time  heating  the  brass  tube, 
sometimes  to  a  dangerous  extent.  Such  a  striking  back  can  be  avoided 
only  by  having  a  good  current  of  gas  turned  on.  It  can  usually  be 
detected  from  a  distance  by  the  peculiar  odor  of  acetylene  generated 
in  this  incomplete  combustion. 

For  the  purpose  of  more  extended  heating,  larger  varieties  of  the 
so-called  gas-stove  are  obtainable,  the  most  practical  of  which,  from 
the  pharmacist's  standpoint,  being  the  Fletcher  radial  burner  shown 
in  Fig.  39,  in  which  the  gas  is  mixed  with  the  air  in  a  horizontal  tube, 
and  emerges  through  radiating  slits  cut  into  a  central  dome,  thus 
making  a  flat,  clean,  and  intensely  hot  flame. 


Fig.  38. — Bunsen  burner. 


Fig.  39. — Fletcher's  radial  burner. 


In  the  old-fashioned  form  of  gas-stove  the  flame  used  was  a  luminous 
one,  and  the  blackening  of  the  utensils  through  soot  was  avoided  by 
placing  between  the  utensil  and  the  flame  a  wire  gauze. 

The  advantage  a  Bunsen  burner  possesses  over  the  ordinary  fish- 
tail burner  is  due  to  the  fact  that  the  gas  before  ignition  is  mixed  with 
sufficient  air  to  produce  a  complete  combustion,  and  this  is  of  benefit — ■ 
first,  in  producing  a  smokeless  flame,  and,  second,  in  giving  a  more 
intense  heat  than  is  produced  by  the  same  gas  when  burned  in  a  fish- 
tail burner. 

That  more  heat  is  produced  is  self-evident  when  we  consider  that 
the  heat  generated  is  in  direct  proportion  to  the  amount  of  the  chemical 
reaction,  and  since  in  the  fish-tail  burner  all  the  carbon  is  not  consumed, 
there  is,  therefore,  in  such  a  flame  less  heat  to  a  given  area  than  will 
be  produced  in  the  same  area  of  a  Bunsen  burner. 

This  explains  the  use  of  the  blow-pipe,  which  is  a  tube  placed  in 
a  luminous  flame  and  blowing  through  it  from  the  lungs  upon  the 
flame  a  sufficient  quantity  of  air  to  produce  complete  combustion.  In 
the  case  of  the  blow-pipe,  more  heat  is  produced  than  in  the  Bunsen 
burner,  for  the  reason  that  in  blowing  air  into  the  flame  the  flame  is 
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rendered  much  sharper  and  narrower  than  in  a  Bunsen  burner,  and 
in  this  way  heat  produced  by  chemical  action  is  concentrated  to  a 
more  limited  area;  hence  by  this  instrument  we  are  able  to  make  a 
very  intense  heat,  albeit  in  a  very  narrow  area. 

The  blow-pipe  consists  of  a  bent  and  tapering  brass  tube  ending 
in  a  very  minute  orifice,  the  larger  end  connecting  with  an  appropriate 
mouth-piece  which  is  pressed  firmly  against  the  lips  when  the  air  is 


Fig.  40. — Blow-pipes. 


energetically  blown  from  the  lungs  through  the  pipe  into  the  flame. 
In  the  cheaper  forms  of  such  blow-pipe,  where  no  mouth-piece  is  pro- 
vided, the  larger  end  should  be  fitted  with  a  piece  of  rubber  tubing 
to  prevent  the  lips  coming  in  contact  with  the  brass,  which  causes  irri- 
tation.    The  continuous  blowing  of  air  through  the  blow-pipe  is  merely 

a  matter  of  practice,  the  expert  being 
able  to  inhale  through  his  nose  at  the 
same  time  that  he  forces  the  air  from 
his  lungs  through  his  mouth  into  the 
blow-pipe,  and  this  must  be  done  if  a 
continuous  flame  is  desired  (Fig.  40). 

The  blow-pipe  is  used  entirely  for 
minute  operations,  such  as  small  chem- 
ical work,  or  for  insignificant  cases  of 
soldering  in  the  jewelry  business.  For 
large  operations  in  which  a  concen- 
trated flame  of  high  intensity  is  de- 
sired the  blast  lamp  (Fig.  41)  is  used, 
and  this  is  merely  a  modification  of  the 
blow-pipe  in  that  the  air  is  furnished  by  means  of  the  bellows  rather 
than  by  the  lungs,  and  thus  the  instrument  can  be  made  larger. 

In  such  a  blast  lamp  a  rather  large  flame  of  great  intensity  (1700°  C.) 
can  be  easily  attained,  with  the  sole  physical  outlay  of  operating  the 
bellows  with  the  foot.  When  a  very  intense  flame  is  desired,  the  same 
blast  can  be  applied,  but  instead  of  illuminating  gas,  hydrogen  is 
pumped  in,  and  instead  of  air,  oxygen  is  supplied.     This  forms  the 


Fig.  41. — Blast  lamp. 
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oxyhydrogen  blast  lamp,  and  with  this   instrument  a  heat   sufficient 
to  melt  platinum  (about  2000°  C.)  can  be  attained. 

Electricity  is  also  used  for  the  production  of  heat,  and  in  future 
will  play  a  more  important  role  in  our  domestic  economy.  Even  now 
electric  stoves  are  used  for  warming  purposes,  while  the  greatest  artificial 
heat  is  derived  by  the  use  of  the  Moissan  electric  furnace. 

BATHS 

Baths  in  pharmacy  are  devised  for  uniform  distribution  or  for  the 
limitation  of  heat.  Thus  the  heat  of  a  Bunsen  burner,  while  very  sat- 
isfactory, is  apt  to  be  more  intense  on  one  portion  of  the  utensil  being 
heated  than  on  another,  and  to  this  cause  is  due  most  of  the  fractures 
on  heating  glass  and  porcelain  utensils. 

It  is  a  dictum  that,  in  heating  substances  in  porcelain  or  glass 
utensils,  the  direct  heat  of  a  Bunsen  burner  should  never  be  applied, 
but  the  flame  should  be  uniformly  distributed  in  the  several  ways  at 
our  disposal.  The  simplest  form  for  the  uniform  distribution  of  heat 
is  a  sheet  of  asbestos  or  of  tin,  by  which  the  cylindric  flame  of  the 
Bunsen  burner  is  spread  out  to  the  entire  surface  of  the  interposing 
medium,  and  a  uniform  heat  is  in  turn  transmitted  from  it  to  the 
container  above. 

Far  more  convenient  than  these,  however,  is  a  piece  of  gauze  of 
iron  or  copper  wire.  Through  such  gauze  the  heat  more  readily  pene- 
trates than  through  asbestos,  and  at  the  same  time  the  heat  is  as 
uniformly  distributed  by  reason  of  the  fact  that  the  wire  of  which 
the  gauze  is  constructed  is  an  admirable  conductor  of  heat,  and  the 
moment  the  flame  comes  in  contact  with  the  gauze,  each  of  its  many 
filaments  aid  in  drawing  the  heat  to  every  portion  of  the  gauze.  This 
has  the  effect  of  chilling  the  flame  itself,  hence  such  flame  cannot  pass 
through  a  wire  gauze  until  the  gauze  has  become  heated  to  a  tem- 
perature almost  equal  to  the  flame. 

On  this  principle  is  based  the  construction  of  the  Davy's  safety 
lamp  for  use  in  mines,  the  use  of  which  is  of  no  pharmaceutic  importance. 

This  phenomenon  also  explains  why  smoke  cannot  penetrate  through 
such  gauze,  hence  the  value  of  gauze  in  the  old  form  of  gas-stove. 

Sand-baths.— A  sand-bath  consists  of  a  suitable  flat  dish  in  which 
is  put  a  sufficient  quantity  of  sand,  the  container  of  the  liquid  to  be 
evaporated  is  placed  therein,  and  the  sand  is  piled  around  so  as  to 
completely  surround  it.  Heat  by  means  of  the  Bunsen  burner  or  other 
flame  is  applied  under  the  dish,  and  is  gradually  uniformly  transmitted 
to  all  portions  of  the  heating  substance. 

In  this  form  of  bath  the  heat  is  limited  only  to  the  heat  produced 
by  the  burner,  the  sole  aim  being  to  distribute  the  heat  uniformly. 

Liquid  Baths. — These  consist  of  a  suitable  dish  containing  the 
liquid  which  is  to  be  heated,  the  heat  of  which  is  in  turn  transmitted 
to  the  substance  which  it  is  desired  to  make  hot. 

The  liquids  used  for  this  purpose  are  oil,  glycerin,  salt  water,  and 
water. 

The  oil-bath,  like  the  sand-bath,  uniformly  transmits  heat,  but  in 
addition  thereto  limits  the  amount  of  heat  by  reason  of  the  fact  that 
when  the  temperature  of  260°  C.  is  attained,  the  oil  begins  to  burn; 
that  is,  undergoes  decomposition,  with  the  formation  of  the  stifling 
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vapors  of  acrolein,  which  serve  as  a  warning  to  the  operator  that  a 
high  heat  has  been  attained. 

Glycerin  baths  act  on  the  same  principle  of  operation  as  the  oil-bath, 
and  are  limited  for  the  same  reason  to  250°  C.  Both  forms  of  baths 
are  not  so  much  used  now,  by  reason  of  the  fact  that  they  do  not  really 
limit  heat,  and  their  method  of  warning  to  the  operator  is  too  dis- 
agreeable to  be  popular. 

Toluene  and  xylene  baths  have,  therefore,  been  constructed.  (See 
Fig.  42.) 

These  liquids,  boiling  at  110°  C.  and  140°  C.  respectively,  are  placed 
in  a  jacketed  vessel  provided  with  a  long  glass  tube,  which  acts  as  an 
upright  condenser,  causing  the  vapors  to  chill 
to  a  liquid  and  drop  back  into  the  container. 
In  applying  heat  to  such  a  bath  the  tem- 
perature rises  to  the  boiling-point  of  the 
liquid,  and  the  vapors,  being  condensed  and 
returned  to  the  container,  are  not  lost;  hence 
in  such  a  bath  we  have  not  only  the  limit  of 
temperature,  but  also  a  practically  perpetual 
operation. 

A  salt-water  bath  is  based  on  the  same  prin- 
ciple as  the  water-bath,  save  that  it  consists 
of  an  aqueous  solution  of  some  salt  whereby 
the  temperature  of  the  boiling  liquid  is 
raised. 

A  bath  made  of  salt  water — saturated 
solution  of  sodium  chloride — was  formerly 
considerably  used  under  the  Latin  name, 
"balneum  maris."  Such  a  bath,  however, 
possesses  the  great  disadvantage  of  losing 
water  by  evaporation,  with  solidification  of 
the  remaining  saline  solution.  It  is,  there- 
fore, comparatively  little  used. 
Water-baths. — In  these  the  liquid  to  be  used  is  water,  and  since 
water  boils  at  100°  C,  the  temperature  of  the  bath  never  rises  above 
that  point.  A  consideration  of  why  water  does  not  boil  over  100°  F. 
is  left  for  a  subsequent  page,  and,  therefore,  attention  need  be  paid 
only  to  the  various  forms  of  water-bath  (Fig.  43). 

There  is  comparatively  little  necessity  for  buying  expensive  appa- 
ratus for  use  as  a  water-bath.  Any  tin  pail  filled  with  water  in  which 
the  evaporating  dish  can  be  rested,  or  into  which  the  flask  can  be  sunk, 
can  be  used.  An  excellent  form  of  expensive  water-bath  is  a  con- 
tinuous steam  apparatus  shown  in  appended  cut  (Fig.  44).  In  this 
the  water  trickles  from  faucet  into  the  well,  a,  the  excess  passing 
into  the  drain  by  overflow  pipe  6.  A  lighted  Bunsen  burner  is  placed 
beneath  the  well,  and  the  small  amount  of  water  is  rapidly  converted 
into  steam. 

Steam  Bath. — The  steam  bath  differs  from  the  water-bath  inasmuch 
as  the  substance  to  be  heated  comes  in  contact  with  steam  rather  than 
with  boiling  water.  While  steam  possesses  the  same  temperature  as 
boiling  water  (100°  C),  it  has  a  much  larger  actual  quantity  of  heat, 
as  will  be  explained  under  the  subject  of  Latent  Heat  (p.  85). 


42. — Meyer's 
bath. 


toluene 
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Suffice  it,  therefore,  to  say  that  while  in  the  steam  bath,  where  the 
steam  is  brought  into  contact  with  the  object  to  be  heated  at  the  ordinary 
atmospheric  pressure,  it  will  transmit  to  the  same  a  temperature  of 
100°  C;  on  the  other  hand,  if  the  apparatus  is  so  arranged  as  to 
bring  steam  under  pressure  into  the  bath,  a  higher  degree  of  heat  can 
be  attained.  Thus,  under  the  normal  atmospheric  pressure,  14.7 
pounds  to  the  square  inch,  steam  has  a  temperature  of  100°  C,  while  if 
steam  is  forced  in  until  the  pressure  of  100  pounds  to  the  square  inch 
is  obtained,  said  steam  will  have  a  temperature  of  164°  C.  Steam  of 
any  pressure  above  that  of  the  normal  atmosphere  is  said  to  be  super- 
heated. In  large  manufacturing 
concerns  steam,  either  under  normal 

pressure  or  in  the  superheated  state,  C^^^^ ~^^^      /^^ 

is  practically  the  only  form  of  heat  \  /       (f 

used  for  the  evaporation  of  delicate 
materials,  as  under  such  conditions 
there  is  little  danger  of  decomposi- 
tion of  the  product. 


Fig.  43. — Copper  water-bath. 


Fig.  44. — Meyer's  water-bath 


As  steam  baths  have  little  practical  application  in  retail  pharmacy, 
a  further  consideration  of  the  subject  is  omitted,  the  reader  being  referred 
to  some  text-book  on  advanced  physics  for  information  concerning 
laboratory  steam  kettles  used  for  open  pressure,  and  steam  coils  in 
which  the  steam  can  be  heated  under  normal  pressure  or  in  superheated 
condition.  A  well-known  variety  of  steam  coil  is  the  steam  radiator, 
so  largely  used  in  heating  houses. 

The  advantage  a  steam  coil  possesses  from  the  manufacturing 
standpoint  is  that  it  can  be  placed  directly  into  the  kettle  containing 
the  substance  to  be  cooked,  and  thus  the  substance  can  be  directly 
heated,  with  practically  no  loss  by  radiation. 

VALUATION  OF  HEAT 

While  we  commonly  speak  of  a  thermometer  as  an  instrument  used 
to  measure  heat  and  cold,  this  definition  is  only  partly  true,  as  by 
means  of  the  thermometer  we  measure  the  intensity  of  the  heat,  but 
not  the  actual  quantity  produced.  Thus,  while  it  is  true  that  with  a 
flame  producing  a  temperature  of  500°  C.  we  can  accomplish  more 
heating  in  a  given  time  than  we  can  with  a  flame  of  150°  C,  never- 
theless, if  we  use  a  flame  of  150°  C.  for  a  sufficient  length  of  time,  we 
can  usually  accomplish  as  much  as  with  a  500°  C.  flame  for  a  shorter 
time,  although  there  are,  of  course,  certain  operations  in  which  the 
intensity  of  heat  is  essential  and  a  lower  intensity  would  not  do,  even 
though  applied  for  a  proportionally  longer  time. 


76  PRINCIPLES  OF  PHARMACY 

For  measuring  the  actual  quantity  of  heat  the  unit  called  the 
calorie  has  been  devised.  This  unit  represents  the  amount  of  work 
done  by  a  flame. 

A  calorie  represents  the  amount  of  heat  necessary  to  raise  one  gramme 
of  water  from  zero  to  one  degree  Centigrade,  and  will  be  spoken  of  more 
fully  in  the  discussion  of  latent  heat. 

THERMOMETERS 

Thermometers  are  instruments  used  for  measuring  the  intensity 
of  heat,  but  not  the  quantity  thereof.  Most  of  these  instruments  are 
based  on  the  expansive  power  of  certain  liquids  and  gases.  It  is  char- 
acteristic of  a  large  number  of  varieties  of  matter  to  expand  with  a 
rise  in  temperature  and,  indeed,  in  regular  proportion  to  the  increase 
in  temperature.  Thus,  an  iron  bar  when  heated  expands,  and  if  the 
expansion  is  limited  to  the  longitudinal  direction  by  encasing  the  bar  in 
some  way  so  as  to  prevent  excessive  lateral  expansion,  the  expanded 
bar  can  be  made  to  operate  on  a  lever  which  moves  a  needle  on  a  dial, 
and  thus  represents  the  intensity  of  heat,  or  the  temperature.  Such 
is  the  simplest  form  of  the  so-called  pyrometer,  which  is  intended  to 
indicate  temperatures  greater  than  those  shown  by  the  ordinary  form 
of  thermometer. 

To  obtain  an  accurate  thermometer  the  expanding  substance 
should  be  liquid  or  gaseous,  and  in  the  early  days  such  forms  were 
devised,  the  first  being  by  Galileo,  who  took  a  glass  tube  filled  with 
alcohol  and,  as  the  heat  was  increased  and  the  liquid  expanded,  it  of 
necessity  rose  in  the  tube,  and  the  rise  could  be  measured,  and  in  this 
way  the  rise  in  temperature  was  crudely  estimated. 

Similar  rough  instruments  were  devised  from  time  to  time,  but  the 
first  step  in  the  scientific  direction  was  made  by  Fahrenheit  between 
1709  and  1724.  Fahrenheit's  first  improvement  was  to  use  mercury  in  the 
thermometer  instead  of  water  or  alcohol.  The  expansion  of  mercury 
is  very  delicate,  and  the  density  of  this  liquid  being  so  much  more 
than  water,  it  would  require  a  great  deal  less  of  same  than  of  water  or 
alcohol;  hence  in  the  Fahrenheit  thermometer  a  much  smaller  tube 
was  necessary  than  in  the  alcohol  thermometer. 

Fahrenheit  also  devised  the  first  acceptable  system  of  graduation, 
and  this  method,  somewhat  modified,  is  in  use  to  this  day.  In  graduat- 
ing this  thermometer  Fahrenheit  set  about  to  find  absolute  zero,  and 
finally  decided  that  the  greatest  cold  possible  was  that  produced  by 
a  mixture  of  ice  and  salt.  He  prepared  such  a  mixture,  plunged  his 
thermometer  into  same,  and  marked  off  the  place  where  the  mercury 
stood  at  this  temperature,  and  denominated  this  point  zero. 

That  the  temperature  of  ice  and  salt  is  the  greatest  cold  produced 
has  proved  false.  It  is  usual,  every  winter,  to  find  certain  sections 
of  the  world  where  the  temperature  falls  to  as  low  as  50°  or  60°  below 
zero,  while  by  chemical  means  the  temperature  of —  251°  C.  has  been 
attained,  and  experiments  of  physicists  seem  to  point  to  the  fact  that 
absolute  zero  is  —273°  C. 

Fahrenheit,  however,  having  arranged  his  zero  to  his  own  satis- 
faction, next  turned  to  look  for  another  authoritative  standard,  and 
for  this  he  determined  upon  the  temperature  of  the  blood.  He,  there- 
fore, placed  his  thermometer  under  his  arm,  noted  the  point  to  which 
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the  mercury  rose,  marked  the  space,  and,  for  some  reason  not  explained, 
denominated  this  "24."  The  space  on  the  tube  between  zero  and  24 
he  divided  into  24  spaces  called  degrees,  and  his  later  experiments 
showed  that  on  such  a  thermometer  melting  ice  registered  8°. 

Such  a  thermometer  was  intended  for  practical  use,  but  it  was 
soon  found  that  the  range  of  24  between  his  zero  and  the  temperature 
of  the  blood  was  scarcely  sufficient  for  practical  purposes,  hence  he 
devised  a  thermometer  in  which  his  former  degrees  were  multiplied 
by  four,  and  on  such  thermometer  the  freez- 
ing-point of  ice  was  32°,  and  the  temperature 
of  the  blood  96°,  and  in  terms  of  these  degrees 
the  boiling-point  of  water  registered  212°. 

Fahrenheit's  thermometer,  while  a  step  in 
the  right  direction,  has  the  misfortune  of  being 
based  on  an  unscientific  standard,  as  ice  and 
salt  do  not  produce  the  lowest  known  tem- 
perature, and,  moreover,  do  not  always  repre- 
sent exactly  the  same  temperature  experience 
has  long  since  proved.  In  the  same  way  the 
statement  that  96°  is  the  temperature  of  the 
blood  is  not  absolutely  accurate,  inasmuch  as 
the  blood's  temperature  varies  according  to  the 
condition  of  the  person. 

The  graduation  adopted  by  Reaumur  in 
1730  was  a  decided  advance  over  the  Fahren- 
heit system,  inasmuch  as  Reaumur  took  for 
zero  an  absolute  standard  very  easily  deter- 
mined (the  melting-point  of  ice),  and  chose 
for  his  higher  standard  the  equally  accurate 
and  easy  unit  of  the  temperature  of  boiling 
water.  The  latter,  however,  he  denominated 
80°,  and  the  scale  was,  therefore,  much  im- 
proved by  Celsius  in  1740  in  devising  his  Centi- 
grade system,  in  which  the  melting-point  of  ice  is  zero  and  the  boiling- 
point  of  water  100°,  and  the  space  between  was  accurately  divided  into 
100  parts. 

A  comparison  of  the  thermometers  can  be  best  shown  by  ap- 
pended sketch  (Fig.  45),  in  which  it  can  be  noted  that  while  in  the 
Fahrenheit  thermometer  the  space  between  the  freezing-point  and 
boiling-point  is  divided  into  180°  (212°-32°),  the  same  space  on  the 
Celsius  is  divided  into  100°.  Therefore,  we  can  sum  up  the  relative 
values  as  follows: 


Fig.  45. — Comparison  of 
Fahrenheit  and  Centigrade 
thermometers. 


180°  F.  =  100"  C. 
1.8°  F.=       1°C. 


To  sum  up: 


Difference,  180' 
100° 


Fahrenheit Melting-point,  32°     Boiling-point,  212' 

Centigrade '^  0°  "  100= 

which  evolves  the  very  important  point  that  1°  Centigrade  equals  1.8° 
Fahrenheit. 

If  both  Fahrenheit  and  Centigrade  had  the  same  zero,  or  starting- 
point,  the  conversion  of  one  into  the  other  would  be  very  simple,  as  it 
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would  only  mean  multiplying  or  dividing  by  1.8,  but  where  zero  is  on 
Celsius  (or  Centigrade)  scale,  32°  is  on  the  Fahrenheit,  and  this  32, 
accordingly,  comes  in  as  a  factor  in  changing  one  kind  of  degree  into 
the  other. 

The  rules  of  conversion  can  be  abbreviated  thus: 

C.  into  F.:X1.8  and +  32;  F.  into  C.:-32  and  ^1.8,  to_  which  might 
be  added  for  temperatures  below  the  freezing-point,  C.  into  F.:X1.8 
and -32;  F.  into  C.:  +  32  and -^1.8. 

To  explain  this,  sketch  a  thermometer,  similar  to  that  pictured 
above,  with  Centigrade  markings  on  one  side  and  Fahrenheit  on  the 
other,  beginning  with  a  line  marked  0  on  the  Centigrade  side  and 
32  on  the  Fahrenheit. 

Suppose  we  have  50°  C.  as  a  starter: 

50X1.8  =  90.0 — 90  Fahrenheit  degrees  but  not  degrees  Fahrenheit. 
It  means  90  Fahrenheit  degrees  above  the  melting-point  of  ice,  and 
this  point  is  32  Fahrenheit  degrees  above  the  Fahrenheit  zero.  To 
get  the  actual  degrees  Fahrenheit  in  50°  C.  we  must  add  this  32  to 
the  90  already  gotten,  when  we  find  that  122°  F.  =  50°  C. 

We  will  try  the  reverse  problem:  How  many  degrees  Centigrade 
in  122°  F.?  We  first  get  this  figure  on  the  same  basis  as  zero  Centi- 
grade. This  we  do  by  subtracting  32  from  122,  thus  finding  how  many 
Fahrenheit  degrees  122°  is  above  the  melting-point  of  ice.  The  differ- 
ence between  32  and  122  is  90,  and  this,  divided  by  1.8,  gives  us  50. 
Therefore  122°  F.  equals  50°  C. 

Below  the  melting-point  of  ice,  the  matter  is  a  little  more  difficult 
of  explanation.  Let  us  choose  as  our  example  how  many  degrees 
Fahrenheit  in  -35°  C. 

35X1.8  =  63  Fahrenheit  degrees,  not  degrees  Fahrenheit,  below  the 
melting-point  of  ice — 63  Fahrenheit  degrees  below  the  point  that  is 
marked  zero  on  the  Centigrade  scale.  The  point  marked  zero  on  the 
Centigrade  scale  means  32°  Fahrenheit;  so  the  63  degrees  we  have 
spoken  of  will  be  partly  above  and  partly  below  zero  Fahrenheit;  32 
degrees  of  it  will  be  above  zero,  the  balance  (63-32),  which  is  31  °,  will  be 
below  zero  Fahrenheit,  and  thus  we  see  that  —  35°  C.  is  equal  to  —  31°  F. 
Inversely,  if  we  want  to  know  the  value  of  —31°  F.  in  the  Centigrade 
scale,  the  first  thing  to  do  is  to  find  how  many  Fahrenheit  degrees  there 
are  between  —31°  and  that  point  on  the  Fahrenheit  thermometer 
which  equals  0°  C.  This  point  is  32°  F.  If  there  are  31°  below  zero 
and  32°  above  that  point  to  0°  C,  then  the  number  of  Fahrenheit 
degrees  between  31°  F.  and  the  point  marked  zero  on  the  Centigrade 
scale  is  31+32  =  63. 

In  other  words,  — 31°  F.  is  63  Fahrenheit  degrees  below  zero  Centi- 
grade. Take  63,  divide  by  1.8,  and  we  get  35,  showing  that  —31°  F. 
equals  -35°  C. 

Conversion  of  Fahrenheit  markings  into  Reaumur  and  Reaumur 
markings  into  Fahrenheit  is  of  comparatively  little  importance  in 
American  pharmacy;  therefore,  a  brief  statement  of  the  factor  will 
suffice. 

If  0.8°  R.  =  1.8°  F. 

Then,  1°  R.  =  Y"  X  1.8,  or  2.25°  F. 

Then  to  convert  Reaumur  into  Fahrenheit  multiply  by  2.25  and  add  32. 

Then  to  convert  Fahrenheit  into  Reaumur  subtract  32  and  divide  by  2.25. 
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Varieties  of  Thermometers. — The  usual  form  of  thermometer 
consists  of  a  glass  bulb  to  which  is  attached  a  capillary  tube.  In  it  is 
placed  a  sufficient  quantity  of  boiled  mercury  to  fill  the  bulb  and  the 
lower  portion  of  the  tube.  In  the  cheaper  form  of  thermometer  air 
is  allowed  to  remain  in  the  rest  of  the  tube,  which  is  sealed  at  the  other 
end.  In  such  thermometers,  however,  after  continued  use,  the  mercury 
is  gradually  oxidized  by  the  air,  rendering  the  instrument  less  accurate; 
therefore  in  the  finer  grades  of  thermometer 
the  air  is  replaced  by  pure  nitrogen,  or  a 
vacuum  is  made  in  the  tube.  This  bulb  and 
tube  is  then  attached  to  a  scale  in  the  several 
ways  that  convenience  suggests,  the  cheaper 
forms  of  thermometer  being  merely  fastened 
to  a  piece  of  wood  on  which  the  scale  is 
marked,  while  the  chemical  and  pharma- 
ceutic thermometers  are  usually  inclosed  in  a 
glass  tube  inside  of  which  the  scale  is  placed, 
the  intention  in  this  case  being  to  make  the 
thermometer  of  cylindric  form  and  sufficiently 
small  to  permit  insertion  through  a  cork,  and  ' 
then  into  the  neck  of  a  flask.  On  such 
thermometer  the  scale  is  made  of  paper  or 
porcelain  placed  inside  of  the  outer  tube,  or 
else  it  is  engraved  on  the  outer  surface  of 
the  outer  tube,  the  latter  being  particularly 
the  case  in  the  exceedingly  small  and  deli- 
cate thermometers  used  in  estimating  boiling- 
and  melting-points  (Fig.  46). 

In  purchasing  a  thermometer  for  pharma- 
ceutic purposes,  always  avoid  those  with 
paper  scales,  for  should  one  be  heated  above 
125°,  it  will  scorch  and  even  char,  and  the 
reduction  in  cost,  as  compared  to  the  por- 
celain scaled  thermometer,  is  too  little  to 
justify  the  economy. 

It  is  needless  to  say  that  a  Centigrade 
thermometer  should  be  so  accurately  adjusted 
that  the  zero  mark  coincides  with  the  height 
of  the  mercury  column  when  plunged  into 
melting  ice,  and  that  the  100°  mark  should 
agree  with  the  height  of  the  mercury  column  when  placed  in  the  tem- 
perature of  steam. 

To  test  thermometers  for  this  purpose  is  a  very  simple  matter. 
Such  tests  should  be  made  from  time  to  time  on  every  thermometer 
used,  as  the  glass  in  the  thermometer,  on  aging,  undergoes  more  or  less 
contraction  and  therefore  is  apt  to  become  inaccurate.  Details  of  this 
testing  will  be  found  in  Part  VI. 

A  modification  of  the  thermometer,  sold  in  pharmacies,  although 
not  used  in  pharmaceutic  operations,  is  the  well-known  fever  ther- 
mometer. This  is  generally  limited  to  the  temperature  of  the  hurnan 
body — say  from  90°  to  110°  F.  Thermometers  of  such  limited  marking 
can,  of  course,  be  made  smaller  than  those  of  larger  scope,  hence  are 
more  convenient  for  carrying  by  a  physician. 
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46. — Chemical  thermom- 
eters. 


80  PRINCIPLES   OF   PHARMACY 

A  popular  form  of  this  instrument  is  the  so-called  "self-registering 
thermometer,"  in  which  a  portion  of  the  mercury  rises  to  the  greatest 
height  in  the  operation,  and  does  not  return  with  the  rest  of  the  mercury 
in  contracting,  thus  leaving  a  register  of  the  patient's  temperature  for 
examination  by  the  physician  on  his  return  visit. 

This  break  in  the  mercury  column  must  be  remedied  before  the 
thermometer  is  used  for  another  operation,  and  this  can  be  done  very 
simply  by  grasping  the  thermometer  by  the  upper  end,  raising  same 
above  the  shoulder,  and  giving  it  a  downward  circular  sweep.  This,  re- 
peated several  times,  will  remedy  the  break.  The  same  treatment  applies 
to  a  chemical  thermometer  when  such  a  break  in  the  filament  occurs. 

In  some  cases,  however,  the  break  is  so  persistent  as  to  resist  these 
efforts,  when  it  can  be  brought  down  by  gently  warming  the  ther- 
mometer until  the  mercury  rises  to  the  broken  part  and  forces  same  up, 
and  then  shaking  the  mercury  down  as  above  mentioned. 

Other  Varieties  of  Thermometers. — In  pharmacy  the  ther- 
mometers above  mentioned  are  practically  the  only  ones  employed, 
and  to  such  thermometers  the  measure  of  the  temperature  is  limited 
to  minus  40°  C,  the  freezing-point  of  mercury,  and  to  plus  360°  C, 
the  boiling-point  of  mercury.  In  technic  the  measurement  of  higher 
temperatures  is  often  desired,  and  for  such  purposes  modifications 
called  "pyrometers"  are  employed.  The  simplest  form  of  pyrometer 
is  the  iron  bar  mentioned  on  p.  76.  In  another  form  the  bulb  and 
tubQ  are  made  of  finest  porcelain,  filled  with  air,  which  expands  on 
heating,  and  the  expansion  is  measured  by  the  pressure  of  the  air  on 
a  mercury  column. 

A  more  modern  form  of  pyrometer  is  one  in  which  electricity  is 
employed,  this  acting  on  the  principle  that  certain  substances  on 
heating  show  more  resistance  to  electricity  than  when  cold;  indeed,  in 
exact  proportion  to  the  increase  of  temperature.  Therefore  in  such 
an  instrument  a  current  of  electricity  is  conducted  through  the  metal, 
which  acts  as  the  thermometer,  and  the  temperature  is  estimated 
from  the  reading  of  the  resistance  gauge,  or  ammeter.   ■ 


CHAPTER  V 

APPLICATIONS  OF  HEAT 

In  studying  the  dozen  or  more  pharmaceutic  processes  involving 
the  use  of  heat,  we  note  that  they  can  be  best  understood  when  pre- 
sented in  the  following  tabulated  form : 

1.  Chemical  change  in  the  heated  product: 

((a)  CO2  eliminated,  calcination, 
(b)  Gas  eliminated  with  a  flame,  ignition. 
(c)  Gas  eliminated  with  crackling  sound, 
deflagration, 
f  (a)  Strong  heat  without  access  of  air, 
carbonization. 

2.  Substance  is  organic.  i  (b)  Strong  heat  with  access  of  air,  in- 

I      cineration. 

I  (c)  Moderate  heat  only,  torrefaction. 
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II.  Physical  change  produced  in  heated  product: 

1.  Solid  temporarily  changed  to  liquid,  fusion. 

2.  Solid  or  liquid  temporarily  changed  to  gas,  vaporization. 

The  modifications  of  vaporization  can  best  be  tabulated  as  follows: 


Method. 
Simple  vaporization. 


Vaporization  and  condensa- 
tion  


Object  Sought.  Name  of  Process. 

f(a)  Liquid  residue Evaporation. 
f  Desiccation. 
(6)  Solid  residue \  Exsiccation. 

i  Granulation. 

/  (a)  Volatile  liquid Distillation. 

\  (6)  Volatile  solid Sublimation. 


Discussing  the  several  processes  individually  we  find  the  following 
points  of  interest  and  importance. 

Calcination  is  the  process  of  strongly  heating  a  carbonate,  whereby 
the  gas,  carbon  dioxide,  is  driven  off  and  the  oxide  of  the  metal  remains. 

Note  the  similarity  between  the  words  "calcination"  and  ''calx." 
Calx  is  the  Latin  name  for  lime,  calcium  oxide,  CaO,  which  is  made  by 
strongly  heating  calcium  carbonate,  CaCOg,  when  carbon  dioxide, 
CO2,  passes  off.  By  the  identical  process — calcination — the  oxides  of 
magnesium  and  zinc  are  produced,  as  the  following  comparison  shows: 


CaCOs 

COj 

Ca    O 


MgCOa 
CO, 

Mg    O 


ZnCOs 

CO, 

Zn    O 


The  results  of  above  subtraction — the  remaining  oxides — are  said 
to  be  "calcined." 

While  the  largest  operations  of  calcination  are  performed  in  huge 
plants  of  masonry  called  lime-kilns,  in  the  laboratory  the  substance  to 
be  calcined  is  usually  placed  in  an  evaporating  dish  (see  p.  94)  or  in 
a  crucible,  the  source  of  heat  being  a  blast  lamp. 

Crucibles  are  utensils  of  various  sizes, 
shapes,  and  materials,  according  to  the  ob- 
jects for  which  intended.  The  name  cruci- 
ble dates  from  the  middle  ages,  when  the 
alchemists  (the  forerunners  of  the  chemists), 
in  invoking  Divine  aid  in  their  operations, 
marked  utensils  of  this  character  with  the 
sign  of  the  cross  (Latin,  "crux"). 

The  modern  crucibles  are  made  of  the 
following  materials: 

Fire-clay  or  Hessian  crucibles  (Fig.  47) 
are  very  cheap  and  convenient  apparatus 
for  conducting  high  heat  experiments.  They 
usually  come  nested,  in  sizes  ranging  from 
15  to  500  Cc.  Their  chief  drawback  is  that 
they  are  poorly  annealed,  and  are  therefore  liable  to  break, 
over,  they  are  too  porous  to  hold  water. 

Graphite  crucibles  are  more  expensive,  but  are  durable.  They  are 
commonly  called  "black-lead  crucibles,"  and  are  of  the  same  material 


Fig.  47. — Hessian  crucible. 


More- 
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of  which  the  "lead"  of  pencils  and  the  cake  stove-blacking  is  composed. 
They  are  used  more  for  chemical  than  for  pharmaceutic  work,  as  is 
also  that  form  of  crucible,  "the  cupel,"  which  is  made  of  bone-ash  and 
used  exclusively  in  metallurgy. 

Porcelain  crucibles  are  the  most  popular  of  all 
forms  of  crucibles,  they  being  comparatively  durable, 
easy  to  clean,  and  moderate  in  price.  They  can  be 
obtained  in  all  sizes,  but  the  most  convenient  are 
those  of  15  to  30  Cc.  capacity  (Fig.  48). 


Fig.  48. — Porcelain  crucibles.         Fig.  49. — Platinum  crucible. 


Fig.  50.— Crucible 
tongs. 


Platinum  crucibles  are  too  expensive  to  be  of  ordinary  pharmaceutic 
use,  but  the  purchase  of  a  platinum  crucible  is  by  no  means  a  bad 
investment,  as  when  the  instrument  has  become  worn  out,  the 
platinum  of   which   it  is  composed  can  be  sold  at  a  price  but  little 

below  its  original  cost.  The  most  con- 
venient size  of  platinum  crucible  is  one  of 
10  to  15  Cc.  capacity.  They  are  of  great 
value,  because  durable  and  because  possess- 
ing powers  of  resistance  against  chemicals 
far  greater  than  other  metals.  This  great 
advantage  must  not  be  abused,  however, 
for  it  should  be  clearly  remembered  that 
sulphides,  hypophosphites,  potassium  and 
lead  salts  affect  platinum,  ruining  the  cruci- 
ble in  which  they  are  heated. 

Appliances  necessary  to  the  successful 
handling  of  crucibles  are  crucible  tongs  (Fig. 
50) ,  which  are  used  for  lifting  crucibles  and 
triangles  on  which  they  rest  while  being 
heated.  These,  as  shown  in  cut,  primarily 
consist  of  iron  wire  covered  by  clay  piping, 
hence  obtainable  at  small  cost.  The  triangle 
rests  on  or  is  supported  by  a  tripod  (Fig. 
51)  or  else  on  the  ring  of  a  retort  stand. 
Ignition  is  the  process  of  heating  inorganic  matter  strongly,  whereby 
certain  portions  are  driven  off  in  gaseous  forms  (usually  with  formation 
of  a  flame),  leaving  the  non-volatile  residue.  This  process  is  used  in 
pharmacy  in  some  analyses,  for  example:  the  United  States  Pharma- 
copoeia of  1890  directed  in  a  test  for  sulphurated  antimony,  that  the 
same,  on  being  heated,  should  lose  its  sulphur  by  ignition,  leaving  a 
residue   consisting  chiefly  of  antimony  oxide.      Likewise  ignition  is 


Fig.  51. — Heating  crucible:  a, 
Crucible;  b,  triangle;  c,  tripod;  d, 
Bunsen  burner. 
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used  in  the  burning  of  iron  pyrites,  when  the  sulphur  which  it  contains 
combines  with  the  oxygen  of  the  air  to  form  the  gas  sulphurous  oxide, 
leaving  a  residue  (ferric  oxide)  behind. 

The  ignitions  of  pharmacy  are  usually  performed  on  platinum 
foil,  in  crucibles,  or  in  evaporating  dishes,  or  even  on  the  end  of  a  spatula 
or  knife-blade.  Thus  the  presence  of  calcium  sulphate  in  a  sample  of 
precipitated  sulphur  is  easily  detected  by  igniting  a  bit  of  the  suspected 
chemical  on  the  blade  of  a  spatula,  when  it  leaves  a  residue  only  in  case 
calcium  sulphate  is  present. 

Deflagration  is  the  process  of  strongly  heating  a  substance  readily 
yielding  oxygen,  when  this  element  is  evolved  with  a  characteristic 
crackling  sound.  This  phenomenon  occurs  when  potassium 
nitrate  or  potassium  chlorate  is  heated,  and  the  process 
is  quite  different  from  that  of  "decrepitation,"  which  will 
be  explained  in  the  chapter  on  Crystallization. 

Deflagration  is  used  in  no  process  of  pharmacy,  but  it 
is  of  value  in  the  testing  of  some  official  chemicals,  such 
as  potassium  nitrate.  To  produce  deflagration  the  salt  is 
sprinkled  on  hot  coals,  or  is  heated  on  platinum  foil  or  is 
placed  in  a  deflagrating  spoon  (Fig.  52). 

Carbonization  is  the  process  of  strongly  heating  an 
organic  substance  (that  is,  a  substance  containing  carbon) 
in  a  vessel  protected  from  access  of  air.  Under  this  treat- 
ment the  hydrogen  and  oxygen  usually  found  in  organic 
substances  associated  with  carbon  pass  off  in  the  form  of 
water,  leaving  behind  the  carbon  or  charcoal. 

This  process  is  rarely  employed  in  pharmacy,  and  when 
utilized  may  be  performed  in  a  rather  tightly  covered  cruci- 
ble. The  typical  example  of  carbonization  is  the  manu- 
facture of  charcoal, — "the  charcoal  burning, " — an  industry 
of  the  southern  United  States. 

If  carbonization  is  carried  on  in  a  retort  and  the  volatile 
products  collected,  the  process  is  called  destructive  distilla- 
tion. By  such  destructive  distillation  of  wood,  wood-alcohol, 
acetone,  and  acetic  acid  are  now  made.  p.        _ 

Incineration  is  the  process  of  strongly  heating  an  or-    Defl'agration 
ganic  substance  with  access  of  air,  whereupon  the  carbon,     spoon, 
as  well  as  the  hydrogen  and  oxygen,  is  dissipated,  as  oxida- 
tion products,  and  nothing  is   left  but   inorganic   salts  found  in  the 
original  substance,  and  commonly  called  ashes. 

Incineration  is  like  carbonization,  save  that  the  former  process  is 
performed  in  a  utensil  where  the  air  cannot  get  at  the  organic  substance, 
while  in  incineration  the  air  has  full  access.  This  makes  the  important 
difference  that  in  carbonization  the  residue,  after  heating,  is  carbon  or 
charcoal  and  inorganic  salts;  while  in  incineration  the  cari)on  combines 
with  the  oxygen  of  the  air  to  form  the  gas,  carbon  dioxide,  COj,  which 
passes  off,  leaving  behind  only  a  small  residue  (ashes)  consisting  of 
inorganic  salts.  Such  an  operation  is  every  open  fire;  such  is  the  process 
of  cremation.  Its  use  in  modern  pharmacy  is  limited  to  chemical 
examinations,  the  amount  of  ash  yielded  by  drugs  being  in  some  cases 
a  valuable  criterion  of  quality.  Such  ash  estimations  are  performed 
by  carefully  drying  a  crucible  by  heating  in  Bunsen  burner  for  fifteen 
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minutes,  weighing  same  after  cooling  in  a  desiccator  (p.  109),  care- 
fully placing  the  drug  in  the  crucible,  and  weighing,  incinerating  same, 
and  finally  weighing  the  remaining  ash. 

In  alchemistic  times  the  ashes  from  certain  plants  were  supposed 
to  be  of  great  value  in  medicine.  Thus  the  ashes  of  wormwood, 
which  modern  chemistry  has  shown  to  consist  chiefly  of  potassium 
carbonate,  was  highly  esteemed  under  the  name  of  *'sal  absinthii, "  or 
"salt  of  wormwood,"  two  synonyms  which  still  cling  to  the  commercial 
salt. 

Torrefaction  is  the  process  of  more  moderately  heating  organic 
matter  with  access  of  air,  in  which  case  the  active  principles  of  the 
substance  are  not  eliminated,  but  are  merely  modified.  The  process 
is  what  is  commonly  called  "roasting,"  and  a  familiar  illustration  is  the 
roasting  of  coffee,  peanuts,  etc.  In  pharmacy  it  is  an  obsolete  process, 
although  formerly  "torrefied  rhubarb"  enjoyed  considerable  vogue. 

The  operation  is  performed  by  placing  the  drug  in  an  evaporating 
dish,  watch-glass,  or  crucible,  and  exposing  it  to  a  steady  moderate 
heat;  best  applied  by  means  of  a  drying  oven  (p.  109). 

Fusion  is  the  process  of  converting  a  solid  into 
a  liquid  by  means  of  heat  without  the  aid  of  a  sol- 
vent, the  object  usually  being  to  enable  the  strain- 
ing of  the  fluid  mass  or  the  molding  of  it  to  some 
special  shape  at  the  moment  of  solidification.  The 
process  is  so  well  known  that  it  is  scarcely  necessary 
to  do  more  than  refer  to  the  well-known  operation 
of  melting  wax  as  an  illustration  of  fusion.  This, 
therefore,  is  an  official  fused  substance,  as  is  also 
the  official  molded  silver  nitrate. 

Substances  are  fused  in  any  appropriate  vessel, 
— crucible,  test-tube,  or  dish, — and  the  melted  mass 
strained  or  poured  into  molds  as  desired,  it  being 
hardly  necessary  to  state  that  since  the  liquid  re- 
turns to  solid  form  as  soon  as  the  heated  mass  re- 
verts to  ordinary  temperature,  the  fused  condition 
is  merely  temporary. 

The  melting-point  of  a  substance  is  estimated  by 
placing  the  powdered   mass  in  a  very  small  tube, 
attaching  this  tube  to  a  thermometer,  and  immers- 
ing the  thermometer  and  tube  into  concentrated  sul- 
phuric acid  contained  in  a  beaker  or  flask  (Fig.  53). 
Heat  is  then  applied  to  the  acid,  and  the  moment 
the  substance  fuses,  the  thermometer  is  read. 
Vaporization  is  a  general  term  meaning  the  change  of  a  solid  or 
a  liquid  into  a  vapor;  the  latter  term  meaning  the  gaseous  form  of  a 
substance,  which  at  ordinary  temperatures  is  either  a  solid  or  a  liquid. 
Liquids  and  solids  are  held  together  by  the  force  of  cohesion  exerted 
by  their  molecules.     In  gases,  the  molecules,  instead  of  being  held 
together,  actually  repel  each  other;  the  force  of  cohesion  is  practically 
overcome.     To  overcome  this  requires  much  energy,  and  it  is  into  such 
energy  that  that  surplus  heat  of  vaporization  is  converted.     Steam, 
when  placed  in  a  position  in  which  it  can  gradually  assume  normal 
temperature,  reconverts  the  energy  necessary  to  keep  its  molecules 


Fig.  53.— Melting- 
point  apparatus:  a, 
Flask;  b,  thermom- 
eter; c,  substance  in 
tube. 
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apart  into  heat,  imparts  this  heat  to  the  surrounding  media,  and 
returns  to  liquid  form.  Even  so  do  all  volatile  liquids,  and  the  process 
whereby  a  vapor  passes  into  a  liquid  form  is  called  condensation.  This 
condensation  is  usually  hastened,  in  general  practice,  by  application 
of  cold  water  or  ice  to  the  vapor. 

The  form  of  energy  necessary  to  keep  the  molecules  of  a  substance 
sufficiently  far  apart  to  maintain  the  vapor  form  of  that  substance 
is  called  "latent  heat  of  vaporization.''  Latent  heat  can  be  simply 
explained  as  follows:  We  take  a  flame  that  would  register  500°  C. 
on  a  thermometer  and  put  over  it  a  pot  of  hot  water;  the  temperature 
of  that  water  will  never  rise  much  above  100°  C.  Possibly  it  may 
reach  102°  or  103°  F.,  but  hardly  higher.  What  then  becomes  of  the 
surplus  heat  of  the  flame?  It  becomes  hidden,  it  is  said;  hence  the 
term  "latent,"  from  the  Latin  "lateo,"  to  hide. 

But  the  term  is  scarcely  correct.  We  learned  in  Chapter  IV.  that 
heat  was  molecular  motion — a  kind  of  energy.  Now  this  energy  can 
be  transformed  into  other  forms  of  energy  under  certain  conditions, 
and  that  is  what  happens  in  the  case  under  consideration. 

Water  when  it  reaches  100°  C.  is  converted  into  steam — it  is  changed 
from  a  liquid  to  a  gas.  This  transformation  means  work.  It  means 
expenditure  of  energy,  and  the  energy  needed  comes  from  those  400  °  C. 
of  heat  which  we  say  becomes  latent. 

One  of  the  fundamental  rules  of  physics  is  that  energy  is  never 
lost.  We  may  lose  sight  of  it,  but  it  merely  assumes  another  form. 
Accordingly,  all  that  energy — all  those  400°  latent  heat  in  the  flame — 
is  to  be  found  in  the  steam,  ready  for  other  work,  as  can  be  shown  as 
follows: 

Take  equal  parts  of  water  at  100°  and  at  0°  and  the  mixture  will 
have  a  temperature  of  50°,  the  mean  of  100  and  0.  Take,  on  the  other 
hand,  equal  parts  of  steam  at  100°  and  water  at  0°  and  we  get  water 
at  100°.  This  shows  that  steam  at  100°  contains  more  heat  than 
water  at  100°;  that  this  extra  heat  is  used  to  hold  the  molecules  of  the 
vaporized  water  apart.  The  exact  quantity  of  energy  has  been  gaged, 
and  it  is  found  by  experiment  that  one  part  of  steam  at  100°  is  not 
merely  capable  of  raising  one  part  of  water  from  zero  to  100°,  but  can 
actually  raise  5.4  pounds  of  water  from  zero  to  100°.  Accordingly,  1 
pound  steam  can  raise  540  pounds  water  1°  C,  and  we,  therefore,. say 
the  latent  heat  of  steam  is  540  calories  (the  exact  figure  is  535.9). 

This  explains  why  steam  is  so  much  more  valuable  for  heating 
purposes  than  an  equivalent  amount  of  water  at  the  same  temperature, 
as  it  also  explains  why  steam  is  so  much  "hotter"  than  water  at  the 
same  temperature;  why  a  steam  scald  is  so  much  more  painful  than 
a  scald  from  boiling  w'ater. 

The  changing  of  the  liquid  into  vapor  occurs  at  all  temperatures. 
That  water,  for  example,  evaporates  freely  at  ordinary  temperatures 
is  demonstrated  by  the  fact  that  a  towel  soaked  in  water  and  hung  in 
such  a  position  as  to  allow  access  of  air  will  readily  dry,  or,  in  other 
words,  water  will  evaporate  therefrom.  However,  water  evaporates 
with  the  greatest  facility  only  when  the  boiling-point  is  attained. 

The  boiling-point  is  of  such  pharmaceutic  importance  that  it 
behooves  every  student  clearly  to  understand  when  and  how  ebullition, 
or  boiling,  commences. 
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When  a  pot  of  water  is  on  the  fire,  the  first  part  of  the  liquid  to  reach 
100°  C.  is  that  nearest  the  fiame — at  the  bottom  of  the  pot.  It  is, 
therefore,  the  water  at  the  bottom  that  is  first  changed  to  steam. 

Steam  is  vapor — a  state  of  aggregation  in  which  the  molecules 
tend  to  get  away  from  each  other.  They  have  overcome  the  force  of 
cohesion,  are  wild  to  break  bounds  and  escape  into  the  open  air.  This 
tendency  of  a  liquid  to  expand  to  a  gas  is  called  the  tension  of  its 
vapor. 

The  steam  at  the  bottom  of  the  kettle  has  its  tension,  but  it  is 
restrained  in  two  ways.  It  has  above  it  the  weight  of  the  column  of 
water  in  the  pot,  and  on  top  of  this  the  weight  of  the  atmosphere,  which 
presses  down  with  the  force  of  almost  fifteen  pounds  to  each  square 
inch  of  surface.  Before  the  steam  can  escape,  before  the  bubbles  of 
vapor  can  rise  to  the  surface,  the  combined  restraining  power  must  be 
overcome  by  the  tension  of  the  vapor  of  water,  and  the  point  where 
the  tension  of  the  vapor  overcomes  the  pressure  of  the  atmosphere  is 
the  boiling-point,  and  is  attained  only  at  a  certain  degree  of  heat 
absolutely  fixed  for  each  liquid. 

Vapor  may  pass  off  at  temperature  under  the  boiling-point,  but  it 
then  passes  from  the  surface  of  the  liquid,  with  little  or  no  disturbance, 
and  takes  place  rather  slowly. 

It  is  only  at  that  supreme  moment — that  moment  when  the  heat 
attained  is  sufficient  to  raise  the  tension  of  the  vapor  above  the  pressure 
of  the  atmosphere,  that  the  liquid  boils;  that  bubbles  of  steam  arise 
from  the  bottom  of  the  heated  liquid. 

The  statement  that  a  liquid  begins  to  boil  when  the  tension  of  its 
vapor  is  greater  than  the  pressure  of  the  atmosphere  can  be  easily 
demonstrated  by  the  following  simple  experiment: 

A  glass  tube  sealed  at  one  end  and  about  three  feet  long  is  exactly 
filled  with  mercury,  and  inverted  into  a  bowl  containing  the  same 
liquid.  It  will  be  noted  that  the  mercury  in  the  bowl  will  support  a 
column  of  mercury  inside  the  tube,  usually  about  thirty  inches  above 
its  surface.  The  force  supporting  the  column  of  mercury  thirty  inches 
high  is  none  other  than  the  pressure  of  the  atmosphere  on  the  surface 
of  the  mercury  in  the  bowl,  and  if  the  area  of  the  interior  of  the  tube 
be  one  square  inch,  it  will  be  found  that  the  weight  of  this  thirty-inch 
column  of  mercury  will  be  14.7  pounds. 

From  this  we  deduce  the  statement  that  the  usual  atmospheric 
pressure  is  14.7  pounds  to  the  square  inch,  and  this  has  been  proved 
in  other  ways. 

We  thus  learn  what  is  meant  by  the  pressure  of  the  atmosphere. 
Now,  in  order  to  demonstrate  the  second  part  of  the  statement  just 
given  above,  that  a  liquid  begins  to  boil  when  the  tension  of  its  vapor 
overcomes  the  pressure  of  the  atmosphere,  we  insert  into  the  vacuum 
in  the  tube  above  the  column  of  mercury  an  appropriate  quantity  of 
water,  which  at  ordinary  temperatures  will  have  but  little  effect  on  the 
height  of  the  mercury  column.  The  moment  we  begin  heating  the 
water  a  change  occurs,  the  mercury  being  gradually  pushed  down 
toward  the  mercury  in  the  bowl  by  the  expansive  force  of  the  warmed 
vaporized  water;  in  other  words,  by  the  tension  of  the  vapor  of  the 
water.  As  the  heat  is  continued  the  pressure  of  the  vapor  of  the  water 
pushes  the  mercury  farther  and  farther  down;  in  other  words,  gradually 
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overcomes  the  pressure  of  the  atmosphere,  and  this  before  the  liquid 
begins  to  boil. 

The  moment  the  liquid  begins  to  boil  it  is  observed  that  the  mercury- 
has  been  completely  forced  from  its  former  place,  that  is,  the  column 
of  mercury  thirty  inches  high  has  disappeared — the  tension  of  the 
vapor  of  water  has  become  equal  to  the  pressure  of  the  atmosphere. 

This  experiment  can  be  carried  on  with  liquids  other  than  water, 
in  which  cases,  with  equal  success,  it  being  found  that  the  column  of 
mercury  is  completely  forced  down  from  the  barometer  at  the  moment 
the  boUing-point  of  that  liquid  is  reached. 

That  different  liquids  possess  different  boiling-points  is,  of  course, 
too  well  known  to  require  much  comment,  but  mention  may  be  made 
that  while  water  boils  at  100°  C,  alcohol  boils  at  78°,  chloroform  at 
60°-61°,  and  ether  at  37°. 

Estimation  of  boiling-point  is  discussed  in  Part  VI.  and  on  p.  95. 

As  shown  in  the  table  given  on  p.  81,  there  are  several  modifications 
of  vaporization,  all  of  which  will  now  be  discussed.  q^ 

Evaporation,  in  the  strict  sense  of  the  word,  means  the  vaporiza-  . 
tion  of  a  liquid  from  a  liquid,  as,  for  example,  the  removal  of  water 
from  glycerin  by  gentle  heat.  In  a  broader  sense  of  the  term, 
however,  it  includes  the  removal  of  liquid  by  heat  from  any  solution. 
Thus  it  is  more  usual  to  speak  of  evaporating  a  solution  of  salt  than 
of  evaporating  water  from  glycerin. 

Conditions  Affecting  Evaporation. — The  rapidity  of  the  evaporation 
depends  rather  largely  on  the  following  conditions: 

First,  amount  of  heat.  U 

— "  The  greater  the  source  of  heat,  the  more  rapidly  the  evaporation  will  take  place.  * —     f 

Second,  the  amount  of  atmospheric  pressure. 

As  noted  above,  the  less  the  atmospheric  pressure,  the  lower  the  temperature 
necessary  to  bring  the  liquid  to  the  state  of  ebullition.  Thus,  while  water  boils  at 
the  ordinary  atmospheric  pressure  of  14.7  pounds  to  the  square  inch,  at  100°  C, 
the  same  water,  placed  in  a  container  from  above  which  the  pressure  of  the  atmosphere 
has  been  lessened  to  only  1.7  pounds  to  the  square  inch,  will  boil  at  50°  C,  and,  on 
the  other  hand,  the  same  water  confined  in  a  container  in  such  way  that  the  pressure 
on  the  surface  of  the  liquid  is  100  pounds  to  the  square  inch,  will  not  boil  xmtil  the 
temperature  of  164°  C.  is  reacned. 

Therefore,  many  cases  of  evaporation  are  carried  on  in  special  apparatus  in 
which  the  atmospheric  pressure  has  been  lessened,  such  apparatus  being  called 
vacuum  pans. 

Third,  amount  of  humidity  in  the  air. 

An  aqueous  solution,  on  evaporating,  is  converted  into  steam  which,  of  course, 
passes  off  into  the  atmosphere,  and  the  rapidity  with  which  the  air  receives  this 
vapor  is  in  proportion  to  the  amount  of  moisture  already  contained  in  the  atmosphere. 
A  dry  air  naturally  absorbs  more  moisture  than  will  a  humid  atmosphere,  nence 
liquids  evaporate  more  rapidly  in  dry  air  than  in  humid  air. 

Fourth,  character  of  the  solvent. 

In  evaporating  liquids  at  the  boiling-point,  the  nature  of  the  solvent  influences 
to  a  greater  or  less  degree  the  rapidity  of  evaporation:  a  thin  mobile  liquid  usually 
evaporates  more  rapidly  than  a  dense  and  viscid  liquid.  The  question  of  evapora- 
tion is  not,  however,  a  mere  question  of  relative  specific  gravities,  as  is  shown  by 
the  fact  that  the  very  volatile  chloroform  (boiling-point,  60°-61°)  is  one  nd  one- 
half  times  heavier  than  water,  the  volatility  of  the  chloroform  being  due  to  the 
mobility  of  the  liquid  iind  not  to  its  density.  The  reason  a  mobile  liquid  evaporates 
more  readily  than  does  a  viscid  one  is  because  its  molecules,  having  little  adnesion, 
freely  separate  from  one  another,  thus  affording  the  exit  of  the  vaporized  portion. 
In  the  case  of  viscid  liquids,  like  syrup  or  mucilage  of  gum  arable,  the  molecules  do 
not  freely  separate  from  one  anotner,  and  on  evaporation  of  such  liquids  this  fact 
can  be  noted  by  examination  of  the  bubbles  formed  as  the  liquid  vaporizes. 
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The  influences  affecting  evaporation  by  boiling  and  evaporation 
below  the  boiling-point  are  of  different  character,  in  the  first  case  the 
main  factor  being  the  extent  of  surface  exposed  to  the  heat,  while  in 
the  latter  case  it  is  the  extent  of  surface  exposed  to  the  air;  hence  each 
of  these  can  best  be  considered  separately. 

Evaporation  by  Boiling. — Since  heat  is  necessary  to  facilitate 
boiling,  it  follows  that  the  greater  the  surface  exposed  to  the  source 
of  heat,  the  more  rapidly  the  liquid  will  boil,  and  this  result  is  obtained 
not  simply  because  of  such  broadening  of  the  surface  exposed  to  the 
heat,  but  also  by  the  fact  that  such  broadening  implies  a  corresponding 
decrease  in  the  depths  of  the  liquid.  As  an  illustration,  the  volume  of 
100  Cc.  water  will  have  much  less  depth  if  poured  into  a  flat  dish  than 
if  retained  in  a  graduate,  and  that  the  lessening  of  the  depth  facilitates 
ebullition  can  be  understood  when  the  fact  is  noted  that  the  liquid 
begins  to  boil  not  merely  when  the  tension  of  its  vapor  is  greater  than 
the  pressure  of  the  atmosphere,  but  when  such  tension  is  greater  than 
the  pressure  of  the  atmosphere  plus  the  pressure  of  the  column  of  the 
liquid  above.  Hence  in  evaporating  at  boiling  we  try  to  place  the 
liquid  in  as  thin  a  layer  as  possible,  by  choosing  flat  forms  of  evaporating 
dishes  and  the  like. 

Since  evaporation  by  boiling  is  influenced  by  the  amount  of  surface 
exposed  to  the  heat,  the  character  of  the  vessel  plays  its  part,  as  certain 
materials  and  forms  transmit  heat  better  than  others.  Thus  iron  and 
copper  vessels  are  better  for  evaporation  of  liquids  than  are  porcelain, 
because  of  the  greater  conductivity  of  the  metals.  This  statement, 
however,  does  not  mean  an  unqualified  recommendation  of  iron  and 

copper  utensils  for  evaporation  of 
pharmaceutic  products,  as  the  ques- 
tion of  preserving  the  purity  o-f  the 
chemicals  is  of  far  more  impoHance 
than  is  the  rapidity  with  which  it  can 
Fig.  54.— Corrugated  pan  bottom.        be  evaporated,  and  metallic  vessels  are 

very  apt  to  contaminate  the  products. 
As  to  form,  a  corrugated  vessel  will  transmit  heat  more  readily 
than  a  flat-bottomed  one,  as  is  self-evident  by  examination  of  Fig.  54, 
where  it  is  seen  that  a  corrugated  vessel  actually  exposes  about  twice 
as  much  surface  to  the  heat  as  a  flat-bottomed  vessel  of  the  same 
diameter. 

In  the  same  way  a  liquid  will  evaporate  more  readily  in  a  rough 
vessel  than  in  a  very  smooth  one.  For  this  reason  in  boiling  water 
for  domestic  purposes  a  rough  iron  kettle  is  preferred,  as  the  roughness 
of  the  utensil  acts  the  same  as  does  the  corrugated  bottom  of  the 
typical  evaporating  vessel  mentioned  above.  The  external  roughness 
and  lack  of  luster  of  the  vessel  is  also  a  contributing  factor,  inasmuch 
as  finely  polished  external  surfaces  act  as  reflectors  of  heat  as  well  as 
light,  actually  throwing  off  the  heat  instead  of  transmitting  it  to  the 
interior;  hence,  the  making  of  boilers  and  kettles  with  rough  and  dark 
exteriors. 

Evaporation  Below  the  Boiling-point. — While  in  this  case  of 
evaporation  more  attention  is  paid  to  the  surface  exposed  to  the  air 
than  to  the  surface  exposed  to  the  heat,  the  two  usually  resolve  into 
the  same  thing,  because  in  obtaining  the  largest  surface  exposed  to 
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the  air  we  use  a  shallow  vessel,  even  as  we  do  in  attempting  to  increase 
the  surface  exposed  to  the  heat. 

The  pharmaceutic  application  of  evaporation  below  the  boiling- 
point  is  generally  limited  to  the  desiccation  of  substances  and  the 
evaporation  of  liquids  which  are  apt  to  be  decomposed  when  heated 
on  a  wire  gauze,  and,  therefore,  directed  to  be  heated  on  a  water-bath. 
While  a  water-bath  has  itself  the  temperature  of  100°  C,  it  never 
transmits  that  heat  to  the  substance  placed  on  same.  The  actual 
temperature  of  a  liquid  heated  on  a  water-bath  is  usually  from  90°  to 
95°  C,  the  surrounding  air  causing  that  much  loss  of  heat  when  trans- 
mitted from  the  water-bath  to  the  substance.  For  this  reason  an 
aqueous  liquid  cannot  be  made  to  boil  on  an  ordinary  water-bath  and, 
therefore,  the  evaporation  of  such  aqueous  liquid  on  a  water-bath  is 
rather  a  tedious  matter.  The  evaporation  can  be  facilitated  by  constant 
stirring,  this  stirring  producing  the  same  effect  on  the  liquid  as  the 
corrugated  bottom  of  the  evaporating  dish  mentioned  above,  by 
increasing  the  extent  of  surface  exposed  to  the  heat.  Stirring  the 
liquid  produces  waves  thereon,  and  as  a  wave  in  its  ideal  sense  represents 
a  corrugation,  it  means  an  increased  surface  exposed  to  the  air.  To 
attempt  to  evaporate  an  aqueous  solution  on  a  water-bath  without 
constant  stirring  is  practically  impossible. 

In  some  cases  liquids  are  evaporated  without  recourse  to  any 
ordinary  heat,  that  is,  at  the  ordinary  temperature,  and  such  is  called 
spontaneous  evaporation. 

Spontaneous  Evaporation. — An  illustration  of  this  is  seen  in  the 
drying  of  clothes  when  the  same  are  spread  to  their  utmost  extent 
and  suspended  from  lines,  thus  increasing  the  surface  exposed  to  the 
air.  Applications  of  this  principle  are  comparatively  limited  in  phar- 
macy, as  in  most  cases  the  ordinary  sources  of  heat  are  generally  cheap 
enough  to  permit  their  use  in  evaporation. 

Two  cases,  however,  in  which  spontaneous  evaporation  is  used 
commercially  may  be  cited.  In  the  first  case,  in  Germany,  salt  is 
extracted  from  mineral  waters  by  this  process  with  profit,  where  evapo- 
ration with  ordinary  fuel  would  not  pay.  In  such  process  the  water  is 
allowed  slowly  to  trickle  through  wooden  frames  about  thirty  feet 
high  and  many  feet  long,  filled  with  straw  and  twigs.  This  framework 
has  no  sides,  thus  affording  a  thorough  circulation  of  the  air,  and  as 
the  liquid  trickles  through  the  frame,  enough  of  the  water  is  evaporated 
to  cause  it  to  reach  the  bottom  trough  sufficiently  concentrated  to  jus- 
tify using  heat  for  the  final  evaporation. 

Another  case  of  spontaneous  evaporation,  applied  commercially, 
is  the  evaporation  of  sea-water  practised  in  Portugal  and  Spain,  where 
direct  solar  heat  is  utilized  for  evaporation. 

In  this  case  the  solution  is  pumped  into  shallow  ponds  and  allowed 
to  stand  exposed  to  the  sun's  rays  for  three  or  four  weeks,  when  suffi- 
cient evaporation  will  have  occurred  to  start  a  crystallization  of  the 
salts. 

Evaporating  Apparatus. — The  articles  essential  to  evaporation 
in  pharmacy  are  dishes  and  stirring  rods  and  the  appropriate  sources 
of  heat.  Other  apparatus  used  in  the  technic  and  of  advantage  in 
pharmacy,  though  not  essential,  are  fume  closets  and  hoods,  grommets, 
and  the  very  useful  but  expensive  vacuum  apparatus. 
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Evaporating  Dishes. — These  are  made  of  porcelain,  glass,  or  platinum, 
shallow  vessels  of  the  appearance  shown  in  Fig.  55.  For  practical 
purposes  the  porcelain  dish  is  generally  preferred,  being  more  durable 
and  comparatively  inexpensive.  Glass  evaporating  dishes  are  too 
fragile  for  continued  use,  and  are  chiefly  used  in  crystallization.     Plati- 


Fig.  55.— Evaporating  dish. 


Fig.  56. — Evaporating  dish,  graduated  inside. 


num  evaporating  dishes  are  used  in  some  chemical  operations,  their 
expense  precluding  general  use. 

In  some  cases  of  evaporating  directions  are  given  to  "reduce"  the 
liquid  "to  a  certain  bulk,"  and  for  this  purpose  graduated  evaporating 
dishes  have  been  introduced  (Fig.  56). 

Instead  of  same,  however,  a  home-made  contrivance  answers  just 
as  well,  and  this  consists  of  a  rod  or  cylinder  of  wood,  measuring  the 

volume  by  marking  same  on 
the  stick  (Fig.  57). 

To  avoid  the  necessity 
for  these  graduated  evapo- 
rating dishes  the  United 
States  Pharmacopoeia  di- 
rects such  evaporations  to 
be  conducted  until  the  liquid 
is  brought  to  a  definite 
weight,  in  which  case  the 
evaporating  dish  is  trans- 
ferred from  the  source  of 
heat  to  the  scales.  Of 
course,  in  order  to  learn  the  weight  of  the  liquid  the  weight  of  the 
evaporating  dish  itself,  "the  tare,"  must  have  been  previously  ascer- 
tained. It  is  a  good  practice  to  tare  each  dish  when  obtained,  and 
mark  the  tare  in  lead-pencil  on  the  outside. 

An  important  point  to  remember  in  the  use  of  an  evaporating  dish 
is  that  same  should  never  be  heated  in  direct  flame,  the  source  of  heat 
being  modified  either  by  use  of  the  wire  gauze  or  by  disks  of  asbestos. 
A  warm  evaporating  dish  should  never  be  placed  directly  on  a 
counter.  If  the  counter  is  of  wood,  the  heat  may  be  sufficient  to  soften 
the  varnish,  and  if  it  is  of  metal  or  marble,  the  rapid  chilling  of  the 
evaporating  dish,  through  the  difference  in  its  temperature  and  that 
of  the  surface  of  the  counter,  may  cause  a  fracture  of  the  dish.  It 
should,  therefore,  be  placed  on  a  mat,  or,  better,  on  a  "gromniet,"  the 
latter  consisting  of  a  rubber  ring  the  construction  of  which  is  shown 
in  appended  sketch  (Fig.  58). 


Fig.  57. — Evaporating  dish,  graduated  with  stick. 
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Stirrers. — The  stirring  of  an  evaporating  liquid  is  a  valuable  aid 
to  rapid  evaporation;  hence  the  use  of  stirrers.  Their  construction 
depends  on  the  uses  for  which  they  are  intended.  Thus,  in  large 
operations,  such  as  evaporating  infusions  of  drugs  containing  no  acid, 
a  large  tin  spoon  is  as  valuable  as  a  stirrer.  In  other  large  opera- 
tions, such  as  making  syrups,  a  wooden  paddle  answers.  For  the 
more  delicate  operations  of  pharmacy  and  chemistry  glass  rods  are 
required,  which  can  be  obtained  in  various  diameters  from  chemical 


Fig.  58. — Grommet. 


Fig.  59. — Breaking  glass  rod. 


apparatus  manufacturers  in  three-  or  four-foot  lengths,  and  then  can 
be  readily  broken  by  scratching  with  a  file  and  applying  pressure  on 
either  side  of  the  scratch,  thus  fracturing  same,  as  shown  in  Fig.  59. 

In  cutting  these  stirring  rods  it  is  best  to  make  them  of  such  length 
that  about  two-thirds  will  rest  within  the  container  for  which  intended. 

If  more  than  a  third  projects  over 
the  outside,  they  are  apt  to  be  top 
heavy.  After  breaking  the  rod  to 
the  appropriate  length,  the  rough  edge 
should  always  be  smoothed  by  rotat- 
ing in  a  Bunsen  flame  until  slight 
fusion  is  effected.  If  the  rough  edges 
are  permitted  to  remain,  there  is 
danger  of  scratching  the  interior  of 
the  evaporating  dish. 
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Fig.  60. — Fume-closet. 


Fig.  61.— Hood. 


Fume-closets  and  Hoods. — Evaporation  of  a  large  quantity  of 
liquids,  and  particularly  the  evaporation  of  liquids  yielding  disagreeable* 
or  corrosive  vapors,  in  a  closed  room  is  objectionable,  and  to  carry 
off  these  vapors  fume  closets  and  hoods  have  been  devised.  The 
principle  of  these  two  is  the  same,  both  being  an  inclosed  space  con- 
nected with  a  flue  or  chimney,  through  which  there  is  sufficient  current 
of  air  to  draw  off  the  offensive  vapors.     The  closet  is  a  large  piece  of 
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furniture  constructed  of  wood  and  glass,  and  attached  directly  to  the 
wall  (Fig.  60).  For  a  hood  can  be  utilized  appropriate  lengths  of 
stovepipe,  the  lower  end  of  which  is  arranged  around  a  metallic  dome, 
directly  under  which  is  placed  the  evaporating  liquid.  Hoods  work 
best  if  connected  with  a  suction  pump  (Fig.  61). 

Vacuum  Apparatus. — The  principle  of  the  operation  of  a  vacuum 
apparatus  having  been  explained,  it  is  necessary  here  merely  to  state 
that  many  organic  substances,  when  evaporated  even  at  water-bath 
temperature,  will  dissociate.    Thus,  if  sugar  is  evaporated  even  at  the 


Fig.  62. — Stokes'  vacuum  still. 

heat  of  100°  C,  the  brown  substance,  molasses,  is  produced  with  accom- 
panying vitiation  of  the  finished  product.  For  all  such  cases  vacuum 
evaporation  is  desirable,  and  this  is  performed  in  a  suitable  evaporating 
utensil,  usually  heated  by  the  steam  coil,  and  connected  with  a  dome 
apparatus  which,  in  turn,  is  connected  with  an  appropriate  vacuum 
pump  (Fig.  62).  From  the  illustration  it  will  be  seen  that  the  vacuum 
pan  is  connected  with  a  worm  condenser  (p.  97),  thus  permitting  the 
recovery  of  the  solvent,  if  it  is  costly.  This  is  usually  the  case  when 
vacuum  evaporation  is  employed  in  pharmaceutical  manufacturing, 
where  it  is  chiefly  used  in  the  concentration  of  alcoholic  percolates, 
such  as  in  making  extracts  (p.  276).  As  seen  in  the  illustration,  the 
air  is  exhausted  by  means  of  a  pump  operated  by  steam-power.  In 
the  technic  such  evaporating  apparatus  is  largely  used,  and  for  phar- 
maceutic and  chemical  purposes  a  small  and  comparatively  inexpensive 
apparatus  of  the  same  character  has  been  devised  (Fig.  63). 

For  removing  atmospheric  pressure,  any  form  of  air-pump  can  be 
used,  but  usually  in  laboratory  work  the  water  suction  pump  (Fig.  64) 
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is  employed.  This  can  be  attached  to  the  ordinary  hydrant,  provided 
the  water  pressure  is  sufficient.  In  this  simple  and  useful  apparatus 
the  rapid  flow  of  the  water  through  a  narrow  point  draws  with  it  the 
air  from  the  tube  and  from  the  connected  aspirator,  and  if  the  water 
pressure  is  sufficient,  a  vacuum  of  17  mm.  can  be  readily  obtained. 
By  a  vacuum  of  17  mm.  is  meant  that  the  height  of  a  column  of  mercury 
supported  by  the  atmosphere  is  reduced  from  760 
mm.  to  17  mm.;  the  latter  figure,  therefore,  showing  a 
pressure  of  only  -^  of  the  ordinary  atmospheric  pres- 
sure.    The  indication  of  this  pressure  is  accomplished 


Fig.  63. — Pharmaceutic  vacuum  pan. 


Fig.  64. — Water  suc- 
tion pump:  a,  Water- 
tube;  b,  air-tube. 


Fig.     65. — Manom- 
eter. 


by  the  instrument  called  the  manometer.  Some  forms  of  manometer 
are  delicate  apparatus  made  on  the  the  principle  of  the  steam  gage,  but 
for  chemical  work  a  simple  manometer  consisting  of  a  bent  tube  (Fig.  65) 
ffiled  with  mercury,  and  set  up  against  a  scale,  answers  all  purposes. 

The  simple  form  of  such  vacuum  evaporating  apparatus  is  that 
figured  in  vacuum  distillation  (p.  104). 


DISTILLATION 

Distillation  is  the  process  of  converting  a  liquid  into  a  gas,  and 
condensing  the  gas  back  into  a  liquid. 

Objects. — In  distillation  we  have  an  admirable  method  of  purifying 
volatile  substances.  If  such  a  liquid  contains  impurities  less  volatile 
than  itself,  the  impure  product  is  placed  in  a  still  and  heated,  whereupon 
the  substance  desired  will  distil,  leaving  the  less  volatile  substance 
behind.  In  many  cases  the  foreign  matter  is  water,  in  which  case 
distillation  is  of  great  value  in  strengthening  the  product  under  con- 
sideration. This  is  particularly  the  case  in  a  separation  of  alcohol  from 
whisky  or  other  alcoholic  liquors,  which  is  always  accomplished  by  dis- 
tillation.  The  liquid  thus  purified  by  distillation  is  called  a  "distillate." 

In  other  words,  distillation  is  evaporation  of  a  liquid  and  sub- 
sequent condensation  of  its  vapor.     Evaporation  has  been  described 
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on  a  preceding  page,  and  here  it  is  necessary  to  turn  attention  only  to 
the  second  part  of  the  process,  namely,  condensation. 

As  already  learned,  to  convert  a  liquid  into  a  vapor  means  th& 
expenditure  of  considerable  energy,  which  energy  is  obtained  from  a 
source  of  heat,  this  heat  being  converted  into  the  other  form  of  energy, — 
that  necessary  to  keep  the  molecules  of  the  gas  separate  from  one 
another, — is  no  longer  indicated  by  means  of  the  thermometer,  and 
such  heat  is  called  "latent."  If  the  converting  of  the  liquid  into  a 
vapor  means  the  expenditure  of  considerable  heat,  so  in  the  inverse 
operation  of  changing  the  vapor  back  into  a  liquid  an  equal  amount  of 
heat  is  given  off.  In  other  words,  heat  is  rendered  latent  in  converting 
a  solid  into  a  liquid  or  a  liquid  into  a  gas,  and,  in  turn,  latent  heat  is 
rendered  sensible  by  changing  gas  back  to  liquid,  or  liquid  back  to  a 
solid  form.  Therefore  to  condense  a  vapor  back  to  liquid  form  the 
chilling  of  the  vapor  is  necessary,  that  is,  the  latent  heat  must  be 
absorbed  by  being  brought  into  contact  with  a  cool- 
ing agent.  The  converting  of  the  vapor  back  to  the 
liquid  form  in  condensing  can  be  accomplished  in 
many  cases  by  bringing  the  vapor  in  contact  with 
chilled  water. 

The  amount  of  water  required  can  be  figured  out  mathe- 
matically, and  depends  on  the  temperature  of  the  vapor  and 
the  temperature  of  the  water  before  and  after  its  use  as  a  con- 
densing agent.  Thus,  1  kilo  of  steam  at  100°  C.  will  take 
23.2  kilos  of  water  at  20°  C.  for  condensation,  and  the  tem- 
perature of  the  water  after  condensation  will  be  45°  C,  or  1 
kilo  of  steam  at  100°  C.  will  take  24  kilos  of  water  at  10°  C, 
heating  it  to  35°  C.  during  condensation. 

The  apparatus  required  for  distillation  consist- 
primarily  of  a  boiler,  in  which  the  liquid  is  vaporized, 
and  the  condenser,  in  which  the  vapors  are  chilled 
until  they  are  condensed  to  the  liquid  form.  This 
combination  of  boiler  and  condenser  is  commonly 
called  the  still,  and  the  many  forms  of  this  appara- 
tus which  are  in  use  can  be  roughly  divided  into 
two  classes — the  alembic  form  and  the  retort  form. 

In  the  alembic  form  the  condensing  apparatus  is- 
directly  over  the  boiler,  while  in  the  retort  form  the 
condensing  apparatus  is  placed  on  one  side  of  the 
boiler,  thus  not  directly  over  the  source  of  heat.  The  retort  form  of 
a  still  being  more  commonly  used,  it  will  be  discussed  first. 

Retort  Still. — So  called  because  the  original  form  of  boiler  for  such 
operation  was  the  glass  instrument  called  a  retort,  which  consisted  of 
a  glass  flask  with  a  long  and  tapering  neck,  bent  at  an  acute  angle. 
This  simple  form  of  retort  is  inconvenient  by  reason  of  the  difficulty 
in  filling  such  a  retort,  it  being,  of  course,  essential  to  secure  a  pure 
distilled  product  that  the  neck  of  the  retort  through  which  the  distilling 
vapor  passed  should  be  free  from  impurities. 

Therefore,  the  charging  of  such  a  retort  must  never  be  done  by 
pouring  the  liquid  down  the  neck,  but  the  liquid  must  be  introduced 
into  the  bowl  of  the  retort  by  means  of  a  funnel  with  a  long  tube  con- 
nected therewith  (Fig.  66). 


Fig.     66. — Charging 
plain  retort. 
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Of  greater  convenience  is  the  tubulated  retort,  the  use  of  which  is 
strongly  urged  in  preference  to  the  plain  form.  In  purchasing  such 
a  retort  be  sure,  however,  that  the  tubulure  is  correctly  placed,  namely, 
directly  over  the  bottom  of  the  bowl,  for,  if  the  tubulure  is  placed 
otherwise,  there  is  danger  of  spattering  the  neck  of  the  retort  with 
the  impure  liquid  when  it  is  poured  in  (Fig.  67). 


Fig.  67. — Retorts:  a,  Tubulated;  h,  plain. 

For  the  purpose  of  insuring  the  cleanliness  of  the  neck  of  the  retort 
care  should  be  taken  to  select  such  having  an  acute  bend.  In  retorts 
where  the  bend  is  round  rather  than  acute,  there  is  always  danger 
of  some  of  the  liquid  being  drawn  over  the  bend  by  capillary  attraction 
into  the  neck  of  the  retort.  Retorts  formerly  had  extended  use,  but 
at  present  they  are  in  less  demand  and  have  been  largely  replaced 
by  the  more  convenient  and  simple  instrument,  the  distilling  flask 
(Fig.  68),  which  consists  of  a  chemical  flask  of  required  size,  provided 


Fig.  68. — Flask  distillation. 

with  a  cork  stopper  through  an  orifice  of  which  passes  a  piece  of  bent 
glass  tubing.  In  many  cases  a  second  hole  is  bored  through  the  cork 
for  the  insertion  of  a  thermometer.  Details  of  fitting  the  connections 
will  be  given  later.  A  more  compact  form  of  distilling  flask  for  small 
operations  is  shown  in  the  illustration  here  given  (Fig.  69). 

Condensers. — The  condenser  is  the  part  of  the  apparatus  in  which 
the  vapors  are  converted  into  a  liquid,  and  consists  of  an  appropriate 
container  which  can  be  kept  cooled  by  means  of  ice  or  running  water. 
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The  simplest  form  of  condenser  is  a  receiver,  which,  in  many  cases, 
consists  of  a  chemical  flask  resting  within  a  basin,  in  which  water  or 
ice  can  be  placed.  The  more  elaborate  forms  of  receivers,  the  tubulated 
and  quilled,  are  shown  in  Fig.  70. 

The  receiver  is  the  only  form  of  condenser  necessary  for  liquids 
boiling  above  150°  C,  in  which  case  the  temperature  of  the  atmosphere 
is  sufficiently  below  the  temperature  of  the  boiling  liquid  to  permit 
its  use  for  condensing  purposes.  In  most  cases, 
however,  it  is  usual  to  have  the  receiver  im- 
mersed in  water,  as  mentioned  above.  In 
distilling  liquids  boiling  below  150°  C,  such  as 
water  or  alcohol,  the  air  is  not  sufficiently  cool 
to  act  as  a  perfect  condenser,  and  in  such  cases 
cold  water  is  usually  substituted,  it  being  con- 
venient to  arrange  a  continuous  stream  of 
water  by  connecting  the  condenser  with  a 
hydrant.  In  cases  where  a  hydrant  is  not 
convenient,  a  stream  of  running  water  can  be 
maintained  by  placing  the  water  in  a  container 
several  feet  above  the  condenser,  and  maintain- 
ing a  continuous  stream  over  the  condenser  by 
In  such  cases  of  water  condensation,  preference 


69. — Glass-stoppered 
distilling  flask. 


means  of  the  syphon 

is  usually  given  to  the  Liebig  condenser 

Liebig  Condenser. — This  consists  of  a  long  glass  tube  which  is 
connected  with  the  boiler,  be  it  a  retort  or  flask,  thus  affording  passage 
to  the  vapor  arising  from  the  boiler.  Surrounding  this  glass  tube  is  a 
second  tube,  either  of  glass  or  metal,  through  which  passes  a  stream  of 
cold  water  (Fig.  71). 


Fig.  70. — Receivers:  a,  Tubulated;  6,  quilled. 

In  the  typical  form  of  Liebig  condenser  the  outer  glass  tube  has 
soldered  thereto  ingress  and  exit  tubes,  and  both  ends  of  the  cylinder 
are  tapered  so  that  the  joint  between  the  inner  glass  tubes  and  the 
condensing  cylinder  is  made  water-tight  by  means  of  rubber  tubing. 

Such  condenser,  while  handsome,  is  rather  fragile,  because  the 
projecting  ingress  and  exit  tubes  are  apt  to  be  broken  off,  with  resulting 
fracture  of  the  glass  cylinder.  Therefore,  of  far  more  practical  use  is 
the  simple  home-made  condenser,  consisting  of  a  central  glass  tube 
passing  through  two  corks,  which  effectually  close  the  outer  cylinder  of 
uniform   caliber.     Through  each  of  these  corks  passes   an  ordinary 
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piece  of  glass  tube,  which  serves  as  an  entrance  and  exit  tube  for  the 
water  (Fig.  72). 

In  this  case  the  outer  cylinder  can  be  made  either  of  glass  or  metal, 
and  a  very  effective  form  of  condenser  can  be  made  by  using,  as  the 
outer  cylinder,  the  ordinary  tinned  iron  plaster  box. 


Fig.  71. — All-glass  Liebig  condenser. 


Should  the  condensing  tube  become  dirty,  it  can  be  washed  with 
soap  and  water  and  scrubbed  by  passing  through  the  tubes  a  plug  of 
cotton  attached  to  a  stick  or  rod. 

The  only  objection  to  the  condenser  just  described  is  that  the 
condensing  tube,  in  order  to  be  effective,  must  be  of  considerable  length, 


Fig.  72. — Corked  Liebig  condenser. 

say  three  or  four  feet,  and  accordingly  Occupies  considerable  space 
when  the  apparatus  is  set  up.  In  large  processes  of  distillation,  such 
as  the  manufacture  of  alcohol,  a  much  longer  condensing  surface  is 
required,  and  to  make  an  effective  straight  condenser,  taking,  say, 
thirty  feet,  is  hardly  to  be  considered  by  reason 
of  the  space  it  would  necessarily  occupy. 

This  gave  rise  to  a  modification  which  answers 
the  double  requirement  of  occupying  small  space 
and  of  affording  a  large  condensing  surface. 

The  Condensing  Worm. — This  consists  of  a 
tube  of  glass  or  metal  (usually  block  tin),  twisted 
into  a  spiral  and  fitting  into  a  vessel  through  which 
water  can  circulate  freely.  Such  form  of  worm 
is  used  for  all  the  large  processes  of  distillation, 
such  as  obtaining  alcohol  and  alcoholic  liquors 
and  distilling  volatile  oils.  The  objection  to  the 
worm,  from  the  pharmaceutic  standpoint,  is  due 
•to  the  fact  that  its  spiral  form  renders  a  thorough 
cleaning  very  difficult. 

In  technical  operations  a  worm  is  used  con- 
tinually for  the  distillation  of  one  substance, 
in  which  case  a  thorough  cleaning  is  rarely 
needed,  and  this  is  accomplished  by  running  water  and  other  appro- 
priate solvent  through  the  tube.  A  combination  of  worm  and  Liebig 
condenser  is  shown  in  Fig.  73;  it  has  value  in  a  well-equipped  organic 
laboratory,  but  is  of  little  use  in  pharmacy  because  of  difficulty  of 
cleaning. 


Fig.  73. 


Spiral  conden- 
ser. 
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Distilling  Appliances. — In  performing  distillation  with  flask  or 
retort  and  condenser,  the  fitting  of  the  apparatus  is  a  matter  of  con- 
siderable skill,  and  requires  appliances  not  yet  mentioned. 

Glass  tubing  is  usually  needed  to 
complete  the  connections,  and  a  stock 
of  good  tubing  should  be  at  the  dis- 
posal of  every  pharmacist,  and  with 
the  manipulation  of  same  he  should  be 
thoroughly  acquainted.  Such  tubing 
comes  in  lengths  of  three  or  four  feet, 
and  can  be  easily  broken  into  required 
lengths  in  the  same  way  as  glass  rods, 
and,  as  in  the  case  of  glass  rods,  the 
edges  should  always  be  rounded  by 
holding  in  a  flame. 
In  bending  glass  tubing  best  results  are  obtained  by  first  grasping 
one  end,  holding  the  tube  over  a  fish-tail  flame  in  such  way  that  the 

end  held  by  the  hand  is  nearer  the  flame 
than  is  the  other  end.  Rotating  in  the 
flame  is  not  necessary,  for,  when  suffi- 
ciently softened,  the  tube  bends  by 
its  own  gravity,  and  a  round,  elegant 
curve  is  obtained  (Fig.  74). 


Fig.  74. — Bending  tubing. 


Fig.  75.~Cork-borers      Fig.  76.— Rat-tail 
(nested).  file. 


Fig.  77. — Retort  stand,     i 


The  glass  tube  bent,  the  same  must  be  inserted  through  the  cork, 
which  means  that  the  holes  must  first  be  bored  through  the  cork. 
This  is  done  either  by  a  rat-tail  file  (Fig.  76)  or  by  a  cork-borer,  a  set  of 
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hollow  brass  tubes  with  lower  end  sharpened  (Fig.  75),  and  the  latter 
does  the  work  so  much  more  neatly  that  its  use  is  strongly  recommended. 
To  hold  the  condenser  and  the  flask  in  place,  we  use  clamps  attached 
to  a  retort  stand,  a  piece  of  apparatus  of  great  value  in  all  the  operations 
described  in  this  chapter,  consisting,  as  it  does,  of  support  with  clamps 
for  condensers  and  rings  for  holding  dishes  during  evaporation  or 
percolators  or  funnels  (Fig.  77).     In  the  absence  of  such  a  stand  the 


Fig.  78. — Box  condenser  holder. 

ingenious  and  economic  pharmacist  can  easily  make  an  appropriate 
holder  for  his  condenser  from  a  wooden  box,  as  shown  in  Fig.  78. 

In  connecting  the  condenser  with  the  water  mains,  rubber  tubing 
is  essential,  and  very  convenient  for  regulating  the  flow  of  water  are 
the  pinch-cocks  which  slip  over  the  tubes  and  which  can  be  opened  or 
closed  as  shown  in  Fig.  79. 

In  making  the  connections  between  retort  and  condenser,  rubber 
tubing  is  equally  useful,  although  in  processes  requiring  careful  dis- 
tillation contact  of  the  vapor  with  rubber  tubing  should  be  avoided 


Fig.  79. — Pinch-cocks. 

as  much  as  possible,  in  all  cases  it  being  advisable  to  have  the  glass 
tube  from  the  retort  introduced  into  the  condensing  tube  (Fig.  80). 
The  neck  of  most  large  retorts  is  usually  larger  than  the  opening  of  the 
condensing  tube,  and  in  such  case,  in  order  to  avoid  recourse  to  direct 
rubber  connections,  adapters  are  used,  these  consisting  of  tapering  glass 
tubes  which  complete  the  "all-glass"  connections  between  the  retort 
and  the  condenser.  For  adapters  nothing  is  better  than  the  neck  of  a 
broken  retort  (Fig.  81). 

In  some  cases  of  distillation  care  must  be  taken  to  prevent  the  pres- 
sure of  the  vapor  from  producing  a  fracture  of  the  distilling  apparatus, 
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or  even  explosions,  and  for  such  purpose  safety  tubes  or  funnels  are 
used,  as  seen  in  Fig.  82.  Those  used  in  chemistry  consist  of  a  bent 
thistle  funnel,  in  the  elbow  of  which  a  few  globules  of  mercury  are  placed, 
thus  producing  sufficient  pressure  to  prevent  a  needless  escape  of  the 
vapor,  but  being  thrown  up  into  the  thistle  bulb  when  the  pressure 
within  the  flask  becomes  dangerous. 


Fig.  80. — Fitting  retort  to  condenser:  a,  Flaxseed  lute. 

Btunping. — This  phenomenon  is  a  disagreeable  accompaniment 
of  many  cases  of  distillation  occurring  in  a  flask.  In  some  cases  the 
liquid  does  not  boil  steadily  under  application  of  heat,  but  at  times 
the  ebullition  ceases  for  a  few  moments,  then  suddenly  resumes,  with 
a  force  sufficiently  explosive  to  cause  a 
spattering  of  the  liquid,  if  not  a  fracture 
of  the  flask. 

Bumping  occurs  chiefly  with  heavy 
and  somewhat  viscid  liquids,  which  cause 
a  retention  of  generated  steam  until  a  suf- 
ficient quantity  has  been  formed  to  force 
its  way  through  the  opposing  medium. 


^ 


Fig.  81. — Adapters. 


Fig.  82.— Safety  tubes. 


To  eliminate  this  phenomenon,  which  very  frequently  spoils  a 
tedious  distillation  by  spattering  some  of  the  impure  liquid  into  the 
condenser,  and  thence  into  the  distillate,  means  to  distribute  the  heat 
uniformly,  and  the  insertion  of  pieces  of  pumice-stone,  glass,  or  platinum 
has  been  suggested.  None  of  these,  however,  answers  as  well  as  the 
maintaining  of  a  minute  current  of  steam  or  air  through  the  distilling 
liquid. 

Alembic  still  is  that  form  in  which  the  condenser  is  directly  over 
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the  boiler,  and  while  the  liquid  distils  more  slowly  in  the  alembic  than 
in  the  retort  form,  it  gives  a  pure  distillate,  as  there  is  no  danger  of 
any  of  the  liquid  being  carried  over  mechanically.  A  good  commercial 
type  of  this  form  of  still  is  the  Phoenix  condenser  (Figs.  83  and  84). 

Modifications  of  Distillation. — Fractional  distillation  is  the  method 
used  for  separating  a  mixture  of  several  liquids  of  different  boiling- 
points.  Assuming,  for  example,  we  have  a  mixture  of  ether,  boiling- 
point  37°  C,  chloroform,  boiling-point  60°  to  61°  C,  and  alcohol,  78°  C, 
it  seems  easy  to  separate  them  by  placing  in  a  flask  connected  with  a 
condenser  and  having  a  thermometer  inserted  in  its  neck,  and  gradually 
applying  heat.  When  the  temperature  of  37°  is  attained,  the  ether 
should  all  distil  over  and  be  collected.     Raising  the  temperature  to 


Fig.  83. — PhcEnix  condenser. 


Fig.  84. — Phcenix  condenser  (outline). 


A,  Tank  for  cold  water;  B,  condensing  dome;  C,  boiler;  D,  connecting  dome;  E> 
water-bath;  F,  distilled  water  outlet;  G,  bath- water  outlet;  H,  steam  outlet;  I,  con* 
densing  water  outlet. 

60°  to  61°,  that  portion  should  all  distil  over  and  be  collected  in  a 
separate  container,  and,  lastly,  by  raising  the  temperature  to  78°,  the 
residue,  which  should  consist  entirely  of  alcohol,  should  distil  over  and 
be  collected.  Unfortunately,  however,  the  process  is  by  no  means 
as  simple  as  this,  for  the  reason  that  while  it  is  true  a  liquid  does  not 
boil  until  a  certain  temperature  is  attained,  the  vaporization  of  that 
liquid  occurs  at  temperatures  other  than  its  boiling-point,  and,  accord- 
ingly, the  first  distillate  we  obtain  would  be  usually  found  to  contain 
alcohol,  chloroform,  and  ether,  and  it  is  equally  true  there  is  a  strong 
possibility  that  the  second  and  third  distillates  may  contain  some 
traces  of  ether,  which  had  not  been  fully  vaporized  at  the  lower  boil- 
ing-point. 

Therefore,  in  order  to  carry  out  the  distillation  thoroughly,  it  is 
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necessary  to  take  the  three  distillates  we  have  obtained  and  redistil 
them,  and  experience  has  shown  that  a  second  repetition  of  the  experi- 
ment will  finally  yield  products  which  are  practically  chemical  entities. 
This  process  of  repeated  fractional  distillation  is  largely  used  in 
chemistry,  although  scarcely  at  all  in  the  ordinary  pharmaceutic 
operations.  By  this  means  we  are  able  to  separate  the  volatile  oils 
into  their  many  constituents,  and  the  same  process  is  used  for  the 
separation  and  purification  of  the  petroleum  products. 

Upright  Condensation. — In  some  chemical  and 
pharmaceutic  processes  it  is  found  necessary  to 
warm  the  substance  for  several  hours  with  alcohol. 
To  do  this  in  free  contact  with  air  is  an  expensive 
undertaking,  as  alcohol  evaporates  very  freely  and 
would  therefore  pass  into  the  atmosphere  and  be 
lost. 

To  permit  economy  in  alcohol  and  similar 
valuable  liquids,  upright  condensation  has  been  de- 
vised. This  consists  (Fig.  85)  of  arranging  the  con- 
denser in  such  relation  to  the  flask  that,  as  the 
vapors  of  the  alcohol  rise  and  are  condensed,  they 
are  immediately  dropped  back  into  the  flask,  and 
by  this  means  it  is  possible  to  keep  alcohol  at  the 
boiling-point  for  weeks  at  a  time  without  apparent 
loss. 

A  compact  form  of  upright  condenser  is  that 
devised  by  Soxhlet.  This  consists  of  two  metallic 
hemispheres,  the  inner  one  communicating  with  the 
flask  in  which  the  liquid  is  heated,  and  the  outer 
one  with  the  water-supply;  therefore,  corresponding 
to  the  inner  and  outer  tube  of  the  Liebig  condenser 
respectively  (Fig.  86). 

Some  processes  of  distillation,  as  in  the  extrac- 
tion of  the  volatile  principles  of  drugs,  are  largely 
performed  by  intimately  mixing  the  source  of  the 
volatile  substance  with  water  contained  in  the  boiler, 
and  heating  both  together,  whereby  the  water  and 
volatile  constituents  of  the  drug  are  volatilized  and 
pass  into  the  condenser,  where  they  are  liquefied 
and  separated,  the  oil  usually  being  immiscible  with 
water. 

Such,  for  example,  is  the  method  whereby  oil  of 
peppermint  is  obtained  from  the  herb,  and  in  all  such 
cases  of  distillation  care  must  be  exercised  to  pre- 
vent the  herb  from  coming  in  direct  contact  with 
the  bottom  of  the  vessel,  the  greater  heat  of  which  is  apt  to  cause  a 
partial  charring  of  the  organic  drug,  with  subsequent  decomposition 
of  same,  giving  rise  to  the  disagreeable  tarry  odor  called  "  empyreuma." 
This  decomposition  is  obviated  by  preventing  the  drug  from  resting 
on  the  bottom  of  the  boiler,  either  by  suspending  the  drug  in  an  appro- 
priate cloth,  bag,  or  sack,  or  by  having  a  still  with  a  wire  basket,  such 
as  is  shown  in  the  picture  of  the  Remington  still  (p.  105), 

Far  better  is  the  protection  of  the  drug  accomplished  in  the  process 


Fig 


85. — Invert  con- 
denser. 
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of  steam  distillation,  which  consists  in  generating  the^  steam  in  an 
appropriate  tin  can  provided  with  safety  tube,  and  passing  the  steam 
thus  generated  into  the  flask  or  can  containing  the  drug,  and  an  appro- 
priate quantity  of  water  (Fig.  87). 


Fig.  86.— Soxhlet's  in- 
vert condenser. 


Fig.  87. — Steam  distillation. 


Through  this  the  steam  passes,  carrying  the  volatile  constituents 
of  the  herb  into  the  condenser,  where  both  become  fluid. 

Destructive  Distillation. — In  other  pharmaceutic  processes  the  de- 
composed products   of  the   substances  heated  are  desired.     In  some 


Fig.  88. — Vacuum  distillation. 

cases  the  substance  is  placed  in  a  large  iron  retort  and  heated  strongly, 
whereby  the  substance  is  decomposed  and  the  volatile  decomposition 
products  pass  over  and  are  condensed  by  appropriate  means.     Such 
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condensation  is  used  in  the  destructive  distillation  of  wood,  whereby 
we  obtain  the  valuable  commercial  products  of  wood  alcohol,  acetone, 
and  acetic  acid.     (See  p.  645.) 

Vacuum  Distillation. — As  mentioned  on  p.  92,  evaporation  is 
facilitated  by  removing  air-pressure  from  vessel  where  the  evaporation 
occurs,  and  at  that  place  details  for  large  operations  of  that  character 
were  given.  In  the  chemical  laboratory  small  operations  of  evaporation 
and  condensation  can  be  readily  accomplished  in  the  apparatus  shown 
in  Fig.  88,  which,  it  will  be  seen,  consists  of  two  distilling  flasks  con- 
nected by  air-tight  rubber  corks.  One  of  the  flasks  acts  as  the  boiler, 
while  the  other  serves  as  condenser,  and  to  the  exit-tube  of  the  latter 
is  fitted  the  outer  tubing  connecting  with  the  vacuum  pump 
(p.  93). 

In  the  neck  of  the  flask  acting  as  the  boiler  is  fitted  a  rubber  cork^ 
through  the  orifice  of  which  passes  a  glass  tube  drawn  to  a  capillary 
point.  The  outer  end  of  the  tube  is  fitted  with  a  piece  of  rubber  tubing 
which  is  opened  and  closed  by  means  of  a  pinch-cock.  The  object  of 
this  tube  is  to  permit  egress  of  sufficient  air  to  prevent  bumping;  and 

if  the  temperature  of  the  dis- 
tillation is  to  be  observed,  the 
thermometer  is  inserted  in  the 
tube. 

The  condenser  is  chilled  by 
a  stream  of  running  water, 
while  the  boiler  is  heated  by 
means  of  a  Bunsen  burner, 
with  or  without  water-bath. 

Special  Stills. — As  men- 
tioned above,  the  word  "still" 
is  usually  applied  in  the  technic 
to  a  piece  of  apparatus,  made 
of  metal,  consisting  of  boiler 
and  condenser,  and  the  varie- 
ties of  these  special  stills  are 
so  numerous  that  space  forbids 
more  than  mention  of  a  few  of 
the  typical  forms. 
One  of  the  most  popular  is  the  old-fashioned  still  with  condensing 
worm,  and,  besides  this,  mention  may  be  made  of  Phoenix  pharma- 
ceutic condenser  (Fig.  84),  which  is  of  the  alembic  form;  the  Curtman 
still  (Fig.  89),  which  is  a  combination  of  the  alembic  and  condenser 
form,  and  the  Remington  still,  in  which  the  condenser  occurs  in  a 
modified  form  of  the  Liebig  condenser  (Fig.  90). 

A  noteworthy  feature  in  the  Remington  still  is  the  arrangement  of 
the  condenser  with  seven  parallel  tubes  placed  in  the  same  outer  cylinder, 
on  a  principle  akin  to  the  tubular  boiler.  This  modification  gives 
a  very  extensive  condensing  surface  in  a  comparatively  compact  form 
(as  in  a  condensing  worm),  and  possesses  the  advantage  over  the 
condensing  worm  that  all  tubes  are  straight,  hence  can  be  easily  cleaned. 
This  still  is  provided  with  a  wire  basket  in  which  the  drug  desired  to 
be  distilled  can  be  placed,  thereby  preventing  contact  with  the  bottom 
of  the  boiler  and  the  consequent  empyreuma. 


Fig.  89. — Curtman  still. 
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The  Lloyd  still  and  concentrator  works  upon  the  principle  that  evaporation 
occurs  rationally  from  the  surface  of  a  liquid,  and  that  it  is  unnecessary  to  keep  the 
contents  of  a  still  or  an  evaporator  heated  during  the  process.  If  the  heat  be  applied 
to  the  surface  of  a  liquid,  the  menstruum  is  instantly  separated  from  the  dissolved 
matters,  which,  dropping  down  into  the  still,  are  immediately  cooled,  and  remain 
cool  until  the  end  of  the  operation.     By  automatically  conducting  a  percolate  to 


Fig.  90. — The  Remington  still :  1,  Apparatus  set  up  ready  for  use;  2,  section  showiM 
condenser  and  wire  basket.  A,  Condensing  water  outlet;  B,  condensing  water  inlet;  C, 
boiler;  D,  wire  basket;  N,  water  gage;  W,  condensing  tubes. 

the  heated  surface,  the  distillate  being  conducted  back  upon  the  drug  in  the  percola- 
tor, continuous  distillation  and  percolation  result.  The  application  of  tne  heat 
is  instantaneous,  whether  the  amount  of  drug  worked  be  large  or  small.  By  this 
method  the  most  delicate  organic  structures  are  preserved  in  solutions  where  a  pro- 
longed boiling  would  dissociate  and  destroy. 

SUBLIMATION 

This  is  the  process  of  distilling  a  volatile  solid,  of  converting  the 
solid  into  a  vapor,  and  condensing  the  vapor  back  to  a  solid. 

A  comparison  of  the  three  stages  of  the  process  shows  how  closely 
akin  is  the  process  to  distillation: 

Distillation Liquid-gas-liquid. 

Sublimation Solid-gas-solid. 

The  object  of  sublimation,  like  distillation,  is  to  obtain  a  volatile 
drug  in  a  purer  form.  Sublimation  is  also  one  method  of  obtaining 
crystals. 

As  the  apparatus  employed  in  distillation  was  one  of  two  types,  so 
in  sublimation  the  operation  is  carried  on  in  apparatus  of  either  the 
alembic  or  the  retort  type. 

If  the  vapors  are  condensed  directly  over  the  vaporizing  substance, 
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if  the  condenser  is  but  little  cooler  than  the  temperature  of  vaporization, 
the  sublimate  will  form  in  a  solid  mass — a  cake  sublimate.  If,  on  the 
other  hand,  the  condensing  space  is  on  one  side,  hence  considerably- 
cooler  than  the  vessel  in  which  the  substance  is  vaporized,  we  get  a 
fine  powder — a  'powdered  sublimate. 


Fig.  91. — Subliming  benzoic  acid.       Fig.  92. — Subliming  camphor  (small  quantities). 

No  artificial  means  of  refrigeration  are  needed  in  sublimation,  the 
air  being  sufficiently  cool  to  condense  the  vapor  into  a  solid  form. 

Several  of  the  official  sublimed  substances  can  spontaneously 
change  from  a  solid  to  a  gas,  without  assuming  the  intermediate  form 


Fig.  93. — Sublimation  of  sulphur  in  glass  retort. 

of  a  liquid.  This  can  be  noticed  in  any  bottle  in  which  camphor  has 
been  kept,  where  handsome  crystals,  products  of  spontaneous  sub- 
limation, can  be  found  in  the  upper  part  of  the  bottle. 
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Benzoic  acid  is  another  volatile  official  that  sublimes  to  crystals. 
Not  so,  however,  with  the  shining  flakes  of  resublimed  iodine,  which 
are  sometimes  wrongly  called  crystals.  Iodine  is  amorphous,  as  we 
will  learn  when  we  take  up  crystallization. 

Apparatus. — Since  in  sublimation  the  condensation  is  usually 
effected  at  the  temperature  of  the  air,  the  apparatus  used  in  the  process 
is  very  simple,  but  similar  to  distillation  in  possessing  the  boiler  part 
and  the  condensing  part. 

In  small  operations  the  alembic  subliming  apparatus  consists  of 
a  dish  covered  with  a  cornucopeia  of  paper,  or  with  a  glass  funnel 
terminating  with  a  wide-mouthed  bottle  (Figs.  91  and  92),  while  when 
powdered  sublimates  are  desired,  an  ordinary  retort  is  used  as  the 
boiler,  and  a  wide-mouthed  bottle  as  condenser  (Fig.  93). 

In  the  sublimation  of  large  quantities  of  chemicals  the  apparatus 
is  usually  of  cast  iron,  the  condenser  consisting  either  of  the  cast-iron 
dome  over  the  retort,  or  a  well-cooled  room  into  which  the  neck  of  the 
retort  projects.     Apparatus  of  the  first  kind  (Fig.  94)  is  used  for  the 


Fig.  94. — Subliming  ammonium  chloride. 

sublimation  of  such  cake  sublimates  as  ammonium  chloride;  whereas 
the  apparatus  of  the  second  kind  is  used  for  the  sublimation  of  sul- 
phur and  the  like,  where  a  powder  is  desired. 

DESICCATION 

Desiccation  is  a  process  of  removing  water  from  a  substance  at  moderate 
temperature,  thus  differing  from  exsiccation,  which  means  removing 
the  water  from  a  substance  at  high  temperatures. 

Desiccation  is  one  of  the  most  commonly  applied  processes  in 
■domestic  economy.  For  example,  it  would  be  perfectly  correct  to  call 
the  drying  of  a  wet  cloth  by  exposing  it  to  air  and  sunlight  "desicca- 
tion." 

Objects. — Desiccation  is  employed  to  aid  in  the  preservation  of 
the  drug;  to  reduce  the  bulk  of  same;  and  to  facilitate  com- 
minution. 

That  the  drying  of  a  substance  aids  its  preservation  by  preventing 
thQ  formation  of  mold  is  a  fact  well  established,  it  being  generally 
known  that  when  most  organic  substances  are  allowed  to  remain  in 
a  permanently  moist  condition,  moldiness  and  ultimate  decomposition 
result. 

It  is  a  fact  worthy  of  the  pharmacist's  attention,  inasmuch  as  it  is 
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a  dictum  that  it  is  only  a  damp  substance  which  becomes  moldy,  and, 
therefore,  mold  can  be  prevented  by  keeping  the  substance  in  a  dry 
place. 

That  desiccation  reduces  the  bulk  of  a  substance  can  be  shown  in 
the  drying  of  fresh  herbs.  Fresh  herbs  contain  from  70  to  80  per  cent, 
moisture,  therefore  the  dry  drug  will  weigh  only  about  one-fifth  of 
the  fresh  drug,  and  will  occupy  a  much  smaller  space.  The  presence 
of  moisture  in  a  fresh  drug  renders  it  practically  impossible  to  reduce 
same  to  powder,  and  if  attempted  by  pounding  the  fresh  drug  in  the 
mortar,  a  pulp  results;  hence  it  is  given  as  a  third  object  of  desiccation 
that  the  process  facilitates  comminution. 

Desiccation  is  not  merely  the  drying  of  the  fresh  herbs,  but  means 
the  removal  of  moisture  from  any  drug;  for  example,  if  a  chemical, 
like  potassium  acetate,  absorbs  moisture  and  becomes  liquefied,  there 


Fig.  95. — Drying  closet. 

is  no  need  of  throwing  away  the  liquid  mass,  since  by  applying  a  gentle 
heat  to  the  substance,  the  moisture  will  be  eliminated  and  the  dry 
chemical  obtained. 

In  the  same  way,  in  making  such  pharmaceuticals  as  pills  or  lozenges, 
the  freshly  finished  compound  will  be  moist,  and  before  putting  same 
away,  they  should  be  freed  from  this  moisture  by  desiccation.  If  such 
pills  or  lozenges  are  put  away  before  completely  dry,  they  will  become 
moldy. 

Apparatus  used  in  desiccation  is  as  varied  as  the  different  charac- 
teristics of  the  subjects  to  be  desiccated.  Thus  in  drying  the  herbs  no 
apparatus  is  needed  other  than  stout  gunny  bags,  which  are  suspended 
in  places  having  free  access  to  air.  In  the  smaller  desiccations  per- 
formed in  laboratories  several  forms  of  apparatus  are  used.  Among 
these  mention  may  be  made  of  drying  closets  (Fig.  95),  which  consist 
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of  a  cupboard,  similar  to  a  fume-closet,  and,  like  it,  having  access  to  a 
flue,  but  arranged  with  a  source  of  heat,  such  as  a  radiator,  underneath. 
For  still  smaller  operations  drying  ovens  are  used,  these  being  heated 
by  means  of  the  Bunsen  burner,  and  usually  jacketed,  so  that  a  water- 
bath  heat  may  be  maintained  if  desired  (Fig.  96). 


Fig.  96. — Drying  oven. 


To  prevent  a  substance  which  has  been  desiccated  from  absorbing 
moisture  from  the  air,  recourse  is  had  to  desiccators,  these  usually  con- 
sisting of  a  glass  vessel  provided  with  a  ground-glass  cover,  the  joints 
being  made  air-tight  by  tallow  or  petrolatum,  the  vessel  being  ao  arranged 


Fig.  97. — Glass  desiccator. 


Fig.  98. — Hempel's  desiccator. 


as  to  contain  in  an  appropriate  space  sulphuric  acid  or  calcium  chloride, 
both  of  which  substances  absorb  water  with  great  avidity,  thus  rendering 
the  air  within  the  container  practically  water  free. 

Of   the   two   forms  of   desiccators  illustrated  in    Figs.  97  and  98, 
the  Hempel  desiccator  is  arranged  to  permit  a  vacuum. 
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CHAPTER   VI 

COMMINUTION 

This  is  the  process  of  reducing  a  substance  to  finer  particles,  and, 
according  to  the  fineness  into  which  the  particles  are  divided,  we  sub- 
divide the  subject  into  the  branches  cutting,  slicing,  chopping,  rasping, 
grating,  bruising,  grinding,  pulverizing,  and  triturating. 

To  obtain  the  substance  in  still  finer  form  than  that  yielded  by 
trituration,  the  processes  of  levigation  and  elutriation  are  used. 

These  several  subjects  will  be  considered  in  regular  order,  with 
mention  of  apparatus  used  in  each  case. 

Objects. — The  chief  object  of  comminution  is  to  present  the  drug 
in  a  form  in  which  it  is  more  susceptible  to  solution.  In  fact,  with  the 
exception  of  comminution  for  the  purpose  of  making  the  so-called 
dusting-powders,  all  processes  of  comminution  used  in  pharmacy  are 
made  with  the  intention  of  facilitating  solution  of  the  drug  or  its  active 
principles. 

VARIETIES  OF  COMMINUTION  AND  APPARATUS  USED 

Cutting,  slicing,  and  chopping  are  familiar  operations,  rarely 
used  in  pharmacy,  except  for  the  preparation  of  drugs  for  the  more 
complete  processes  of  comminution.  Cutting  and  slicing  can,  of 
course,  be  performed  with  any  appropriate  knife  and  chopping  with 
any  sharp  instrument,  such  as  a  hatchet  or  cleaver,  and  in  place  of 
these  familiar  instruments,  the  best  apparatus  in  pharmacy  for  the 


Fig.  99.— Herb-cutter. 

purpose  is  the  herb-cutter  (Fig.  99).  This  can  be  used  in  cutting 
practically  all  drugs,  and  even  for  vanilla-beans,  prior  to  making  tinc- 
ture therefrom.  However,  for  the  cutting  of  vanilla-beans,  nothing 
is  better  than  to  take  about  a  dozen  beans,  wind  them  tightly  with  a 
piece  of  stout  twine,  and  slice  them  down  with  a  sharp  carving-knife. 

Rasping  and  grating  are  not  used  very  much  in  pharmacy,  about 
the  only  drug  which  is  convenient  to  rasp  being  guaiac  wood,  while 
grating  is  limited  to  the  comminution  of  the  small  portions  of  nutmeg 
or  lemon-peel,  a  nutmeg-grater  being  an  inexpensive  and  convenient 
apparatus  to  have  at  a  prescription  counter. 

Contusion  or  bruising  is  performed  in  a  mortar,  and  for  this  special 
purpose  the  old-fashioned  iron  mortar  is  very  useful.     By  means  of 
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the  instrument  almost  any  drug  can  be  reduced  to  powder  of  almost 
any  fineness,  but  the  process  is  so  tedious  that  it  has  largely  been 
replaced  by  grinding  in  a  mill. 

Other  objections  to  the  iron  mortar  are  that  pounding  therein  is  a 
very  noisy  process,  and  a  continuance  of  this  pounding  in  a  large  mortar 
is  apt  to  jar  the  building  where  the  operation  is  conducted,  hence  such 
an  apparatus  should  be  used  only  on  a  firm  foundation,  and  if  on  an 
upper  floor,  the  mortar  should  be  placed  on  a  rafter  and,  if  possible, 
over  a  supporting  pillar. 

Wooden  mortars  were  formerly  in  considerable  use,  and  at  present 
are  sometimes  used  in  the  bruising  of  acid  drugs,  such  as  beating  up  a 
tamarind  pulp  preparatory  to  making  confection  of 
senna,  while  huge  marble  mortars,  which  formerly 
enjoyed  considerable  popularity,  have  now  almost 
completely  fallen  into  disuse.  Mortars  used  for 
.contusion,  the  familiar  form  of  which  are  seen  in 
appended  cut  (Fig.  100),  must  not  be  confounded 
with  the  smaller  mortars  used  in  process  of  trit- 
uration at  the  counter. 

Grinding  and  Pulverizing. — Grinding  is  the 
process    of    reducing    substances  to    moderately     Fig.  loo.— iron  mortar, 
coarse  powders.     Pulverization  is  a  term  usually 
applied  to  grinding  to  a  still  finer  powder.     In  both  cases  the  opera- 
tion is  carried  on  in  special  apparatus  called  mills. 

A  discussion  of  mills,  as  of  stills,  means  mention  of  a  vast  variety 
of  apparatus  adapted  for  the  various  requirements  of  the  trade,  for 
example,  in  a  thorough  discussion  of  the  subject,  mention  should  be 
made  of  flour-mills  and  mills  for  other  large  technical  processes.  Even 
in  the  consideration  of  the  strictly  pharmaceutic  operation  of  drug-grind- 
ing, almost  as  large  a  number  of  mills  could  be  discussed,  and  picking 
from  this  array  the  most  typical  forms,  it  is  necessary  to  discuss  the 
following,  but  with  a  brief  mention  of  their  principle  of  action,  leav- 
ing the  cuts  to  convey  the  main  characteristics. 

Buhrstone  Mill. — This  is  the  ordinary  form  of  mill,  and  is  made 
of  two  stone  corrugated  plates  which  rotate  on  each  other.  On  the 
rotating  surface  of  the  two  are  made  grooves  which  act  on  each  other, 
and  on  the  drug  interposed,  in  a  manner  somewhat  similar  to  the  blades 
of  a  scissors,  clipping  the  drug  to  pieces  at  the  same  time  that  the 
weight  of  a  stone  crushed  the  drug  to  powder.  Such  form  of  mill  is 
seen  in  the  typical  flour-mill  (Fig.  101). 

Roller-mill. — This  consists  of  two  large  rollers  of  steel  or  iron,  which 
revolve  on  each  other  and  can,  by  means  of  suitable  mechanism,  be 
made  to  approach  and  become  remote  from  each  other.  Such  mill 
works  entirely  from  the  dead  weight  of  the  roller,  and  is  used  for  the 
powdering  of  greasy  or  soft  substances. 

Chasers  consist  of  two  movable  rollers  rotating  on  a  central  axis 
on  a  steel  base  (Fig.  102).  Such  a  chaser  mill  is  used  in  the  making 
of  chocolate  paste  and  the  like. 

Barrel  or  cannon-ball  mills  consist  of  barrels  made  of  oak  or  steel, 
containing  iron  spheres  about  the  size  of  cannon-balls,  the  barrel  being 
arranged  to  rotate  upon  an  axis,  and  when  this  is  done,  the  cannon- 
balls  roll  to  and  fro  with  sufficient  force  to  powder  the  drug  contained 
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in  the  barrel.  The  advantage  possessed  by  a  barrel-mill  is  that  the 
process  of  pulverization  is  made  with  but  little  loss,  because  none  of 
the  dust  escapes.  Its  objection,  however,  is  the  intolerable  noise  of 
the  rolling  cannon-balls. 


Fig.  101. — Buhrstone  mill. 


Fig.  102.— Chaser  mill. 


Mead's  disintegrator  is  the  most  efficient  type  of  the  modern  power 
drug-mill,  and  can  best  be  understood  by  studying  the  cuts  (Figs.  103 
and  104).  As  seen  therein,  it  consist  of  a  steel  disk  having  on  the 
outer  edge  a  series  of  steel  projections.  This  disk  rotates  in  a  case  the 
upper  edges  of  which  consists  of  a  corrugated  steel,  against  which  the 
projections  in  the  disk  come  almost  into  contact.  The  unique  principle 
of  the  mill  is  the  fact  that  it  performs 
its  work  not  by  reason  of  its  weight, 

but  because  of  the  enormous  velocity  -  JH^^^^^K  \ 

at  which  the  disk  rotates,  the  drug 
placed  in  the  mill  being  thrown  up  by 
the  disk  and  its  projections  against 
the  steel  corrugations  with  a  force 
somewhat  akin  to  a  cyclone  and  is  -^,,^^^^  , 
so  literally  torn  to  shreds.  ^^~~"       ' 


Fig.  103. — Mead  disintegrator. 


Fig.  104. — Mead  disintegrator  (open). 


All  the  mills  above  mentioned  operate  entirely  by  steam  power, 
and  are,  therefore,  beyond  the  province  of  the  retail  pharmacy,  hence 
of  more  importance  to  pharmacists  are  the  mills  now  to  be  discussed. 

Hand  Power  Mills. — Of  the  many  varieties  of_  hand  mills,  three 
types  can  be  considered:  Those  in  which  the  drug  is  crushed  between 
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two  vertical  grinding  surfaces,  those  in  which  the  grinding  surfaces  are 
horizontal,  and  those  in  which  the  grinding  surfaces  are  conic. 

An  example  of  the  first  type 
is  found  in  the  old-style  Swift 
mill;  the  second  type  is  shown 
in  the  Hance  mill,  and  the  third 
type  is  represented  by  the  Enter- 
prise mill,  all  of  which  are  shown 
in  the  cuts  (Figs.  105,  106,  and 
107). 


Fig.  105.— Swift  mill. 


Fig.  106. — Hance  mill. 


Of  these  mills,  the  most  serviceable  is   the  conic  variety,  and  in 
selecting  a  mill  it  is  highly  advisable  to  choose  one  in  which  the  plates 


Fig.  107. — Enterprise  drug-mill. 

are  easily  removed  for  cleaning.     By  means  of  a  drug  mill,  a  substance 
caa  be  rapidly  reduced  to  powder  provided  suitable  care  is  taken  by 
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the  operator,  it  being  a  good  rule  to  first  grind  the  substance  coarsely, 
then  return  it  to  the  mill,  bringing  the  plates  closer  by  means  of  the 
screws  intended  for  that  purpose,  grind  the  drug  again,  and  possibly 
repeat  the  operation  with  the  screws  still  tighter.  In  rotating  the 
plate  by  means  of  the  crank  or  wheel,  a  uniform  and  steady  motion 
should  be  maintained,  far  better  results  being  obtained  by  a  slow 
persistent  motion  than  by  rapid  and  spasmodic  efforts.  Under  no 
circumstances  should  the  mill  be  worked  so  rapidly  as  to  overheat  the 
plates. 

With  proper  treatment  a  drug-mill  should  last  a  lifetime. 
Trituration  is  the  process  of  reducing  a  substance  to  a  finer  powder 
than  is  usually  obtained  by  grinding  in  a  mill,  and  is  generally  accom- 
plished by  placing  a  drug  in  a  mortar  and  acting  on  same  by  the  rotary 
action  of  the  pestle.  The  apparatus  used  in  trituration  is  the  pestle 
and  mortar  aided  by  the  spatula,  and  for  trituration  the  pestle  and 
mortar  should  be  of  the  design  shown  in  the  appended  cut  (Fig.  108). 

Such  mortars  are  constructed  of  por- 
celain, wedgewood,  or  glass,  and  for 
the  trituration  of  a  very  hard  sub- 
stance agate  mortars  are  sometimes 
used. 

The  pestle  accompanying  the  reg- 
ulation wedgewood  mortar  has  usu- 
ally a  wooden  handle  which  is  put 
into  the  wedgewood  base  in  a  very 
crude  way,  usually  by  pouring  a  mix- 
ture of  rosin  and  wax  into  the  socket 
and  placing  the  handle   in  while  the 

mixture    is   still  warm.      Usually    a 

Fig.  108.— Triturating  mortar.  pestle   SO   fastened   is  Very  inconve- 

nient, as  the  rosin  and  wax  will  chip 
off  and  fall  into  the  substance  being  triturated.  If  it  is  used  in  tritura- 
tion of  warm  ointments,  the  wax  is  apt  to  soften,  and  if  employed  in 
mixtures  containing  alcohol,  the  alcohol  is  apt  to  dissolve  the  resin. 

It  is  a  good  rule  to  fasten  the  pestle  handle  securely  as  soon  as 
purchased,  and  this  is  easily  done  by  removing  the  handle  from  the 
base  by  gentle  warmth,  cleaning  the  socket  free  from  the  resinous 
matter,  and  then  pouring  into  the  socket  a  thin  mixture  of  plaster-of- 
Paris  with  water,  insert  the  handle  immediately,  and  allow  it  to  stand 
until  the  mixture  has  completely  set.  A  handle  so  fastened  usually 
remains  attached  to  the  base. 

As  there  is,  however,  some  danger  of  the  chipping  of  the  plaster, 
a  cement  consisting  of  glycerin  and  oxide  of  lead  (litharge)  made  into 
a  paste  has  been  recommended. 

A  wedgewood  mortar  after  continual  use  becomes  grimy  and  cannot 
be  cleaned  by  the  simple  application  of  soap  and  water.  To  thoroughly 
cleanse  such  mortar,  powder  a  few  crystals  of  potassium  dichromate 
in  the  same  and  rub  to  a  thin  paste  with  sufficient  concentrated  sul- 
phuric acid;  smear  same  over  the  mortar  outside  and  in.  When  the 
paste  is  washed  off,  the  wedgewood  will  be  found  perfectly  clean. 

Spatulas. — The  object  of  the  spatula  in  trituration  is  to  scrape 
the  triturated  powder  from  the  sides  of  the  mortar,  and  for  this  purpose 
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a  small  spatula  convenient  to  carry  in  the  vest  pocket  is  most  con- 
venient. Of  the  two  forms  of  spatula  shown  in  illustrations,  the 
nickel-plated  form  is  the  most  modern  and  most  satisfactory,  and  every 
pharmacist  should  carry  one  as  his  personal  property  (Figs.  109  and 
110). 

Triturates. — Aside  from  the  general  term,  trituration,  as  applied 
to  reducing  drugs  to  fine  powder,  a  class  of  preparations  called  "trit- 


Fig.  109. — Cocoa-handle  spatula. 

urates"  have  been  introduced.  These  are  of  homeopathic  origin  and 
consist  of  the  medicine  intimately  mixed  with  sugar  of  milk.  The 
Pharmacopoeia  recognizes  as  this  class  of  triturates  preparations 
containing  10  per  cent,  of  the  active  ingredient  rubbed  up  with  90  per 
cent,  sugar  of  milk.   (See  Triturate  of  Elaterin,  p.  305.) 


Fig.  110. — Nickel-plated  spatula. 

Sieves. — The  grinding  or  compounding  of  a  drug,  no  matter  how 
carefully  carried  on,  will  not  in  itself  produce  an  absolutely  uniform 
powder,  the  more  easily  pulverulent  portions  of  the  drug  being  ground 
more  finely  than  the  denser  portions.  In  order  to  insure  a  uniform 
powder,  therefore,  it  is  necessary  to  sift  same  through  sieves,  which 
consist  of  mesh  work  either  of  horsehair  or  metal  stretched  around  a 
suitable  holder  (Fig.  111). 

The  sieve  can  be  made  with  meshes  of  equal  size,  and  for  sifting 
drugs,  sieves  with  twenty,  thirty,  forty,  sixty,  and  eighty  meshes  to  a 
linear  inch  are  usually  employed,  the 
finished  sieve  being  accordingly  num- 
bered, 20,  30,  40,  60,  and  80  respec- 
tively. 

In  Germany  and  other  countries 
of  Europe  the  numbering  of  the  sieve 
is  different  from  the  English  and  Ameri- 
can, it  being  based  on  the  number  of 
meshes  to  the  centimeter.  As  an  inch 
is  equal  to  2.5  cm.,  the  conversion  of 
the  German  number  to  the  American 
is  not  difficult,  each  unit  of  the  German 

sieve  being  equal  to  2.5  units  of  the  American  sieve.  Thus  a  No.  15 
German  is  equal  to  a  No.  40  American  (exactly  37^) ;  while  a  No.  20 
German  equals  a  No.  50  American. 

In  using  a  sieve,  the  ground  drug  is  thrown  therein  and  the  particles 
permitted  to  fall  through  the  meshes  by  gently  tapping  the  sieve  with 
a  spatula  handle  or  the  knuckle,  particular  emphasis  being  laid  by 


Fig.  111. — Brass  sieve. 
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pharmaceutic  writers  against  forcing  the  powder  through  the  sieve 
by  rubbing  same  with  the  hand.  It  is  imperative  that  all  portions  of 
the  same  drug  should  be  reduced  to  a  uniform  powder,  hence  we  should 
not  merely  use  the  first  portion  that  passes  through,  leaving  the  coarser 
particles  for  a  subsequent  grinding,  but  we  should  take  a  certain  quan- 
tity of  the  drug,  grind  same  with  the  mill,  and  sift,  repeating  the  opera- 
tion until  the  entire  quantity  has  been  passed  through,  except  possibly 
a  small  amount  of  fibrous  debris.     When  all  the  drug  has  thus  been 

passed  through  the  sieve,  the 
powder  is  thoroughly  mixed 
with  the  spatula,  and  only  then 
can  we  say  that  we  have  com- 
pletely powdered  the  entire 
drug. 

Powdered  drugs  are  given 
the  same  number  as  the  sieve 
through  which  they  pass;  thus 
a  No.  20  powder  means  a  drug 
passed  through  a  No.  20  sieve. 
The  finest  sieve  in  ordinary 
use  is  the  No.  80,  and  if  the 
substance  is  desired  to  a  powder 
finer  than  eighty,  it  is  passed 
T..     ,,„     t:,     ,  .       .  ,   .,,  through     bolting-cloth,     which 

i<ig.  112. ^iiixcelsior  mixer  and  sifter.  • 'r         n  ,",,         -'i  , 

consists  of  a  cloth  with  exact 
meshes  made  of  silk  thread.  The  finer  grades  of  flour  are  thus  sifted 
through  bolting-cloth. 

In  large  drug-milling  establishments  the  sifting  is  carried  on  in  a 
power  sieve,  one  of  the  best  varieties  of  such  an  apparatus  being  the 
Excelsior  mixer  and  sifter  (Fig.  112). 

Levigation  is  the  process  of  reducing  a  powder  to  still  finer  par- 
ticles than  can  be  attained  through  trituration,  and  is  accomplished 
by  placing  a  substance  on  an  appropriate  slab,  moistening  with  a  few 
drops  of  alcohol,  and  smearing  same  over  the  slab  by  means  of  an 


Fig.  113.— Slab  and  muUer. 


Fig.  114. — Movement  of  muUer. 


instrument  known  as  the  muller  (Figs.  113  and  114).  As  shown 
in  cut,  the  correct  way  of  using  the  muller  is  by  rotating  the  same  in  a 
circular  motion,  as  if  drawing  the  figure  8.  If  the  slab  and  muller 
are  composed  of  porphyry,  the  process  is  called  porphyrization. 

Elutriation  is  a  crude  process  of  separating  coarser  from  finer 
particles  by  suspension  in  water,  hence  is  sometimes  called  "water- 
sifting."     It  is  used  only  in  separating  insoluble  substances,  and  is 
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limited  to  a  few  cases,  such  as  the  separation  of  chalk  from  the  grit 
with  which  it  is  associated  when  mined.  The  freshly  mined  chalk 
is  coarsely  ground,  mixed  with  water  to  a  thin  paste,  and.  then  thrown 
into  a  tank  containing  water,  with  the  result  that  the  gritty  quartz 
will  be  washed  out  and  subside,  while  the  less  heavy  chalk  remains 
for  a  time  suspended  in  the  liquid.  Alter  a  few  minutes  the  liquid  is 
drawn  from  the  tank  into  another  through  a  faucet,  placed  some  dis- 
tance above  the  bottom  of  the  vessel,  and  there  is  allowed  to  stand  until 
the  suspended  chalk  has  separated,  whereupon  the  clear  liquid  is  drawn 
off  and  the  pasty  chalk  is  obtained  almost  free  from  grit.  In  commerce 
this  chalk  paste  is  usually  marketed  in  the  form  of  cones,  and  these 
are  produced  by  the  process  known  as  trochiscation. 

Trochiscation. — By  placing  the  paste  in  a  wooden  vessel  shaped 
like  a  funnel,  and  by  giving  the  apparatus  sharp  raps,  the  paste  drops 
upon  a  porous  surface,  such  as  a  slab  of  chalk  or  of  earthenware,  where 
it  dries  in  cones,  an  expert  workman  being,  able  to  make  practically 
all  the  cones  the  same  size. 

Pulverization  by  Intervention. — There  are  some  substances 
which  are  almost  impossible  to  reduce  to  powder  by  trituration  or 
other  methods  of  comminution  already  discussed.  Among  these  the 
best  known  example  is  camphor,  which,  when  pounded  with  a  pestle, 
becomes  a  pliable  mass.  If,  however,  to  the  camphor  a  few  drops 
of  alcohol  or  chloroform  be  added,  it  can  be  powdered  without  difficulty. 
This  method  of  reducing  a  substance  to  powder  by  means  of  another 
substance  is  called  pulverization  by  intervention.  Camphor  powdered 
with  alcohol  is  apt  to  cake  on  standing,  and  this  can  be  obviated  by 
adding  to  same  a  minute  quantity  of  colorless  petrolatum. 

Other  examples  of  pulverization  by  intervention  are  the  powdering 
of  gold-foil  by  trituration  with  potassium  sulphate,  the  potassium 
sulphate  being  removed  after  trituration  by  treatment  of  the  powder 
with  water.  Tin  can  be  powdered  by  pouring  the  molten  metal  into 
prepared  chalk  and  shaking  until  thoroughly  cold,  the  prepared  chalk 
being  separated  from  the  powdered  tin  by  treatment  with  diluted  acids. 
Phosphorus  can  be  powdered  by  simply  melting  it  in  solution  of  salt 
and  shaking  same  until  cold. 


CHAPTER   VII 


SOLUTION,   LOTION,   DECANTATION,  COLATION,  AND 

FILTRATION 

SOLUTION 

The  time-honored  definition  of  solution,  that  is,  a  process  whereby 
a  solid  or  gas  is  liquefied  by  means  of  a  solvent,  is  scarcely  the  modern 
view  of  the  subject. 

The  best  definition  is  a  "molecular  subdivision  of  a  body  in  a 
liquid,  the  result  being  a  clear,  homogeneous  fluid."     By  "molecular 
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subdivision"  is  intimated  that  all  substances  going  into  solution — be 
they  solids,  liquids,  or  gases — become  divided  from  masses  into  ions 
which  permeate  the  molecules  of  the  dissolving  liquid,  producing 
homogeneity  or  uniformity. 

Thus  each  molecule  of  sodium  sulphate,  on  being  dissolved  in  water, 
is  separated  into  positive  ions  consisting  of  Na,  into  negative  ions, 
consisting  of  SO4,  a  molecule  of  water  acting  as  the  partition  between 
each  of  the  ions. 

Solvent. — In  order  to  dissolve  a  substance  a  solvent  is  required, 
and  the  character  of  different  solvents  varies  greatly,  investigation 
showing  that  practically  all  physical  combinations,  such  as  the  making 
of  solders,  fusing  of  alloys,  and  the  like,  follow  the  same  rules  as  does 
the  ordinary  solution.  Thus,  at  present,  alloys,  such,  for  example, 
as  brass,  are  considered  a  solution  of  the  metals  of  which  it  is  composed. 

Pharmaceutically,  however,  by  a  solvent  is  meant  a  liquid  in  which 
the  substance  is  made  to  disappear  and  lose  its  identity. 

Of  the  solvents  used  in  pharmacy,  water  is  preeminently  the  most 
valuable,  as  in  it  dissolve  most  inorganic  chemicals,  and  such  organics 
as  sugars,  gums,  and  glucosides. 

Alcohol  dissolves  resinous  drugs,  volatile  oils,  etc. 

Glycerin  is  an  excellent  solvent,  dissolving  the  water-soluble  sub- 
stances, and  in  larger  quantities,  but  its  stickiness  precludes  its  general 
use. 

Acids  are  used  as  solvents  in  some  cases,  although  usually  the  acid 
effects  a  chemical  change  in  the  nature  of  the  dissolved  substance. 

Alkalis  are  valuable  solvents  for  some  substances,  as  albuminous 
<t  matter,  waxes,  starches,  and  resins,  but  they,  like  the  acids,  usually 

make  chemical  Ganges  in  the  dissolved  substances. 

Chloroform  and  ether  and  petroleum  ether  (or  henzin,  U.  S.  P.)  are 
solvents  for  resins,  oils,  and  fats,  though  their  use  is  somewhat  limited. 

Carbon  disulphide  is  used  for  dissolving  rubber,  while  for  solution  of 
gutta-percha,  chloroform  answers. 

Of  late,  in  chemical  work,  acetic  ether  has  become  a  valuable  sol- 
vent, while  wood-alcohol  and  also  acetone  are  largely  supplanting  grain- 
alcohol  in  many  cases  of  solution  in  the  arts. 

Solubility. — By  this  term  is  meant  how  much  of  a  substance  dis- 
solves in  a  given  solvent.  The  range  of  solubility  is  practically  limitless, 
some  substances  in  much  less  than  their  own  weight  of  the  solvent, 
whereas  other  substances  require  many  times  the  weight  of  the  solvent. 
Thus,  silver  bromide  requires  one  to  two  million  times  its  weight  of 
water  for  solution,  while  potassium  iodide  dissolves  in  seven-tenths  its 
own  weight  of  water.  When  a  substance  is  so  slightly  soluble  as  silver 
bromide,  we  usually  term  it  insoluble,  although  practically  every 
substance  does  dissolve  in  minute  amounts,  as  in  the  case  of  the  chemical 
just  mentioned. 

To  memorize  the  individual  solubilities  of  all  the  officials  is  prac- 
tically impossible,'  although  the  student  should  know  in  a  general  way 
whether  a  body  dissolves  in  water  or  is  insoluble,  and,  moreover,  he 
should  be  acquainted  with  the  approximate  water  solubilities  of  such 
well-known  chemicals  as  potassium  bromide,  potassium  iodide,  and 
potassium  chlorate. 

Regarding  general  solubilities  in  water,  the  following  information 
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relative  to  inorganic  salts  is  useful,  especially  in  considering  prescrip- 
tions: 

Soluble.  Insoluble. 

All  acetates.  Carbonates,  except  those  of  the  alkalis. 

All  nitrates.  Phosphates,  except  those  of  the  alkalis. 

Sulphates,  except  barium,  strontium, 
lead,  silver. 

All  sodium  salts. 

Potassium  salts,  except  bitartrate. 

Chlorides,  except  silver  and  mercurous. 

This  table  is  of  barest  outline,  and  refers  only  to  well-known  medical  substances. 
For  instance,  there  are  a  few  insoluble  sodium  salts,  but  they  are  nOt  Worth  considera- 
tion in  pharmacy.  Then  remember  that  the  term  "soluble"  is  purely  relative. 
Potassium  iodide  is  soluble  in  three-fourths  its  weight  of  water  at  15°  C;  cal- 
cium sulphate,  on  the  other  hand,  requires  410  parts  of  water  at  15°  C.  to  dissolve  it; 
yet  both  are  classed  as  "soluble"  in  above  table.  Then  in  the  table  many  substances 
are  missing.  For  instance,  no  specific  mention  is  made  of  copper  and  zinc  salts, 
or  of  the  silicates,  or  of  a  host  of  other  bodies.  These  omissions  are  due  to  the  fact 
that  no  classification  of  the  substances  as  to  the  solubility  can  be  made.  Some  zinc 
salts  are  soluble,  some  are  insoluble;  hence  they  are  omitted. 

Simple  and  Chemical  Solutions. — Thanks  to  the  investigations  of 
Arrhenius  and  Ostwald,  the  former  popular  distinction  between  simple 
and  chemical  solutions  has  become  almost  obsolete,  Arrhenius  showing 
that  when  the  chemical  dissolves  in  water,  it  immediately  dissociates 
into  two  or  more  portions,  called  "ions,"  and,  in  fact,  in  exactly  the 
same  way  as  some  substances  separate  when  under  the  influence  of 
electricity.  In  the  old  method  of  reasoning  a  solution  of  Glauber 
salt,  NajSO^,  in  water  was  a  simple  solution,  but  if  the  same  salt  solution 
was  produced  by  mixing  a  solution  of  sodium  hydroxide  with  dilute  sul- 
phuric acid,  because  a  chemical  action  occurred  during  the  process  of 
solution,  this  latter  solution  of  sodium  sulphate  was  a  chemical  solution. 

The  modern  view  is  that  both  solutions  are  identical,  consisting  as 
they  do  of  ions  of  sodium  and  ions  of  the  SO4  group;  hence  in  the  modern 
discussion  of  solution  the  terms  "simple"  and  "chemical"  are 
eliminated. 

However,  in  the  pharmaceutic  discussion  of  the  solutions  of  the  ^ 
United  States  Pharmacopoeia  it  is  convenient  to  classify  /barngjinto  p 
those  made  by  simply  dissolving  the  solution  in  waterTwhicn  solutions 
are  called  "galenics,"  and  those  m  the  manufacture  of  which  by  the 
pharmacist  a  chemical  change  occurs.  In  this  sense  the  term  simple 
and  chemical  solutions  are  still  applied,  without,  however,  any  inten- 
tion to  intimate  that  any  marked  difference  exists  between  the  same 
compound  made  by  simple  solution  and  that  made  by  chemical  action. 

Conditions  of  Solution. — In  order  to  facilitate  solution  it  is 
advisable  to  pulverize  the  substance  which  is  to  be  dissolved,  the 
advantages  of  pulverization  being  best  illustrated  by  a  homely  simile. 

Imagine  a  closed  book  of  500  pages  as  a  lump  or  crystal  of  matter. 
Imagine  this  exposed  to  the  action  of  a  solvent.  This  solvent  can  only 
attack  front,  back,  and  four  edges — a  surface  scarcely  equal  to  that  of 
three  leaves.  Now  imagine  that  book  taken  all  apart,  and  its  500 
pages  spread  flat  on  the  floor,  and  see  what  an  enormous  increase  in 
surface.  In  the  same  way  a  great  increase  is  produced  in  the  surface 
exposed  to  the  action  of  a  solvent  when  a  crystal  is  reduced  to  powder. 
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After  powdering  the  substance  and  mixing  it  with  the  solvent, 
solution  can  be  facilitated  by  agitating  the  naixture  of  the  substance 
and  the  solvent,  and  this,  because,  when  we  suggest  that  a  solution 
is  a  minute  subdivision  of  the  substance  affecting  the  very  molecules 
which  permeate  the  molecules  of  the  solvent,  it  is  plain  to  be  seen  that 
in  order  completely  to  mix  these  molecules,  agitation  is  necessary  just 
as  some  form  of  agitation  aids  in  the  mixing  of  solids. 

Among  the  conditions  of  solution  the  character  of  the  solvent  has 
considerable  influence,  and  it  is,  of  course,  self-evident  that  it  is  useless 
to  attempt  a  solution  of  a  substance  in  a  solvent  which  does  not  effect 
it.  In  the  same  way  care  must  be  had  in  mixing  solutions  not  to  add 
to  the  liquid  another  liquid  which  is  apt  to  precipitate  the  dissolved 
substance,  even  though  that  liquid  is  freely  miscible  with  the  solvent 
that  has  been  employed.  Thus,  alcohol  and  water  dissolve  in  each 
other,  but  if  in  the  water  is  dissolved  a  substance  which  will  not  dis- 
solve in  alcohol,  such,  for  example,  as  gum  arable,  the  addition  of  more 
than  traces  of  alcohol  will  result  in  the  precipitation  o£  the  gum  from 
the  solution. 

In  the  same  way,  if  we  have  an  alcoholic  solution  of  a  resinous 
substance  and  add  water  to  it,  the  water  will  mix  with  the  alcohol, 
but  in  the  process  of  solution  of  the  two  fluids  the  resin,  which  is  insolu- 
ble in  water,  is  precipitated. 

Temperature  is  a  decided  factor  in  influencing  solution.  Usually 
a  high  degree  of  heat  facilitates  solution,  although  not  in  a  definite 
ratio.  Thus  one  part  of  potassium  chlorate  will  dissolve  in  16.7  parts 
of  water  at  15°  C,  while  one  part  of  the  same  salt  will  dissolve  in  1.7 
parts  water  at  100°  C.  This  is  not  always  true,  however,  some  sub- 
stances being  more  soluble  in  cold  water  than  in  hot. 

Thus  one  part  of  lime  will  dissolve  in  750  parts  water  at  15°  C, 
while  it  takes  1300  parts  of  water  at  100°  C.  to  dissolve  the  same 
quantity. 

An  interesting  case  of  temperature  variation  in  solution  is  found 
in  sodium  sulphate  (p.  475). 

Heat  aids  solution  in  rendering  molecular  subdivisions  easier.  A  body,  in  fusing, 
changes  from  a  solid  to  a  liquid,  simply  because  the  heat  changes  the  condition  of 
the  molecules  from  fixed  rigidity  to  the  mobility  characteristic  of  liquids.  This  is 
supposed  to  be  caused  by  the  influence  of  heat  in  lessening  the  cohesive  force  of  the 
molecules  of  the  substance — by  pushing  the  molecules  farther  apart.  In  the  case  of 
solution,  the  molecules  of  dissolving  substance  becoming  separated  by  diffusion 
among  the  molecules  of  the  solvent,  the  separation — the  pushing  apart  of  the  mole- 
cules— is  greatly  facilitated  by  the  application  of  heat,  and  that  its  aid  in  overcoming 
cohesion  is  usually  enlisted  in  solution  is  shown  by  the  fact  that,  when  a  substance  is 
dissolved  at  normal  temperatures,  it  usually  takes  up  so  much  heat  away  from  the 
solvent  that  the  liquid  becomes  cold.  This  is  especially  to  be  noticed  dissolving 
potassium  iodide  in  water,  and  freezing  mixtures  are  usually  devised  on  this  principle. 
However,  bear  in  mind  that  all  solids  do  not  chill  the  solvent  on  dissolving.  For 
instance,  when  calcium  chloride  is  dissolved  in  water,  the  temperature  of  the  solution 
is  raised  considerably.  This,  however,  is  supposed  to  be  due  to  a  chemical  combina- 
tion with  water,  as  is  also  assumed  to  be  the  case  when  sulphuric  acid  or  alcohol  is 
mixed  with  water.  i 

Method  of  Solution. — The  ordinary  method  of  dissolving  a  sub- 
stance is,  as  suggested  just  above,  by  reducing  the  substance  to  a  com- 
paratively fine  powder  in  a  mortar,  then  adding  the  solvent,  and 
triturating  until   solution   is   accomplished,    and   finally  filtering  the 
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finished  solution  by  passing  through  a  pledget  of  cotton  placed  in  an 
appropriately  sized  funnel.  The  careful  pharmacist,  in  preparing 
solutions  on  prescriptions,  should  always  observe  this  rule,  as  the 
chemicals  used  are  likely  to  contain  minute  traces  of  insoluble  impuri- 
ties, such  as  fragments  of  cork  from  the  container,  or  possibly  traces 
of  soot,  and  to  dispense  a  solution  any  way  other  than  absolutely  clear 
does  not  enhance  a  pharmacist's  reputation.  In  a  case  of  a  very 
soluble  salt,  such  as  potassium  iodide,  the  powdering  and  subsequent 
trituration  in  the  mortar  are  not  necessary,  in  such  case  the  solution 
being  quickly  effected  by  throwing  the  crystals  into  the  flask  designed 
to  hold  the  finished  prescription,  adding  the  water,  shaking  until 
solution  results.  In  all  such  cases  the  rule  of  filtration  through  cotton 
should  be  rigidly  adhered  to,  it  being  a  simple  matter  to  pour  the 
liquid  from  the  flask  into  a  graduate  and  then  filter  into  the  bottle. 

Some  substances,  such  as  gum  arable  and  sugar,  dissolve  com- 
paratively slowly,  and  in  such  cases  recourse  is  had  to  that  method  of 
solution  known  as  circulatory  solution. 

Circulatory  Solution. — In  this  process  the  substance  is  tied  in 
a  piece  of  cloth  and  suspended  just  below  the  surface  of  the  solvent. 
The  liquid  in  contact  with  the  drug  becomes  impregnated  with  the 
substance,  and,  being  of  greater  density  than  the  water,  sinks  to  the 
bottom  of  the  container,  giving  place  to  a  fresh  supply  of  water,  which 
in  turn  becomes  denser  and  sinks.  In  this  way  a  constant  downward 
current  of  dissolved  substance  and  an  upward  stream  of  displaced 
water  produces  a  circulatory  motion  of  the  liquid  in  the  container, 
hence  the  name,   "circulatory  solution." 

Saturated  solution  is  one  which  contains  all  of  a  certain  substance 
that  the  solvent  will  hold  in  a  solution,  and  the  quantity  of  a  drug  in 
such  a  saturated  solution  is,  of  course,  dependent  on  the  relative  solu- 
bility of  the  drug.  Thus,  a  solution  of  lime  containing  in  100  grammes 
only  16  centigrammes  of  calcium  hydroxide  is  a  saturated  solution, 
even  as  is  a  solution  of  potassium  iodide,  100  grammes  of  which  contain 
about  56  grammes  of  potassium  iodide.  In  other  words,  the  term 
saturated  means  the  limit  of  solubility  rather  than  the  comparative 
denseness  of  solution.  An  interesting  point  connected  with  saturated 
solution  is  that  a  saturated  solution  of  one  substance  may  act  as  an  ad- 
mirable solvent  of  another;  in  other  words,  in  a  saturated  solution,  the 
solvent  powers  of  that  liquid  are  exhausted  only  as  far  as  that  one 
substance  is  concerned,  but  can  be  exerted  in  effecting  solution  of 
another  substance.  Thus  a  saturated  solution  of  potassium  iodide 
not  merely  dissolves  iodine,  but  also  much  more  of  that  chemical  than 
will  water  alone.  In  the  same  way  a  saturated  solution  of  potassium 
nitrate  will  freely  dissolve  copper  sulphate,  and  this  scheme  has  been 
used  for  removing  copper  impurities  from  large  quantities  of  potassium 
nitrate. 

Supersaturated  Solution. — Under  certain  conditions,  a  solvent 
sometimes  takes  up  and  holds  more  of  a  salt  than  is  indicated  by  the 
solubility  of  that  salt. 

This  is  particularly  the  case  when  the  salt  is  treated  with  water  of 
a  temperature  greater  than  normal.  As  already  mentioned,  hot  water 
will  usually  dissolve  more  of  a  salt  than  will  cold  water,  and  such 
solution,  on  standing,  usually  deposits  the  amount  of  salt  in  excess  of 
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the  quantity  soluble  at  ordinary  temperatures  of  the  atmosphere,  and, 
indeed,  as  will  be  noticed  in  crystallization,  this  great  excess  usually 
draws  with  it  a  great  majority  of  the  salt  in  solution. 

A  solution  of  this  kind,  holding  more  of  the  salt  than  is  normally 
dissolved,  is  said  to  be  a  supersaturated  solution,  and  in  some  cases 
such  a  supersaturated  solution  will  remain  liquid  without  depositing 
the  excess  until  violently  agitated.  Such  is  particularly  striking, 
as  shown  in  the  case  of  sodium  sulphate  (p.  475). 

Volume  Changes  in  Solution. — In  effecting  solution  between  a 
certain  volume  of  a  chemical  and  a  certain  volume  of  its  solvent,  the 
resulting  solution  usually  occupies  less  space  than  do  the  two  ingre- 
dients. In  other  words,  contraction  of  volume  occurs  in  effecting 
solution.  By  this,  of  course,  reference  is  not  made  to  the  fact  of  the 
solvent  occupying  the  interstices  or  air-spaces  found  in  a  certain  volume 
of  a  crude  chemical,  but  what  is  meant  is  the  actual  volume  of  the 
solvent  itself  independent  of  air-spaces.  Thus  sugar  (specific  gravity, 
1.336)  has  a  specific  volume  of  0.748,  and  85  Gm.  of  sugar,  therefore, 
would  occupy  the  space  of  63.6  Cc.  This  85  Gm.  of  sugar,  dissolved  in 
48  Cc.  of  water,  made  100  Cc.  of  syrup,  showing  a  contraction  of  11.6  Cc. 
in  the  process.  In  the  same  way  dried  alum  dissolved  in  water  con- 
tracts, as  does  the  well-known  mixture  of  alcohol  and  water  in  pre- 
paring diluted  alcohol. 

The  latter  case  of  the  contraction  of  alcohol  and  water  in  preparing 
diluted  alcohol  is  sufficiently  marked  to  be  worthy  of  attention  by  the 
operator,  as  was  shown  by  an  incident  coming  to  the  author's  attention, 
in  which  a  pharmacist,  in  preparing  forty  gallons  of  dilute  alcohol  for 
a  customer,  mixed  twenty  gallons  of  alcohol  and  twenty  gallons  of 
water,  bottled  same  without  measuring,  and  was  much  grieved  on 
receiving  complaint  from  the  customer  that  the  quantity  was  several 
quarts  short. 

Estimation  of  Solubility. — Reference  has  been  made  in  a  preceding 
paragraph  to  the  solubility  of  a  solid  in  water  and  other  solvents. 
This  is  done  in  several  ways,  the  usual  method  being  by  weighing  a 
certain  quantity  of  the  solid  in  a  tared  bottle,  adding  a  certain  quantity 
of  water  at  a  given  temperature,  usually  15°  C,  shaking  until  assured 
of  a  saturated  solution,  then  carefully  transferring  the  liquid  to  a  quick- 
acting  tared  filter  and  then  weighing  the  solid  residue.  In  this  way 
we  learn  the  amount  of  the  solid  which  has  been  dissolved,  and  the 
solubility  of  the  solid  can  be  easily  estimated  on  the  basis  of  the  solu- 
bility of  one  gramme  of  the  solid;  thus,  if  the  experiment  shows  that 
one  gramme  of  salt  dissolves  in  three  grammes  of  water,  then  the 
solubility  is  put  down  as  one  part  in  three  of  water.  This  method, 
however,  is  not  exactly  accurate,  inasmuch  as  during  filtration  a  certain 
amount  of  the  solvent  volatilizes,  therefore  leaving  a  greater  residue 
than  that  actually  soluble.  A  more  accurate  way  is  to  take  a  given 
quantity  of  the  solution,  evaporate  same  to  dryness,  and  from  this 
estimate  the  solubility  of  the  solid.  In  the  latter  case,  however,  the 
contraction  of  a  solid  in  the  solvent  must  be  known,  and  this  factor 
used  in  the  estimation  of  the  solubility.  For  simple  pharmaceutic 
purposes  a  rough  estimate  of  the  solubility  can  be  easily  obtained  by 
adding  the  substance  to  the  liquid  until  no  more  is  taken  up.  Thus  if 
to  100  Cc.  of  water  at  normal  temperature  a  solid  is  added  in  5-gramme 
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lots,  the  solubility  of  the  salt  can  be  estimated  within  5  per  cent.,  and 
to  attain  absolutely  accurate  results  it  is  only  necessary  to  repeat  the 
experiment  by  dissolving  in  the  water  the  amount  of  salt  within  5 
grammes  of  supersaturation,  and  then  add  the  rest  of  the  salt  in  half- 
gramme  lots  until  no  more  is  taken  up. 

For  very  accurate  estimation  of  solubility  recourse  is  had  to  the 
lysimeter  of  Dr.  Rice,  while  an  absolutely  accurate  method  of  the 
solubility  of  alkaloids  by  use  of  volumetric  solutions  has  been  suggested 
by  Hatcher  ("Amer.  Jour.  Pharm.,"  1902,  p.  134).  Attention  has 
been  called  to  the  fact  that  in  order  to  avoid  supersaturation  in  esti- 
mating solubility  the  mixture  of  the  solid  and  its  solvent  should  be 
thoroughly  agitated  by  means  of  a  mechanical  stirrer  during  the  proc- 
ess of  solution. 

Gaseous  Solution. — While  physically  a  solution  of  a  gas  in  a 
liquid  differs  but  slightly  from  the  solution  of  either  a  solid  or  a  liquid, 
the  mode  of  preparing  a  gaseous  solution  differs  sufficiently  from  the 


Fig.  115. — Apparatus  for  drying  gases. 


Fig.  116. — Gaseous  solution. 


solution  of  either  a  solid  or  a  liquid  to  justify  a  special  heading.  In 
effecting  the  solution  of  a  gas  in  water  when  the  gas  is  freshly  generated 
or  supplied  from  a  storage  tank  (in  which  form  liquid  carbon  dioxide 
is  used  largely  for  charging  soda  fountains) ,  it  is  first  washed  by  passing 
through  water  and  then  conducting  it  through  a  tube  reaching  almost 
to  the  bottom  of  the  container  holding  the  liquid,  and  to  insure  solution 
it  is  best  that  the  container  be  long  and  narrow.  When  the  soluble 
gas  is  run  into  the  liquid,  it  is  noted  at  first  that  the  large  bubbles 
emerging  from  the  end  of  the  tube  are  absorbed  before  they  reach  the 
top  of  the  liquid ;  as  the  solution  becomes  more  and  more  saturated  it  is 
found  that  the  bubbles  are  less  dissolved,  until  finally  it  can  be  noted 
that  the  size  of  the  bubbles  on  emerging' from  the  top  of  the  liquid  is 
about  the  same  as  v;hen  emerging  from  the  end  of  the  tube.  When 
this  stage  is  reached,  it  is  always  advisable  to  remove  the  container 
with  the  liquid  and  shake  vigorously,  again  pass  gas  through,  and  if 
it  is  found  by  this  means  that  no  more  gas  is  being  dissolved,  the  opera- 
tion is  complete. 
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A  simple  test  of  saturation  of  a  liquid  with  a  gas  is  by  observing 
the  behavior  of  the  solution  after  agitation.  Place  the  hand  over  the 
mouth  of  the  container,  and  if,  after  each  agitation  and  attempted 
removal  of  the  hand  from  the  mouth  of  the  bottle,  a  suction  is  felt,  it 
is  a  strong  evidence  that  the  solution  is  not  saturated.  If,  on  remov- 
ing the  hand,  a  pressure  of  the  escaping  gas  is  observed,  it  is  rather  a 
fair  indication  of  complete  saturation. 

In  some  cases,  before  making  a  solution  of  the  gas,  it  is  essential 
that  same  be  dried,  that  is,  freed  from  water  vapor,  in  which  case,  instead 
of  running  such  gas  through  water,  it  is  passed  through  concentrated 
sulphuric  acid,  calcium  chloride,  or  other  substance  having  great 
affinity  for  water,  contained  in  appropriate  flasks  (Fig.  115).  There 
are  some  gases  which  cannot  be  dried  with  calcium  chloride  nor  sul- 
phuric acid,  such,  for  example,  as  ammonia  gas,  and  in  such  cases  the 
gas  can  be  fairly  well  dried  by  passing  it  through  a  bottle  containing 
absorbent  cotton.  An  illustration  showing  gaseous  solution  is  appended 
(Fig.  116). 

LOTION 

Lotion  is  derived  from  the  Latin  "lotio"  (to  wash),  and  means  the 
removal  of  soluble  impurities  from  insoluble  substances  by  washing 
same  with  water  or  other  appropriate  liquid.  Thus,  in  the  last  stage 
of  purifying  precipitated  calcium  carbonate,  the  precipitate  contained 
on  the  filter  is  washed  with  water,  while  in  making  washed  sulphur 
the  sublimed  sulphur  is  washed  with  a  mixture  of  water  and  ammonia 
water. 

Apparatus  used  in  lotion  consists  of  funnel  with  a  filter-paper,  or 
straining  rack  containing  an  appropriate  strainer.  (See  Colation.) 
On  this  filter  or  strainer  is  thrown  the 
substance  mixed  with  the  wash  liquid, 
the  latter,  of  course,  passing  through  the 
strainer,  the  meshes  of  which  hold  back 
the  insoluble  matter.     Upon  the  precipi- 


Fig.  117.— Spritz  bottle. 


Fig.  118. — Continuous  washing. 


tate  contained  on  the  strainer,  water  or  other  wash  liquid  is  poured 
until  all  of  the  soluble  impurities  have  been  removed,  as  can  be  ascer- 
tained by  appropriate  tests. 
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When  only  a  small  quantity  of  washing  is  required,  the  liquid  is 
spurted  upon  the  filter  from  a  Spritz  bottle,  which  consists  of  an  ordinary 
pint  chemical  flask  provided  with  a  two-holed  rubber  stopper,  through 
one  hole  of  which  passes  a  glass  tube  extending  almost  to  the  bottom 
of  the  flask,  and  above  the  cork  bent  at  an  acute  angle  and  with  the 
outside  end  drawn  to  a  tapering  point.  Through  the  other  hole  is  passed 
a  shorter  piece  of  glass  tubing  bent  at  an  angle  of  120-140  degrees. 
The  water  is  removed  from  the  Spritz  bottle  by  blowing  through  the 
shorter  piece  of  glass  tube,  when  the  increased  pressure  of  air  inside  the 
flask  will  cause  the  liquid  to  pass  through  the  longer  glass  tube,  and 
emerge  from  the  tapering  end  in  a  stream.  If  this  stream  be  directed 
to  the  precipitate  on  the  filter,  the  latter  can  be  thoroughly  and  easily 
washed  (Fig.  117). 

Where  large  quantities  of  a  liquid  are  needed  for  washing,  it  is  a 
simple  matter  to  devise  a  continuous  process  of  washing,  as  shown  in 
appended  cut  (Fig.  118),  in  which  it  will  be  seen  that  a  flask  filled  with 
water  is  inverted  into  the  funnel  containing  the  precipitate  on  the 
filter,  upon  which  the  liquid  rushes  until  it  reaches  the  mouth  of  the 
flask,  when  the  flow  ceases,  owing  to  the  inability  of  the  air  to  pass 
into  the  flask.  As  the  liquid  of  the  funnel  filters,  its  surface  becomes 
lower  than  the  mouth  of  the  flask,  thus  permitting  the  entrance  of 
air,  causing  a  flow  of  the  washed  liquid  from  the  flask  until  its  mouth 
is  again  closed  by  the  liquid  in  the  funnel,  and  this  continues  until 
the  flask  is  emptied,  and  that  without  danger  of  the  liquid  running 
over  the  edge  of  the  funnel.  Such  simple  apparatus  is  of  great  value 
in  continuous  filtration,  in  which  case  it  is  a  simple  matter  to  filter 
gallons  of  a  liquid  through  a  half-gallon  funnel. 

DECANTATION 

In  some  cases  it  is  more  convenient  to  wash  a  precipitate  by  placing 
it  in  an  appropriate  glass  vessel,  such  as  a  beaker  or  a  flask,  mixing  thor- 
oughly with  a  wash  liquid,  and  allowing  it  to  stand  until  the  precipitate 
has  completely  subsided,  and  then  removing  the  liquid  by  decantation; 
that  is,  by  gently  lifting  the  container  and  gradually  tilting  same  until 
the  major  part  of  the  liquid  has  been  removed  from  the  precipitate. 
It  is  manifestly  impossible  by  this  means  to  thoroughly  remove  all  the 
liquid,  as  no  matter  how  carefully  decantation  is  continued,  certain 
portions  of  the  precipitate  will  be  disturbed  and  flow  out  with  the 
decanted  liquid  which,  therefore,  should  be  passed  through  a  filter  to 
collect  the  escaping  precipitate.  Repeated  decantation,  however, 
will  enable  us  to  thoroughly  remove  soluble  matter  from  the  precipitate. 
Thus,  a  precipitate  contains  100  grammes  soluble  impurities:  by  treating 
with  1000  Cc.  water,  the  100  grammes  soluble  matter  will  dissolve. 
By  decanting  this,  it  is  possible  to  remove  900  Cc.  of  the  liquid  without 
seriously  disturbing  the  precipitate,  and  in  900  Cc.  90  Gm.  of  soluble 
impurities  will  be  contained.  To  the  remaining  liquid  and  the  precipi- 
tate another  1000  Cc.  water  is  added,  the  product  thoroughly  mixed, 
and  the  precipitate  allowed  to  settle.  '  When  900  Cc.  of  this  second 
liquid  are  removed,  it  means  that  of  the  10  Gm.  soluble  substance 
remaining,  9  Gm.  will  have  been  removed,  leaving  with  the  pre- 
cipitate but  one  gramme  of  the  original  100.     The  operation  repeated, 
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the  900  Cc.  of  the  decanted  liquid  will  remove  0.9  of  the  remaining 
gramme  of  the  soluble  impurity,  and  thus,  after  three  such  washings, 
but  one  one-thousandth  of  the  original  impurity  remains. 

Ordinarily,  however,  such  thorough  washing  by  decantation  is  not 
carried  on,  as  it  means  the  use  of  too  much  water. 


Fig.  119. — Decantation  from  beaker.        Fig.  120. — Decantation  from  precipitating  jar. 


Apparatus  for  decantation  is  the  container  mentioned  above, 
consisting  either  of  a  pint  flask  or  a  beaker,  provided  with  a  pour-out 
or  lip. 

To  facilitate  the  removal  of  the  decanted 
liquid,  a  glass  guiding  rod  is  used,  such  as  was 
described  on  p.  91.  The  method  of  applica- 
tion is  best  shown  by  appended  cuts  (Figs. 
119  and  120).  To  avoid  the  possibility  of  any 
of  the  liquid  being  drawn  over  to  the  outside 
of  the  beaker  by  the  capillarity  of  the  glass,  the 
edge  of  the  beaker  should  be  smeared  with  tracea 
of  some  fat.  The  guiding  rod  is  of  great  value 
in  quantitative  analysis,  in  which  case  every 
particle  of  the  precipitate  must  be  finally  re- 
moved from  the  beaker  and  weighed.  This  is 
accomplished  by  slipping  a  small  piece  of  rubber 
tubing  over  the  end  of  the  guiding  rod  and  rub- 
bing the  sides  of  the  beaker  with  same.  Such 
rubber-tipped  guiding  rod  is  technically  called 
a  "policeman." 

Where  large  quantities  of  liquid  are  to  be 
decanted,  recourse  is  had  to  the  syphon,  which  consists  of  a  bent  tube, 
one  arm  of  which  is  longer  than  the  other.  The  shorter  arm  is  placed 
in  the  liquid  to  be  removed,  and  at  the  other  end  of  the  tube  suction  is, 
applied  (Fig.  121). 


Fig.  121. — Syphoning. 
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We  take  a  syphon,  immerse  the  short  arm  in  water,  and  suck  at  the 
orifice  of  the  longer  arm.  This  has  the  effect  of  producing  a  partial 
vacuum  in  the  tube — a  pressure  of  air  therein  much  less  than  the 
pressure  of  the  atmosphere  exerted  upon  the  surface  of  the  liquid  in 
which  the  short  arm  is  plunged.  The  result  is  that  the  superior  pressure 
of  the  atmosphere  forces  the  water  into  the  syphon  through  the  short 
arm,  around  the  bend,  into  the  long  arm — this  result,  of  course,  being 
simultaneous  with  the  suction  applied  at  the  end  of  the  long  arm. 
Entering  the  long  arm,  the  liquid  is  subjected  to  the  earth's  gravitating 
force  and  falls  downward.  As  each  drop  emerges  from  the  syphon^ 
were  nothing  to  take  the  place  occupied  by  that  drop,  a  partial  vacuum 
in  the  syphon  tube  would  occur.  Equilibrium — an  exact  balance 
between  two  parts  of  a  machine  or  system — is  the  rule  of  nature,  hence 
difference  in  pressure  in  the  long  and  short  arms  of  the  syphon  is  not 
permitted,  and  the  instant  a  partial  vacuum  is  produced  in  the  long 
arm,  the  water  in  the  short  arm  and  in  the  vessel  into  which  the  syphon 
dips,  impelled  by  an  atmospheric  pressure,  passes  over  to  occupy  the 
void. 

Just  as  rapidly  as  water  emerges  from  the  long  arm,  even  so  rapidly 
does  water  pass  over  from  the  short  arm  to  take  its  place,  and  this 
condition  continues  so  long  as  the  short  arm  dips  in  water  and  the  level 
of  this  water  is  higher  than  the  level  of  the  water  that  issues  from  the 
long  arm. 

COLATION 

Colation  is  the  technical  name  for  the  simple  process  of  straining, 
by  which  term  is  meant  the  removal  of  coarse  particles  from  a  liquid 
by  passing  through  a  fabric  the  meshes  of  which  are  comparatively 
coarse.  Thus,  the  domestic  utensil,  the  colander,  is  useful  in  eolation. 
In  the  same  way  a  sieve  can  be  used  for  the  purpose  of  straining  a 
liquid,  but  ordinarily  the  fabric  through  which  the  substance  is  passed 
is  of  some  form  of  cloth.  Among  the  various  cloths  used  for  straining 
are  felt,  flannel,  muslin,  and  cheese-cloth. 

Felt  strainers  (Fig.  122)  are  usually  of  conic  form  and  yield  a  liq- 
uid as  clear  as  if  filtered.     Equally  useful  is  a  strainer  made  of  flannel 

(Fig.   123),    and   these   are  generally  sewed  to-  

gether  in  the  same  conic  form  as  the  felt  strainer, 
while  the  muslin  and  cheese-cloth  strainers  are 
simply  pieces  of  these  fabrics  fastened  to  a  frame 
(Fig.  124).  The  latter  consists  of  four  pieces  of 
wood,  joined  and  studded  with  projecting  nails, 
on  which  can  be  fastened  the  straining  cloth. 
The  latter  should  fit  tightly  to  the  frame  with- 
out edges  projecting,  as  in  the  latter  case  each 
filament  of  the  cloth  acts  as  a  syphon  and  part 
of  the  liquid  runs  over  the  sides  of  the  strainer 
to  the  container  in  a  way  that  scarcely  betokens  Fig.  122.— Felt  strainer, 
pharmaceutic  elegance. 

In  many  cases  of  straining  the  operation  has  been  aided  by  what 
has  been  termed  ''forcible  straining,"  which  means  removing  the 
straining  cloth  from  the  frame,  gathering  between  the  hands  by  a 
twisting  movement   the  strainer  and   the  residue  thereon,  and  then 
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expressing  (p.  153).     Straining  is  an  imperfect  operation,  inasmuch  as 
the  strained  liquid  is  rarely  as  clear  as  the  careful  pharmacist  desires 


Fig.  123. — Leg-of-mutton  strainer.  Fig.  124. — Strainer  on  frame. 

to  dispense;  hence,  in  most  pharmaceutic  operations  filtration  is  far 
preferable. 

FILTRATION 

Filtration  is  a  nearly  perfect  variety  of  straining;  in  both  processes 
the  operation  of  clearing  the  liquid  being  purely  mechanical.  As  an 
illustration  bringing  this  forcibly  to  mind,  let  us  imagine  we  have  a 
ditch  of  dirty  water  in  which  are  pieces  of  wood  (large  and  small), 
waste  paper,  and  suspended  mud.  The  ditch  narrows  to  an  under- 
ground drain,  and,  in  order  that  the  drain  does  not  become  clogged  up, 
a  grating  is  placed  at  its  entrance.  This  grating  is  perhaps  only  six 
or  seven  iron  bars,  but  as  the  water  passes  by  them,  some  of  the  wood 
and  paper,  not  able  to  pass  through  the  spaces,  remains  on  the  grating. 
Suppose  we  take  that  water  which  has  passed  through  the  grating  into 
the  drain-pipe  and  examine  it.  It  will  be  found  as  dirty  as  before,  save 
that  the  larger  chips  and  the  masses  of  paper  are  removed.  It  contains 
bits  of  straw,  slivers  of  wood,  and  fragments  of  paper  pulp  that  were 
small  enough  to  pass  through  the  grating.  This  unsightly  mixture 
we  pour  on  a  strainer  of  cheese-cloth.  The  meshes  in  this  are  much 
smaller,  of  course,  than  the  spaces  in  the  grating,  and  the  liquid  emerges 
from  the  strainer  much  clearer,  the  strainer  having  kept  back  straw, 
wood-fiber,  and  paper  pulp,  along  with  considerable  of  the  muddy 
sediment.  However,  it  is  still  far  from  clear;  the  suspended  mud  in 
very  finely  divided  form  having  passed  through  the  meshes  of  the  cheese- 
cloth, which  were  not  quite  small  enough  to  retain  the  minute  particles. 
So  we  take  the  cloudy  liquid  and  pass.it  through  filtering-paper,  the 
meshes  (the  pores)  of  which  are  so  small  as  hardly  to  be  seen  with  the 
naked  eye.  This  process  usually  completes  the  work  of  removing 
the  undissolved  particles,  the  liquid  emerging  from  the  filter  perfectly 
clear. 

Let  it  here  be  said  that  modern  sanitary  engineering  has  shown 
that  filtration  of  water  through  long  layers  of  sand  removes  not  only 
visible  dirt,  but  can,  if  properly  carried  out,  remove  bacteria  of  disease. 
Notable  among  such  efforts  are  the  water-works  systems  of  Altona, 
Germany,  and  Lawrence,  Massachusetts. 

The  substance  which  removes  the  impurities  is  called  the  filtering 
medium,  and  the  clear  liquid,  the  filtrate. 

Apparatus  used  in  filtration  consist  of  the  bottle  or  other  container 
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into  which  the  filtrate  drops  and  the  container  holding  the  filtering 
medium.  The  latter  in  small  operations  consists  usually  of  a  funnel, 
while  in  large  processes  of  filtration  it  consists  of  earthenware  crocks, 
or  tanks  of  iron,  wood,  or  masonry.  The  latter  being  beyond  the 
province  of  this  work,  reference  will  be  had  solely  to  funnels. 


Fig.  125. — Plain  funnel. 


Fig.  126.— Ribbed  funnel. 


Funnels  consist  of  conic  vessels  of  glass,  porcelain,  or  metal, 
although  the  latter  should  be  carefully  avoided  in  delicate  pharma- 
ceutic operations.  To  secure  the  best  success  from  a  funnel,  it  is 
necessary  that  the  cone  shall  be  at  an  equilateral  triangle,  as  otherwise 
a  folded  filter-paper  will  not  accurately  fit  same.  Of  the  many  varieties 
of  funnels  suggested  for  pharmacists'  use,  reference  can  be  had  here 
merely  to  a  few  types.  It  has  been  the  writer's 
experience  that  just  as  good  results  are  obtained 
by  using  a  plain  glass  funnel  (Fig.  125)  as  can 
be  secured  with  more  elaborate  varieties,  the 
main  point  in  successful  filtration  being  the 
correct  folding  of  the  filter-paper.  A  very 
popular  form  of  funnel  is  the  one  with  the 
ribbed  interior,  to  permit  the  passing  down  of 
the  filtered  liquid  (Fig.  126).  This,  however, 
can  be  accomplished  just  as  well  by  the  plaits 
of  a  carefully  folded  filter. 

The  same  funnel  is  provided  with  a  groove 
on  the  under  side  of  the  neck  of  the  funnel  to 
permit  the  exit  of  air  from  the  bottle  into  which 
the  liquid  is  filtered.  It  is  better  pharmacy, 
however,  not  to  place  the  funnel  directly  in  the 
neck  of  the  receiving  bottle,  but  to  support  it 
on  a  ring  of  the  retort  stand  (Fig.  127). 

If  circumstances  are  such  that  the  funnel  must  be  placed  in  the 
neck  of  the  bottle,  some  provision  for  access  of  air  must  be  made,  and 
this  is  done  by  interposing  between  the  neck  of  the  funnel  and  that  of 
the  receiving  bottle  a  piece  of  cord ;  otherwise  the  air  within  the  bottle 
becomes  compressed  as  the  liquid  passes  into  the  bottle  until  either  the 
liquid  ceases  to  filter  through  or  the  air,  in  forcing  its  way  out,  pushes 


Fig.  127.— Correct  filtra- 
tion: a,  Funnel;  b,  filtering 
stand;  c,  receiving  bottle. 
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with  it  a  certain  quantity  of  the  filtered  liquid  to  the  outside  of  the 
receiving  flasks,  producing  an  untidy  operation. 

This  is  particularly  the  case  if  the  neck  of  the  funnel  is  either  too 
large  or  too  short.  It  should  enter  completely  the  neck  of  the  bottle 
and  pass  within  the  wider  portion  of  same. 

The  filtering  medium  consists  of  paper,  cotton,  asbestos,  sand, 
or  stone,  the  first  two  being  generally  used  in  retail  pharmacy. 

Paper  filters  consist  of  sheets  of  unsized  paper,  which,  when  properly 
folded,  form  a  conic  bag  on  which  the  liquid  to  be  filtered  is  poured. 
In  commerce  we  find  two  varieties  of  such  filter-paper,  one  being  gray 
and  the  other  white.  The  latter  is  more  expensive  than  the  gray,  but 
should  always  be  used,  as  the  gray  is  made  from  common  unsterilized 
rags,  and  is  loaded  with  bacteria,  whose  least  deleterious  work  is  ren- 
dering the  filtered  liquid  prone  to  fermentation  or  other  decomposition. 

The  filter-paper  can  be  folded  in  two  ways  (usually  termed  plain 
and  plaited  filters),  and  each  has  its  peculiar  use,  plain  filters  being 
indicated  when  the  precipitate  is  desired,  and  plaited  filters  when  the 
filtrate  is  sought  for. 

In  making  a  plain  filter,  the  paper  is  folded  but  twice,  in  each  case 
the  sheet  being  divided  exactly  in  half.  The  result  is  a  perfect  cone, 
with  one  thickness  of  paper  on  one  side  and  three  thicknesses  on  the 
other,  which  naturally  produces  unequal  filtration.  In  order  to  equalize, 
we  very  frequently  use  two  such  plain  filters,  so  alternating  that  both 
sides  will  be  four  layers  of  the  filter-paper.  At  its  best  a  plain  filter 
does  not  remove  the  liquid  with  rapidity  because  the  paper  lies  flat 
against  the  surface  of  the  funnel,  and  the  only  place  through  which  the 
filtrate  can  readily  pass  is  at  the  point  which  lies  exposed  at  the  neck 
of  the  funnel.     Therefore,  for  rapid  filtration,  a  plaited  filter  is  best. 

In  the  plaited  filter  the  paper  is  so  folded  as  to  make  a  cone  of  equal 
thicknesses  on  all  sides,  and  is  also  provided  with  canals  through  which 
the  filtrate  can  run.  The  plaiting  of  a  filter  is  a  matter  of  considerable 
skill,  and  there  is  but  one  correct  way  to  fold  a  successful  filter.  To 
thoroughly  understand  the  method  it  is  necessary  to  accompany  the 
explanation  by  illustrations  (Figs.  128  and  129).  The  circular  piece 
is  folded  exactly  in  the  center  (a).  This  semicircle  is  again  folded  in 
its  center  (b).  The  semicircle  is  then  opened  and  half  of  the  semicircle 
is  folded  upon  the  central  crease  (c) .  This  gives  one-fourth  of  the  circle 
divided  into  eighths,  and  these  eighths  are  now  folded  into  sixteenths 
(d),  each  fold  being  against  the  upper  surface  of  the  filter-paper. 

Attention  is  then  paid  to  the  other  fourth  of  the  circle,  it  being 
folded  exactly  as  was  the  first  fourth,  and  as  a  result  it  being  folded  into 
sixteenths  as  shown  in  (e).  These  sixteenths  are  then  divided  into 
thirty-seconds  by  folding  each  back  on  itself,  and  when  finished  the 
unopened  filter  should  present  the  appearance  of  (/),  that  is,  a  series  of 
perfectly  symmetric  plaits,  only  two  of  which  will  rest  against  the 
edge  of  the  funnel,  and  these  can  be  removed  by  folding  same  into  sixty- 
fourths,  as  (g).  The  observance  of  the  following  details  will  contribute 
to  attaining  the  ideal  in  filtration: 

First,  the  folds  of  the  filter  should  not  be  permitted  to  extend  to 
the  point  of  the  filter,  but  in  plaiting  the  filter  the  crease  should  be 
made  from  the  point  toward  the  edge,  a  finger  being  kept  on  the 
point  to  prevent  the  creasing  of  same.     The  necessity  of  sparing  the 
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point  can  be  understood  when  it  is  appreciated  that  every  crease 
in  the  piece  of  paper  contributes  to  the  weakening  of  same,  and, 
therefore,  the  passing  of  sixteen  creases  across  the  central  point 
forming  the  tip  of  the  filter  is  apt  to  so  weaken  it  that  it  will  break 
as  soon  as  the  liquid  will  be  poured  upon  it,  the  greatest  pressure  of 
the  liquid  being  exerted  on  the  filter  tip. 

Second,  the  filter  should  be  moistened  before  filtering.  This 
opens  the  pores  of  the  filter,  rendering  easier  the  passage  of  the  liquid 
through  the  filter.  It  is  needless  to  say  that  the  filter  should  be 
moistened  with  the  liquid  which  is  the  solvent  for  the  drug  intended 
to  be  filtered.  Thus,  to  moisten  with  water  a  filter  through  which 
it  is  intended  to  pass  essence  of  ginger,  would  be  doing  much  more 
harm  than  good.  The  moistening  of  such  a  filter  should  be  done  with 
alcohol. 


Figs.  128  and  129. — Folding  plaited  filter  (see  text). 

Third,  when  the  filter  is  moistened,  it  is  advisable  to  push  the  tip 
of  the  filter  fairly  well  down  into  the  neck  of  the  funnel.  This  serves 
to  strengthen  the  filter  tip. 

Fourth,  in  pouring  the  liquid  on  the  filter,  avoid  throwing  it 
directly  on  the  tip,  but  gradually  pour  it  upon  one  side  of  the  filter, 
as  otherwise  the  force  of  the  fall  is  apt  to  rupture  the  paper. 

Ft/^^,  the  paper  should  not  project  above  the  funnel.  It  is  a  human 
failing  to  fill  the  filter  as  completely  as  possible,  and  in  case  the  paper 
projects  over  the  side  of  the  funnel,  the  actual  level  of  the  liquid  may 
be  above  the  top  of  the  funnel,  and  a  rupture  of  the  paper  brings 
disastrous  results.  The  chief  reason,  however,  for  this  rule  is  that 
the  projecting  paper  affords  considerable  surface  exposed  to  the  air, 
thereby  producing  spontaneous  evaporation,  with  accompanying  loss 
of  the  liquid.  This  is  particularly  the  case  when  the  liquid  to  be 
filtered  is  volatile. 

A  convenient  application  of  paper  as  a  filtering  medium  is  seen 
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in  the    Wetmore   filter,    whicii   can   be  used  either  by  pressure  or 
syphoning. 

Cotton  Filter. — In  many  cases  of  simple  filtration  all  that  is 
necessary  to  remove  the  insoluble  matter  is  the  passing  of  the  liquid 
through  a  pledget  of  cotton  placed  in  the  neck  of  the  funnel.  This 
method  of  filtration  is  one  which  should  be  practised  more  frequently 
behind  the  prescription  counter  than  is  usually  the  case.  Every 
prescription  calling  for  a  solution  should  be  dispensed  absolutely 
clear,  and  to  insure  this  the  finished  solution  should  be  filtered  through 
cotton  before  dispensing.  If  three  or  four  funnels  of  various  sizes 
be  kept  within  reach  and  a  package  of  absorbent  cotton  be  kept  in 
the  drawer  of  a  prescription  case,  such  filtration  is  exceedingly  simple, 
the  custom  of  the  writer  being  to  filter  directly  into  the  bottle  in  which 
the  prescription  is  dispensed. 

Asbestos  Filter. — Instead  of  a  plug  of  cotton,  a  similar  plug  of 
purified  woolly  asbestos  inserted  in  the  neck  of  the  funnel  affords  an 
admirable  method  for  the  filtering  of  strong  acid,  or  alkaline  liquids, 
which  would  destroy  filter-paper  or  cotton.  ISudi  asbestos  wool  can 
now  be  easily  obtained  at  moderate  cost,  and  should  share  a  place 
in  the  drawer  in  which  the  absorbent  cotton  is  kept.  By  means  of 
the  asbestos  it  is  a  very  simple  matter  to  filter  a  solution  of  soda  or 
solution  of  potassa. 

Sand-  and  stone-filters  are  used  in  large  operations  only,  such  as 
filtering  drinking-water.  The  sand-filter  usually  consists  of  a  vat 
in  which  are  placed  alternate  layers  of  sand,  charcoal,  and  gravel, 

usually  to  a  depth  of  two  or  three  feet. 
Upon  this  the  water  is  thrown  and  per- 
colates through  to  the  bottom,  and  is 
drawn  off  by  means  of  a  faucet. 

Many  patent  varieties  of  stone-filters 
are  in  the  market,  they  consisting  of 
porous  stones  cut  into  shapes  suitable 
for  the  container,  and  through  which  the 
liquid  passes.  A  very  convenient  and 
small  modification  of  the  stone-filter  is 
the  porous  flask  (Fig.  130),  which  is 
attached  to  a  syphon  and  placed  in  a 
vessel  containing  the  liquid  desired  to 
be  filtered.  The  play  of  the  syphon 
once  established,  the  liquid  passes  from 
the  original  container  through  the  porous  flask,  and  emerges  from 
the  syphon  completely  filtered. 

Volatile  Filtration. — In  case  the  liquid  to  be  filtered  is  volatile, 
precautions  must  be  taken  to  prevent  undue  evaporation.  This  is 
usually  accomplished  by  placing  the  filter-paper  in  a  funnel  con- 
siderably larger  than  itself,  covering  the  funnel  with  a  sheet  of  rubber 
or  plate  of  glass,  while  the  neck  of  the  funnel  fits  into  a  cork  stopping 
the  neck  of  the  receiving  bottle.  In  order  to  permit  exit  of  air  from 
the  receiving  bottle  and  ingress  of  air  into  the  top  of  the  funnel,  these 
two  may  be  connected  with  a  rubber  or  glass  tube  in  the  same  way 
as  explained  under  Volatile  Percolation  (p.  260). 

Hot  Filtration. — Some  liquids  can  be  filtered  only  when   quite 


Fig.  130. — Porous  flask  filter 
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hot,  and  with  certain  easily  fusible  solids  the  best  method  of  purifica- 
tion is  by  filtering  same  in  the  molten  state;  such,  for  example,  is  the 
case  with  wax.     In  all  such  cases  the  funnel  containing  the  filtering 


Fig.  131.— Hot  filtration  bath. 

liquid  must  be  kept  warm,  and  for  such  purposes  various  forms  of 
hot  filtration  apparatus  have  been  devised  (Fig.  131).  These  usually 
consist  of  water-baths  with  the  conic  holes  in  which  the  funnel  will 


P 


Fig.  132. — Funnel  for  hot  filtration:  g,  Glass  funnel;  t,  tin    funnel;    w,  water;    c,  cork 

(Hatcher  and  SoUmann). 

fit.  A  cheap  and  practical  form  of  such  hot  filtration  apparatus, 
devised  by  Dr.  R.  A.  Hatcher,  consists  of  a  tinned  iron  funnel  with 
its  neck  closed  by  a  perforated  cork,  through  which  passes  the  neck 
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of  a  glass  funnel.  In  the  space  between  the  inner  wall  of  the  metallic 
funnel  and  the  outer  wall  of  the  glass  funnel  water  is  placed  and 
kept  warm  by  means  of  a  Bunsen  burner  (Fig.  132). 

Rapid  Filtration. — In  many  cases  of  ordinary  processes  of  filtration 
the  liquid  filters  through  so  slowly  that  some  means  to  increase  the 
flow  are  necessary.  This  is  usually  accomplished  by  fitting  the 
receiving  bottle  with  a  two-holed  rubber  cork,  through  one  perforation 
of  which  the  neck  of  the  funnel  passes,  while  the  other  is  fitted  with  a 
bent  glass  tube  connected  with   an  apparatus  which  will  rarefy  the 


Fig.  133.— Rapid  filtration. 

air  within  the  receiving  bottle  (Fig.  133).  >  A  special  form  of  receiving 
bottle  is  obtainable  in  which  the  air  is  drawn  off  by  a  tube  connected 
from  the  side  of  the  bottle  (Fig.  134).  In  such  cases  the  pressure  of 
the  atmosphere  acting  on  the  surface  of  the  liquid  in  the  filter  is 
greater  than  the  pressure  within  the  receiving  bottle,  and  hence  forces 
the  liquid  through  the  bowl  of  the  filter  into  the  receiving  bottle, 
and  that  frequently  with  slich  great  force  as  to  rupture  the  filter-paper 
unless  some  means  are  taken  for  its  protection.  This  is  usually  accom- 
plished in  filtering  liquids  in  quantitative  chemistry  by  fortifying  the 


Fig.  134.— Filtering  flask. 


Fig.  135. — Gooch  crucibles. 


tip  of  the  filter-paper  with  a  cone  of  perforated  platinum.  Such  quan- 
titative precipitates,  however,  can  best  be  separated  from  the  liquids 
in  rapid  filtration  by  use  of  the  Gooch  crucible  filter  (Fig.  135),  which 
consists  of  a  porcelain  crucible  provided  with  a  perforated  bottom  in 
which  is  inserted  a  plug  of  asbestos,  and  this,  by  means  of  the  large 
rubber  tubing,  fitted  to  the  smaller  funnel  connected  with  filtering 
flask  (Fig.  136). 

The  rarefication  of  the  air  within  J;he  flask  can  be  accomplished 
with  the  water-pump  pictured  on  p.  9^  or,  in  its  absence,  sufficient 
air  can  be  removed  by  the  simple  expedient  of  syphon  suction. 
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The  apparatus  consists  of  two  one-gallon  jugs,  each  fitted  with 
two-holed  corks.  Through  the  orifices  of  each  cork  passes  bent 
glass  tubing,  one  extending  to  the  bottom  of  the  jug,  the  other  only 
a  few  inches  below  the  under  side  of  the  cork.  In  the  operation  one 
jug  is  filled  with  water,  placed  on  a  table,  and  connected  with  the 
other  jug  placed  on  the  floor  by  rubber  tubing  attached  to  the  long 


Fig.  136. — Gooch  crucible  in  filtering  flask. 


Fig.  137. — Syphon  filtration. 


glass  tube  of  each  jug.  The  small  glass  tube  of  the  upper  jug  is  fitted 
by  thick  rubber  tubing  to  the  end  of  the  aspirator,  and  the  water 
in  the  jug  is  made  to  syphon  over  into  the  lower  jug,  thus  producing 
a  suction  of  the  upper  jug  and  the  filtering  bottle.  When  all  water 
has  run  into  the  lower  jug,  the  position  of  vessels  is  reversed  and  the 
operation  continued  (Fig.  137). 


CHAPTER    VIII 


CLARMCATION,  DECOLORIZATION,  AND   SEPARATION 
OF  IMMISCIBLE  LIQUIDS 

CLARIFICATION 

Clarification  is  the  process  of  clearing  a  liquid  without  the  aid  of 
filtration.  As  filtration  is  a  simple  and  thorough  operation,  clarifica- 
tion is  substituted  for  it  only  in  cases  where  filtration  is  difficult,  if 
not  impossible,  as  in  the  case  of  mucilaginous  and  other  viscid  liquids 
which  will  not  pass  through  the  pores  of  a  filter.  The  clarification  of 
liquids,  whenever  possible,  is  accomplished  by  means  which  are 
purely   mechanical,   clarification  by  means  of  chemicals  not   being 
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recommended  because  of  danger  of  alteration  of  the  liquid  during  the 
process.  The  apparatus  for  clarification  is  usually  of  the  simplest 
character,  consisting  generally  of  a  vat,  kettle,  or  dish,  and  some  form 
of  strainer  through  which  the  liquids  are  passed  to  remove  it  from  the 
solids.     Clarification  is  accomplished  in  the  following  ways: 

1.  Heating. — In  many  cases  the  liquid  to  be  clarified  is  turbid  by 
reason  of  suspended  or  partially  dissolved  albumin  or  wax.  In  such 
cases  heating  usually  accomplishes  clarification  by  coagulating  the 
albumin  or  by  causing  the  waxy  substance  to  liquefy  and  rise  to  the 
surface.  After  such  cases  of  clarification  the  cool  liquid  is  either 
strained,  or  the  separated  solids  float  on  the  surface  (scum)  and  are 
removed  by  skimming.  An  illustration  of  this  kind  of  clarification 
is  the  process  of  clarifying  honey,  as  given  in  the  pharmacopoeia  of 
1880. 

2.  Increasing  Fluidity. — In  some  cases  suspended  particles  of  dirt, 
grit,  and  straw  make  turbid  a  liquid  which  is  so  viscid  that  these 
particles  can  neither  rise  to  the  surface  of  the  liquid  if  lighter  than 
same,  nor  sink  to  the  bottom  if  heavier.     This  can  be  remedied  by 

^  diluting  the  liquid  with  water  until  sufficiently  limpid  to  permit  sep- 

'  aration  of  the  solid  matter  and  then  evaporating  tne  excess  of  water. 

3.  By  Use  of  Albumin. — The  method  given  above  is  not  always 
satisfactory,  as  frequently  it  is  inconvenient  to  evaporate  the  excess 
of  water,  and,  moreover,  it  is  often  the  case  that  the  particles  do  not 
separate  of  their  own  volition.  The  separation  of  these  particles 
can  be  facilitated  by  thoroughly  mixing  white  of  egg  with  the  liquid 
and  then  heating  the  mixture,  when  the  albumin  coagulates  and 
rises  to  the  surface  of  the  liquid,  carrying  with  it  the  mechanical  im- 
purities, which  are  skimmed  off  along  with  the  solidified  albumin.  By 
this  process  boiled  coffee  is  rendered  clear. 

J 4.  By    Use  of  Milk. — In  the  above  operation  milk  is  sometimes 

substituted  for  albumin,  this  acting  the  same  way  by  reason  of  the 
coagulation  of  the  casein  it  contains. 

5.  Paper  Pulp. — A  similar  mechanical  separation  of  the  particles 
can  be  accomplished  by  tearing  filter-paper  into  shreds,  mixing  it 
thoroughly  with  the  liquid,  and  heating.  When  the  paper  rises  to- 
the  surface  it  carries  with  it  the  suspended  particles,  which  are  removed 
by  skimming.  The  official  method  of  clarifying  honey  combines  the 
use  of  paper  pulp  with  increasing  the  fluidity  of  the  liquid. 

6.  By  Sedimentation. — If  the  particles  rendering  the  liquid  turbid 
are  sufficiently  heavy,  they  will  settle  to  the  bottom  on  the  containing 
vessel,  even  though  the  liquid  is  quite  viscid,  if  sufficient  time  is  given 
to  accomplish  the  separation.  This  slow  method  oi  separation  is 
called  sedimentation,  and  the  insoluble  matter  finally  settling  at  the 
bottom  of  the  vessel  is  called  the  sediment.  The  term  precipitate, 
frequently  applied  to  the  sediment,  is  incorrect,  as  by  precipitate  we 
mean  insoluble  matter  which  has  been  in  solution,  whereas  the  par- 
ticles composing  sediment  have  never  been  dissolved. 

7.  By  Use  of  Gelatin. — Gelatin  is  only  employed  for  clarifying 
liquids  containing  tannin,  the  action  in  this  case  being  chemical,  and 
not  mechanical.  Gelatin  forms  with  tannin  an  insoluble  combination,, 
similar  to  leather. 

8.  By  Fermentation. — This  is  a  method  of  clarification,  the  appli- 


CLARIFICATION,   DECOLORIZATION,   AND   SEPARATION   OF   LIQUIDS     137 

cation  of  which  is  limited  to  the  preparation  of  fruit-juices  used  at 
soda  'fountains.  The  preparation  of  these  is  a  very  simple  matter. 
Fruit  is  crushed  either  by  pounding  in  a  tub  or  by  means  of  a  fruit- 
crusher  or  grater,  and  the  pulp  allowed  to  stand  in  a  comparatively 
warm  place  for  twenty-four  hours.  Partial  fermentation  is  begun, 
and  the  slight  change  in  the  chemical  character  effects  a  separation  of 
the  clear  juice  from  the  pulp  and  albuminous  matter,  permitting  the 
easy  separation  of  the  juice  from  the  insoluble  matter  by  straining, 
and  the  strained  juice  is  then  placed  in  bottles,  corked,  and  sterilized 
by  submitting  to  the  action  of  boiling  water  for  half  an  hour  or  more, 
or,  if  preferred,  the  sterilization  can  be  omitted  and  the  fruit  preserved 
by  the  addition  of  alcohol.  Some  of  the  commercial  juices  are  pre- 
served by  the  addition  of  salicylic  and  other  preserving  agents,  but 
in  most  States  the  addition  of  these  preserving  agents  is  prohibited 
by  legislative  action. 

DECOLORIZATION 

Decolorization  is  the  process  of  removing  color  from  a  substance, 
and  is  usually  accomplished  by  macerating  the  solution  with  animal 
charcoal  for  several  days  and  then  filtering.  Animal  charcoal  is  the 
only  convenient  substance  possessing  this  decolorizing  property,  due 
to  the  powers  of  absorption  it  possesses.  This  absorbing  ability 
is  not  limited  to  coloring-matter,  but  also  to  glucosides,  alkaloids, 
and  bitter  principles,  hence  in  decolorizing  decoctions  of  the  drugs 
containing  the  latter  substances  by  animal  charcoal  they  suffer  some 
loss  in  active  principles. 

SEPARATION  OF  IMMISCIBLE  LIQUIDS 

By  immiscible  liquids  we  mean  two  liquids  which  do  not  dissolve 
in  each  other,  for  example,  water  and  oil,  and  in  cases  where  these 
two  are  brought  together,  it  is  very  frequently  useful  to  have  a  means 
of  separating  them  readily.  This  separation  is  accomplished  in  several 
ways.  In  case  the  amount  of  one  of  the  liquids  is  very  small,  it  can 
be  separated  from  the  other  by  means  of  a  'pi'pet,  one  end  being  placed 
in  the  liquid,  which  is  drawn  into  the  pipet  by  means  of  suction  (Fig. 
138). 

A  similar  form  of  crude  separation  can  be  accomplished  more 
thoroughly  by  a  cheap  glass  syringe,  the  suction  in  this  case  being 
accomplished  by  moving  the  piston.  Both  these  means  of  separation, 
however,  are  very  primitive,  and  should  be  used  only  in  emergencies. 
Absolutely  thorough  separation  can  be  accomplished  by  the  inexpen- 
sive separatory  funnel  (Figs.  139  and  140),  which  consists  of  a  glass 
tube  provided  with  a  glass  stopper  and  terminating  in  a  tapering  tube 
to  which  is  fitted  a  glass  stop-cock.  For  those  economically  inclined, 
an  ordinary  glass  funnel  can  be  used  as  a  separatory  funnel  by  fitting 
in  the  neck  of  same  a  velvet  cork,  fitting  the  glass  rod,  and  allowing 
the  liquid  to  run  out  from  the  funnel  by  raising  the  cork  and  pressing 
it  down  until  the  last  portion  of  the  heavy  liquid  has  been  separated. 
Considering,  however,  the  low  price  of  a  separatory  funnel,  the  use  of 
this  crude  apparatus  is  hardly  justified. 

One  immiscible  liquid  can  be  crudely  separated  from  another  by 
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means  of  a  syphon,  but  to  this  method  the  same  comments  can  be 
applied  as  to  separating  with  a  syringe. 

By  Florentine  Receiver. — For  the  separation  of  a  quantity  of 
immiscible  liquids  too  large  for  the  separatory  funnel,  recourse  is  had 
to  the  Florentine  receiver  (Figs.  141,  142,  and  143),  these  being  used 
in  the  steam  distillation  of  substances  containing  volatile  oils  to 
separate  the  volatile  oil  from  the  water  which  accompanies  it  in  the 


Fig.  138. — Separation  of  immiscible     Fig.  139. — Separatory     Fig.  140. — Squibb's  sepa^ 
liquids  with  pipet.  funnel.  ratory  funnel 

distillation.  As  shown  in  cuts,  two  forms  of  such  receiver  are  used, 
accordingly  as  the  oil  is  heavier  or  lighter  than  water,  each  apparatus 
being  so  arranged  as  to  cause  the  flowing  out  of  the  water  and  reten- 
tion of  the  oil  in  the  receiver,  while  the  third  cut  shows  a  receiver 
adapted  to  either  light  or  heavy  oils. 

A  crude  method  of  separating  chloroform  from  large  quantities 
of  water,  such  as  is  sometimes  required  in  the  extraction  of  alkaloids 
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Fig.  141. — Florentine  receiver 
for  heavy  liquids. 


Fig.  142.— Floren- 
tine receiver  for  light 
liquids. 


Fig.  143. — Florentine  receiver 
combined. 


from  drug  decoctions  by  shaking  with  chloroform,  is  by  agitating  the 
mixture  in  a  five-gallon  demijohn  or  can,  and  suddenly  inverting 
same  into  a  quart  or  half-gallon  wide-mouthed  bottle,  and  when  the 
chloroform  has  completely  separated  into  the  jar,  the  demijohn  is 
removed  and  the  chloroform  separated  from  last  small  quantities  of 
water  by  use  of  an  ordinary  separatory  funnel. 
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CHAPTER   IX 

PRECIPITATION,     CRYSTALLIZATION,     GRANULATION, 
EXSICCATION,  AND  DIALYSIS 

PRECIPITATION 

Precipitation  is  the  process  of  separating  a  solid  from  its  solution 
by  the  aid  of  physical  or  chemical  action.  The  substance  so  separated 
is  called  a  precipitate  ;  the  chemical  producing  this  precipitate  is  called 
the  precipitant,  while  the  liquid  remaining  above  the  precipitated  sub- 
stance is  termed  the  supernatant  liquid. 

As  mentioned  in  the  last  chapter,  a  precipitate  differs  from  a 
sediment  in  that  a  precipitate  is  separated  out  from  its  former  state 
of  solution,  while  a  sediment  has  never  been  dissolved.  In  order  to 
precipitate  a  substance  it  is  necessary  to  first  get  it  into  solution. 
On  the  other  hand,  the  precipitated  substance  is,  in  the  nature  of 
things,  a  substance  insoluble  in  water,  and  must,  therefore,  be 
dissolved  by  special  agents,  the  act  of  solution  frequently  bringing 
about  a  chemical  change. 

Precipitation  may  be  due  to  chemical  or  physical  causes.  The 
most  important  phase  of  precipitation  is  that  involving  chemical  action, 
wherein  the  two  reacting  substances  are  dissolved  in  separate  portions 
of  water,  and  on  mixing  these  solutions  an  insoluble  body  will  be 
formed  and  precipitated. 

But  we  have  precipitations  that  are  due  to  purely  physical  causes. 
Thus  from  a  hot  supersaturated  solution  on  cooling  will  be  precipitated 
the  excess  of  dissolved  substance.  Likewise,  solution  of  such  sub- 
stances which  are  more  soluble  in  cold  water  than  in  hot  (like  lime) 
will  be  precipitated  when  they  are  heated,  such  cases  being  examples 
of  precipitation  through  change  in  temperature.  We  have  learned 
that  substances  may  be  soluble  in  one  liquid  and  insoluble  in  another; 
thus,  gum  arable  dissolves  in  water,  but  is  insoluble  in  alcohol.  If 
alcohol  is  added  to  a  solution  of  acacia,  it  diffuses  through  the  water 
and  the  acacia  is  precipitated,  an  example  of  precipitation  through 
change  in  menstruum. 

Objects  of  Precipitation. — We  precipitate  substances  chiefly  to 
pun/;/ jaajne.  As  will  be  noted  later,  the  purification  of  chemicals 
which  are  soluble  is  easily  effected  by  crystallization,  and,  likewise,  \ 

the  purification  of  insoluble  chemicals  is  generally  accomplished  by 
precipitation,  and  in  both  cases  the  act  of  purification  is  accomplished 
by  bringing  the  substance  into  solution.  Therefore,  in  precipitation 
we  dissolve  a  substance  in  some  way  usually  by  changing  the  identity 
of  the  chemical.  The  solution  thus  obtained  is  rendered  free  from 
insoluble  extraneous  matter  by  filtration,  and  to  the  filtered  liquid 
is  added  the  appropriate  precipitant,  which  converts  the  chemical 
into  the  insoluble  form  desired,  leaving  the  soluble  impurities  in  the 
supernatant  liquid. 

Another  object  of  precipitation  is  to  obtain  the  substance  in  fine 
powder,  the  insoluble  matter  usually  separating  out  in  almost  molecular 
subdivision. 

A  third  object  of  precipitation  is  for  its  value  in  chemical  testing. 
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Practically  the  entire  scheme  of  analytic  chemistry  (Chapter  LII.)  is 
based  on  the  separation  of  the  various  elements  from  solution  by  the 
addition  of  appropriate  precipitant. 

Operation. — As  mentioned  above,  precipitation  can  be  accom- 
plished by  either  physical  or  chemical  means,  although  by  far  the 
greater  number  of  precipitates  used  in  pharmacy  and  chemistry  are 
produced  by  chemical  means.  Among  the  physical  means  of  pre- 
cipitation are  by  use  of  heat,  as  shown  by  the  precipitation  of  the  egg- 
albumen  from  the  mixture  by  heating  when  the  albumen  coagulates, 
as  explained  in  the  preceding  chapter. 

Another  physical  form  of  precipitation  is  by  changing  the  nature  of 
the  solvent.  As  mentioned  in  Chapter  VII.,  a  substance  may  freely 
dissolve  in  one  solvent,  but  be  insoluble  in  another,  and  in  such 
cases  the  addition  to  the  solution  of  the  substance  of  the  liquid  in 
which  it  is  insoluble  usually  effects  the  precipitation  of  the  solid, 
provided  always  that  the  added  liquid  is  freely  miscible  with  the 
liquid  which  holds  the  salt  in  solution.  A  case  of  this  kind  is  that  of 
acacia,  which  will  be  precipitated  from  its  aqueous  solution  on  the 
addition  of  alcohol.  This  separation,  it  will  be  noted,  is  purely  phy- 
sical, and  it  differs  from  the  precipitation  of  acacia  from  its  aqueous 
solution  by  the  addition  of  lead  subacetate,  in  which  case  chemical 
change  is  effected. 

Among  the  chemical  means  of  precipitation  it  is  possible  to  include 
the  action  of  light.  Even  that  precipitation  is  frequently  considered 
as  a  physical  means,  but  it  is  true  that  precipitation  effected  by  light 
is  brought  about  by  the  light  changing  the  chemical  character  of  the 
precipitated  substance.  One  case  where  light  produces  precipitation 
is  with  the  salts  of  silver.  Almost  every  pharmacist  has  noted  the 
precipitation  occurring  in  solution  of  silver  nitrate  exposed  to  the 
light  when  the  sides  of  the  vessel  become  coated  with  a  black  sub- 
stance, which  is  metallic  silver,  the  light  acting  on  silver  nitrate, 
reducing  it  to  the  metallic  form.  The  usual  chemical  method  of 
precipitation,  however,  is  by  adding  a  precipitant,  as  mentioned  above, 
and  as  illustrated  in  the  manufacture  of  precipitated  calcium  carbonate 
from  prepared  chalk. 

These  two  substances  are  chemically  identical,  the  only  difference 
being  that  prepared  chalk — a  natural  product — is  only  slightly  purified 
by  the  process  of  elutriation  and  trochiscation;  hence  is  apt  to  contain 
more  or  less  impurities,  and  it  is  freed  from  these  impurities  by  the 
process  of  precipitation. 

In  converting  the  prepared  chalk  into  calcium  carbonate,  five 
stages  in  the  operation  may  be  noted.  The  first  is  to  get  prepared 
chalk  or  the  calcium  part  of  it  into  solution,  for  it  is  through  solution 
that  a  substance~can  Le  Teadily  freed  from  impurities. 

To  effect  this  solution  a  chemical  change  is  necessary;  in  other 
words,  the  insoluble  calcium  carbonate  must  be  converted  into  a 
soluble  salt  of  calcium,  and  the  salt  selected  is  calcium  chloride. 
This  calcium  chloride  is  produced  from  the  prepared  chalk  by  the 
addition  of  hydrochloric  acid,  the  reaction  being: 

CaCO,     +     2HC1     =     CO2     +     H2O     +     CaCl^. 

.  The  calcium  chloride  solution  so  obtained  is  filtered  to  effect  a 
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separation  of  insoluble  particles,  and  this  filtration  might  be  considered 
the  second  stage  of  the  process.  The  third  stage  of  the  process  is  the 
real  precipitation,  which  is  accomplished  by  adding  to  the  solution  of 
calcium  chloride  the  precipitant,  which  is  a  solution  of  any  soluble 
carbonate,  and  for  practical  purposes  sodium  carbonate  is  always 
used,  the  reaction  at  this  stage  being: 

CaClj     +     Na^COa     =     2NaCl     +     CaCOa- 

It  will  be  seen  that,  besides  calcium  carbonate  (precipitated  chalk), 
sodium  chloride  is  formed,  and  the  moist  precipitated  carbonate  is 
wet — not  with  pure  water,  but  with  a  solution  of  salt.  If  we  dry  the 
precipitate  just  as  it  separates  from  the  liquid  of  which  it  was  once  a 
part,  we  get  a  product  contaminated  with  salt,  but  if  we  wash  it,  the 
sodium  chloride  dissolves,  leaving  behind  pure  calcium  carbonate 
moistened  only  with  water. 

Therefore,  we  wash  the  moist  precipitate,  this  constituting  the 
fourth  stage  in  the  process  of  precipitation.  Lastly,  the  moist  precipitate 
must  be  dried,  which  constitutes  the  fifth  and  last  stage  of  the  process. 

Apparatus  used  in  precipitation  by  chemical  means  consist  of  a 
chemical  flask  or  evaporating  dish  in  which  the  insoluble  substance  is 
made  into  the  soluble  form,  the  funnel  and  filter  by  means  of  which 
the  solution  is  rendered  clear,  the  jar  or  dish  in  which  the  filtered 
solution  is  mixed  with  the  precipitant,  and  where  the  precipitate  is 
allowed  to  collect,  a  strainer  or  a  plain  filter  in  which  the  precipitate 
is  collected  and  washed,  and,  lastly,  a  drying  closet  or  other  means 
of  desiccation  by  which  the  moist  precipitate  is  dried.  All  these 
pieces  of  apparatus  have  been  considered  except  the  precipitation 
jars;  these  consist  either  of  tall  cylinders  or  of  beakers,  both  of  which 
were  illustrated  under  Decanta- 
tion  (Figs.  119,  120).  The  pre- 
cipitating jar  is  of  glass,  made 
tall  in  order  to  effect  the  com- 
plete separation  of  the  precipitate, 
thus  facilitating  decantation;  the 
beaker  is  a  vessel  of  thin  glass  so 
annealed  as  to  stand  heating. 

For  precipitation  in  chemical 
testing,  test-tubes  are  usually 
employed.  These  consist  of  nar- 
row cylinders  of  glass,  five  or  six 
inches  long,  with  round  bottoms 
(Fig.  144),,  while  in  quantitative  analysis  the  precipitates  are  care- 
fully collected  in  a  beaker,  as  explained  under  Decantation. 

The  appearance  of  the  freshly  separated  precipitate  is  described 
by  appropriate  adjectives,  most  of  which  are  self-explanatory.  Thus, 
we  say  that  silver,  chloride  is  curdy;  ammoniomagnesium  phosphate 
is  crystalline;  aluminum  hydroxide  is  gelatinous;  coagulated  albumin 
is  flocculent,  and  magnesium  phosphate  is  granular. 

Sometimes,  when  a  precipitate  is  light  and  occupies  considerable 
space,  it  is  said  to  be  bulky.  A  magma  is  a  form  of  thick,  tenacious 
precipitate,  such  as  is  formed  by  the  official  ferric  hydroxide. 

In  explaining  a  test,  mere  mention  of  the  precipitant  is  not  suffi- 


Fig.  144. — Test-tubes  in  rack. 
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cient,  but  the  color  and  character  of  the  precipitate  formed  should  be 
included  in  the  answer.  Thus,  if  asked  the  test  for  sulphuric  acid  or 
a  sulphate,  it  is  scarcely  complete  to  answer  "barium  chloride,"  but 
such  a  question  should  be  answered:  "Barium  chloride  gives  a  white 
precipitate,  insoluble  in  nitric  and  hydrochloric  acid."  The  last 
part  of  this  answer,  while  seemingly  superfluous  at  first  glance,  is 
necessary,  inasmuch  as  barium  chloride  form's  white  precipitates 
with  several  other  acids,  but  it  is  only  in  the  case  of  sulphuric  acids 
and  sulphates  that  the  precipitate  is  insoluble,  as  mentioned. 

In  some  cases  the  same  substance  can  be  precipitated  in  a  light, 
flocculent  form  or  in  a  heavy,  granular  form,  giving  rise  to  the  dis- 
tinction between  light  and  heavy  precipitates.  These  result  entirely 
from  the  method  of  manipulation.  If,  in  precipitating  the  sub- 
stance, the  solutions  are  dilute  and  cold,  a  light  precipitate  is  usually 
formed,  whereas  if  the  two  substances  are  mixed  in  hot  concentrated 
solution,  a  heavy  precipitate  is  formed.  An  official  illustration  of 
these  two  forms  of  the  same  substance  is  shown  in  magnesium 
oxide,  U.  S.  P.,  and  heavy  magnesium  oxide,  these  being  produced  by 
the  calcination  of  light  magnesium  carbonate  and  of  heavy  magnesium 
carbonate  respectively,  the  light  being  precipitated  from  dilute 
solutions  and  the  heavy  from  concentrated  solutions. 

CRYSTALLIZATION 

Crystallization  is  the  process  of  separating  substances  in  forms 
possessing  definite  geometric  angles.  Such  substances  are  called 
"crystalline,"  while  substances  which  cannot  be  made  to  form  definite 
geometric  angles  are  said  to  be  "amorphous."  Among  the  latter  are 
some  substances  which  are  sometimes  erroneously  considered  crystal- 
line, as,  for  example,  the  scale  salts  of  iron. 

In  considering  crystallization  the  first  aim  is  to  get  an  idea  of 
what  a  crystal  is.  A  crystal  is  a  solid  whose  faces  form  definite 
angles,  a  body  which  can  be  measured  according  to  the  rules  of  geom- 
etry. Geometry  is  that  portion  of  mathematics  which  deals  with  the 
measurement  of  surfaces  and  angles.  Angles  are  formed  where 
surfaces  meet  and  vary  in  size,  being  measured  by  their  relation  to 
the  circle.  Thus,  were  a  right  angle  cut  from  a  circular  disk  from 
center  to  edge,  it  would  remove  one-quarter  of  the  circle.  A  circle 
in  geometry  is  divided  into  360  parts,  called  degrees,  and  since  the 
right  angle  is  one-quarter  the  circle,  its  measurement  is  said  to  be 
90  degrees.  An  angle  of  60  degrees  is  but  one-sixth  the  circle,  hence 
is  sharper  than  a  right  angle. 

An  angle  means  what  we  usually  call  a  corner — a  space  inclosed 
by  the  intersection  of  two  straight  lines.  We  have  instruments 
whereby  these  angles  may  be  measured,  and  the  measurement  of  the 
various  angles  forms  a  part  of  the  sciences  of  geometry  and  trigonom- 
etry. Among  the  practical  applications  of  these  sciences  may  be 
mentioned  surveying  and  measurement  of  crystals.  In  physics  and 
astronomy  a  knowledge  of  these  sciences  is  essential. 

Crystals  are  specially  interesting  as  definite  geometric  forms 
assumed  of  themselves  without  outside  aid.  It  is  an  easy  matter 
for  a  skilled  sculptor  to  hew  a  definite  geometric  form,  but  remember 
that  a  crystal  form  depends  on  no  human  aid.     The  substance  com- 
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posing  the  crystal  groups  its  particles  into  the  shape  ordained  for 
it  from  the  beginning,  and  every  perfect  crystal  of  the  same  substance, 
be  it  large  or  small,  has  exactly  the  same  form.  Then,  too,  all  sub- 
stances do  not  crystallize  with  the  same  angles.  One  for  ages  has  been 
crystallizing  in  a  certain  form,  while  one  of  its  neighbors  during  the 
same  period  has  produced  numberless  crystals  all  alike,  but  each  of 
shape  different  from  the  substance  first  spoken  of.  In  this  way  we 
have  in  the  study  of  crystals  an  excellent  method  of  distinguishing 
different  chemical  substances,  and  so  large  is  the  scope  of  the  work 
that  crystallization  is  now  classed  as  an  independent  science. 

In  studying  the  crystal  the  crystallographer  distinguishes  four 
different  parts  to  a  crystal,  the  most  important  of  which  are  the 
angles  described  above,  an  angle  being  the  measurement  of  the 
conjunction  of  two  faces,  such  conjunction  being  called   the  edge. 


c  d 

Fig.  145. — Crystal  forms:  a,  Dodecahedron;  b,  quadratic  octahedron;  c,  hexagonal  prism; 

d,  double  oblique  octahedron  (Holland). 

These  terms  will  best  be  understood  by  a  study  of  Fig.  145,  which  also 
shows  the  fourth  characteristic  of  the  crystal,  the  axes,  these  being 
imaginary  lines  so  drawn  through  the  crystal  that  they  intersect  at 
its  center.  Each  crystal  has  its  peculiarities  of  faces,  axes,  and  angles, 
and,  therefore,  all  substances  in  crystalline  form  are  grouped  by  crys- 
tallographers  into  various  crystal  systems,  the  main  division  being  as 
follows: 

OF^xES         Length  of  Axes.  Angle  of  Intersection. 

Regular 3  All  equal.  All  right  angles. 

Tetragonal 3  Two  equal,  1  different.  All  right  angles. 

Rhombic 3  All  unequal.  All  right  angles. 

Hexagonal 4  Three  equal,  1  different.  Three  at  angle  of  60  degrees,  the 

fourth  at  nght  angle. 

Monoclinic 3  All  unequal.  Two  oblique,  the  third  at  right  angle. 

Triclinic 3  All  unequal.  All  oblique. 
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The  subject  of  crystallography  is  beyond  the  scope  of  the  average 
pharmacist,  its  chief  value  being  as  an  adjunct  to  the  science  of 
mineralogy,  therefore,  the  rest  of  this  chapter  will  be  devoted  to  the 
pharmaceutic  consideration  of  crystallization,  and  those  desiring 
further  information  on  the  science  of  crystallography  are  referred 
to  standard  books  on  the  subject. 

This  is  following  the  lead  of  the  pharmacopoeia,  which  rarely 
mentions  the  scientific  classification  of  crystals,  contenting  itself 
with  the  rather  superficial  general  terms  applied  to  crystals,  such  as 
saying  that  the  crystal  is  "prismatic"  (in  shape  of  a  prism),  ''tubular" 
(somewhat  round  cylinder),  "acicular"  (needle-shaped),  etc. 

In  some  cases  mineralogists  find  half-crystals;  in  other  words, 
the  ideal  crystal  is  split  down  its  length.  Such  crystal  splitting  is  called 
cleavage. 

Isomorphism. — Substances  which  crystallize  into  the  same 
form  are  said  to  be  isomorphous;  and,  through  the  investigation  of 
Mitscherlich,  has  been  evolved  the  interesting  and  valuable  theory 
that  isomorphous  bodies  usually  possess  closely  allied  chemical 
composition.  Thus,  sodium  phosphate,  Na2HP04+  I2H2O,  and  sodium 
arsenate,  Na2HAs04  +  7H2O,  are  found  to  be  isomorphous.  In  the 
same  way  the  alums  all  crystallize  in  the  same  form. 

Measurement  of  Crystals. — As  mentioned  above,  crystallography 
is  the  study  and  classification  of  crystals  chiefly  according  to  the 
angle  intersection,  the  measurement  being  made  by  the  instrument 
called  goniometer.  A  full  description  of  this  instrument  would  be 
too  technical  for  the  limits  of  this  work,  but  its  principle  of  action 
can  be  explained  by  saying  that  in  this  instrument  the  crystal,  the 
angles  of  which  are  desired  to  be  measured,  is  placed  in  an  appro- 
priate holder,  operated  on  a  universal  joint,  capable  of  rotating  in 
every  direction,  and  the  angle  of  rotation  can  be  carefully  measured 
on  an  appropriate  scale.  A  telescope  is  part  of  the  instrument,  and 
through  this  we  gaze  on  an  image  reflected  from  one  side  of  the 
crystal,  and  we  then  gently  rotate  the  crystal,  when  the  image  becomes 
lost,  until  the  rotation  has  brought  the  adjoining  face  of  the  crystal 
into  exactly  the  same  position  formerly  occupied  by  the  other  face, 
when  the  image  is  forthwith  restored.  At  this  point  a  reading  is 
made  of  the  rotation  of  the  crystal,  and  from  this  datum  the  angle 
can  be  determined. 

Objects  of  Crystallization. — The  pharmacist's  consideration  of 
crystallization  is  limited  almost  entirely  to  the  production  of  crystals, 
and,  therefore,  the  view  of  the  pharmacist  as  to  crystals  is  quite  differ- 
ent from  that  of  the  crystallographer,  the  latter  busying  himself  with 
the  examination  of  the  finished  and  usually  native  crystal,  while 
the  aim  of  the  druggist  is  the  production  of  a  handsome  crystal 
without  special  reference  to  the  exactness  of  the  angles.  He  produces 
a  substance  in  crystalline  form,  but  merely  to  obtain  them  in  a  higher 
degree  of  purity,  and  to  this  he  adds  the  esthetic  consideration  that 
a  perfect  crystal  is  the  most  beautiful  form  in  which  a  chemical 
can  be  produced. 

For  practical  reasons,  however,  the  pharmacist  usually  prefers 
his  chemicals  in  the  form  of  granular  crystals,  rather  than  a  large 
and  perfect  sample,  the  former  being  readily  more  soluble. 
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Production  of  Crystals. — The  several  ways  in  which  crystals  are 
produced  are  given  place  in  order  of  their  relative  importance: 

First,  by  cooling  a  hot  saturated  solution.  This  is  the  usual  method 
of  producing  crystals  in  chemical  manufacture,  and  the  process  can 
be  readily  understood  by  one  who  has  studied  the  preceding  chapter 
on  Solution.  Therein  it  was  noted  that  a  substance  is  usually  more 
soluble  in  hot  water  than  in  cold;  furthermore,  that  from  this  hot 
solution,  on  standing,  will  be  deposited  the  excess  of  the  substance. 

Thus,  as  cited  on  p.  120,  100  Cc.  of  boiling  water  will  dissolve  ten 
times  as  much  potassium  chlorate  as  will  100  Cc.  of  water  at  15°  C, 
and  when  the  temperature  of  this  heated  solution  is  reduced  to  15°  C, 
the  90  per  cent,  excess  will  separate  out,  and,  indeed,  in  the  form  of 
crystals,  since  the  body  is  cry stalliz able.  Such  is  the  usual  method 
of  making  crystals,  the  substance  being  dissolved  in  hot  water,  the 
hot  saturated  solution  filtered  through  paper,  the  filtrate  allowed  to 
stand  in  an  appropriate  dish,  usually  for  twenty-four  hours,  when  the 
liquid  is  separated  from  the  crystals,  which  are  then  removed  from 
the  dish  and  dried. 

Two  technical  terms  are  used  in  connection  with  this  process. 
The  liquid  above  crystals  in  which  the  substance  has  formerly  been 
dissolved  is  called  the  mother  liquor,  and,  again,  in  some  cases  of 
crystallizing  this  way  a  dilute  solution  is  concentrated  by  evaporating 
until  a  thin  scum  of  crystals  forms  across  the  surface  of  the  liquid, 
and  this  layer  is  called  the  pellicle. 

Apparatus. — The  apparatus  used  in  this  operation  are  the  indis- 
pensable funnel  and  filter  and  the  dish  in  which  the  crystals  are 
collected.  For  small  operations  no  better  dish  can  be  found  than 
the  ordinary  pint  evaporating  dish.  Glass  beakers  are  sometimes 
used,  but  should  be  employed  only  for  the  collection  of  minute  quan- 
tities, and  when  the  crystals  are  not  particularly  large  and  strong, 
as  in  the  latter  case  the  removal  of  the  crystals  from  the  sides  of  the 
vessel  is  liable  to  result  in  a  fracture  of  the  glass.  In  all  operations 
of  crystallization  crystals  will  separate  out  more  readily  if  the  interior 
of  the  dish  is  rough,  although  this  detail  is  valued  chiefly  in  crystal- 
lizing large  quantities,  for  which  purpose  nothing  is  better  than  the 
ordinary  earthenware  crocks.  The  roughness  of  the  vessel  seems  to 
attract  the  formation  of  crystals,  the  same  way  as  does  the  introduc- 
tion into  the  liquid  of  bits  of  glass  or  tightly  stretched  twine. 

These  extraneous  aids  to  crystallization  are  called  nuclei,  and  a 
familiar  illustration  of  nuclei  is  the  use  of  string  on  which  rock-candy 
crystallizes.  The  finished  crystal  must  be  drained  from  its  mother 
liquor,  and  this  is  usually  accomplished  by  throwing  the  wet  crystal 
mass  on  a  strainer,  or,  in  the  case  of  smaller  quantities,  on  a  filter, 
and  allowing  it  to  drain.  The  excess  of  the  liquid  is  then  removed 
by  placing  the  crystals  between  sheets  of  filter-paper,  or,  in  the  event 
of  the  substance  being  of  a  caustic  nature,  such  as  chromic  acid, 
porous  plates  of  unglazed  earthenware  are  used. 

Second,  by  the  gradual  evaporation  of  a  solution.  This  consists 
of  a  modification  of  the  foregoing,  the  crystallizing  solvent  being  in 
this  case  alcohol,  ether,  chloroform,  or  some  other  volatile  liquid. 
In  such  cases  the  chemical  (usually  of  plant  origin)  is  dissolved  in 
the  smallest  possible  quantity  of  the  liquid,  the  solution  filtered  into 
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an  evaporating  dish  and  allowed  to  stand,  when,  due  to  the  gradual 
vaporization  of  the  solvent,  the  crystals  slowly  form  in  the  bottom  of 
the  dish.  In  such  case  the  crystals  should  be  removed  before  the 
solvent  has  completely  dissipated,  in  order  that  the  impurities  may 
be  removed  in  the  solvent. 

Third,  Sublimation.  Some  chemicals,  on  subliming,  solidify  in 
the  form  of  crystals.  Such  is  particularly  the  case  with  benzoic  acid, 
and  this  gives  the  method  employed  in  the  manufacture  of  this 
chemical  from  its  natural  source,  the  official  benzoin.  The  drug  is 
coarsely  powdered,  mixed  with  sand,  and  placed  in  a  dish  which  is 
covered  with  a  piece  of  cheese-cloth.  Over  the  dish  is  placed  a  cone 
of  paper,  and  the  entire  apparatus  is  placed  on  a  sand-bath  and 
heated  at  a  temperature  not  exceeding  110°  C.  From  the  benzoin 
the  benzoic  acid  is  liberated  in  vapor  form  and  rises  within  the  cone, 
and  is  condensed  by  the  lower  temperature  of  the  surrounding  air  in 
the  form  of  beautiful  crystals  (see  page  107). 

Fourth,  By  fusion  and  partial  cooling.  This  method  of  crystallizing 
is  of  little  value  to  pharmacists,  its  only  application  being  in  the 
preparation  of  one  form  of  sulphur  crystals.  In  this  operation  a 
considerable  quantity  of  the  substance,  say  200  grammes,  is  placed 
in  a  Hessian  crucible  and  brought  to  a  state  of  fusion.  As  the  pellicle 
forms  on  the  surface  of  the  cooling  mass  a  hole  is  punched  through, 
and  the  remaining  liquid  carefully  poured  out.  On  completely 
removing  the  pellicle  it  will  be  found  that  the  sulphur  has  deposited 
in  the  form  of  monoclinic  crystals.  In  a  similar  manner  Moissan 
prepared  diamonds  by  melting  iron  and  dissolving  graphite  therein, 
and  allowing  the  mass  to  solidify,  under  great  pressure,  by  plunging 
the  white-hot  mass  into  cold  water.  The  solid  mass  is  then  treated 
with  hydrochloric  acid,  which  dissolves  out  the  iron,  when  it  is  found 
that  part  of  the  graphite  is  converted  into  the  crystalline  form, 
diamonds;  although  the  crystals  are  too  small  to  possess  commercial 
value.  Perhaps  Moissan's  method  is  more  properly  considered  as  a 
case  of  deposition  from  saturated  solution,  as  in  truth  the  graphite  is 
dissolved  in  the  molten  iron  and  is  caused  to  separate  out  in  crys- 
talline form  before  the  solvent  has  solidified. 

Fifth,  By  effecting  change  in  the  character  of  the  solvent.  As  men- 
tioned under  Solution,  some  substances  are  soluble  in  one  solvent 
and  insoluble  in  another.  For  example,  sugar  will  dissolve  freely 
in  water  and  sparingly  in  alcohol.  In  this  case,  if  to  the  concen- 
trated solution  of  sugar  is  added  alcohol  in  sufficient  quantity,  the 
sugar  will  separate  out  and,  indeed,  in  the  form  of  crystals.  This 
method  is  used  in  effecting  crystallization  in  many  chemical  operations, 
although  its  use  in  pharmacy  is  comparatively  limited. 

Sixth,  By  the  electric  current.  This  method  is  totally  foreign  to 
crystallization  in  pharmacy,  and  can  be  dismissed  with  the  statement 
that  handsome  crystals  of  gold  metal  have  been  obtained  by  passing 
low  currents  of  electricity  through  solutions  of  metal  for  long  periods 
of  time. 

Water  of  Crystallization. — In  the  case  of  crystallization  produced 
by  a  separation  from  a  solution,  the  solvent  very  frequently  plays 
a  role  in  the  composition  of  the  deposited  crystal,  although  in  some 
cases   the   crystal  separates  from   the  solution   without   combining 
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with  any  of  the  solvent.  The  latter  is  usually  the  case  when  some 
solvent  other  than  water  is  employed,  but  sometimes,  in  separating 
from  aqueous  solution,  some  chemicals  form  crystals  that  are  water- 
free.  If  water  combines  with  the  separating  crystal,  as  is  usually 
the  case  in  aqueous  crystallization,  it  is  designated  as  "water  of 
crystallization, "  and  if  alcohol  combines  with  the  chemical  in  the 
same  way,  it  is  called  "alcohol  of  cnjstallization,"  and  in  similar 
manner  we  find  some  crystals  contain  "ether"  or  ''chloroform"  or 
"acetic  ether  of  crystallization,  "  if  these  solvents  have  been  employed 
in  the  process  of  making  crystals.  The  last  four  cases  are  not  usual, 
however,  so  our  attention  need  be  devoted  to  the  water  of  crystalliza- 
tion. 

By  "water  of  crystallization"  is  meant  water  that  is  combined  in 
some  loose  chemical  way  with  the  chemical  of  which  the  crystal  is 
composed,  and  it  does  not  mean  the  water  adhering  to  a  moist  crystal. 
Thus,  47  per  cent,  of  a  perfectly  dry  crystal  of  alum  consists  of  this 
water  of  crystallization. 

The  estimation  of  this  water  of  crystallization  is  a  very  simple 
proceeding,  all  that  is  necessary  being  to  heat  a  weighed  quantity  of 
crystals,  first,  on  a  water-bath,  when  it  will  be  noticed  the  crystals 
liquefy,  and  then  on  a  sand-bath,  when  the  steam  arising  from  the 
liquefied  mass  proves  the  presence  of  water.  The  heat  being  continued 
for  a  sufficient  length  of  time,  all  the  water  will  be  removed,  and  a 
dried  mass,  known  as  the  "exsiccated"  salt,  remains. 

In  the  case  of  alum,  100  Gm.  of  the  crystals  dried  with  proper 
heat  will  leave  but  53  Gm.  of  the  exsiccated  alum,  showing  that 
47  per  cent,  of  same  is  water.  The  amount  of  water  of  crystallization 
found  in  a  given  chemical  is  exactly  the  same  for  all  perfect  samples, 
and  a  study  of  the  question  has  shown  that  the  quantity  of  water  in 
a  crystal  is  in  molecular  proportion  to  the  quantity  of  the  substance, 
thus  permitting  the  numeric  expression  of  the  amount  of  water  in 
the  chemical  formula  of  the  compound  (see  p.  378). 

In  this  case^  when  we  give  the  formula  of  sodium  sulphate,  Na2S04- 
lOHjO,  we  can  deduce  therefrom  the  molecular  weight,  and  are 
brought  to  the  conclusion  that  in  every  278  Gm.  of  crystalline  sodium 
sulphate  there  are  180  Gm.  of  water. 

We  can  deduce  in  the  same  way  from  the  chemical  formula  of 
potassa  alum,  KAl(S04)2l2H20,  that  this  contains  47  per  cent,  of 
water  of  crystallization,  as  explained  on  p.  535. 

The  term  "water  of  crystallization"  is  gradually  becoming  obsolete,  and  instead 
we  speak  of  the  body  containing  such  water  as  "hydrated."  Thus,  NajCOslOHjO, 
is  now  called  dekahydrated  sodium  carbonate,  while  the  official  form,  NajCOgHjO, 
is  called  monohydrated  sodium  carbonate,  and  this  term  constitutes  the  pharma- 
copoeial  name  of  this  salt.  Recent  research  shows  the  difference  between  the  deka- 
hydrated and  the  monohydrated  forms  of  the  same  substance  can  be  easily  explained 
by  the  rules  of  physical  chemistry;  hence,  tiie  term  "water  of  constitution,"  formerly 
used  to  designate  the  last  remaming  water,  is  being  dropped. 

Interstitial  Water. — Among  the  chemicals  which  separate  in  crys- 
tal form  from  aqueous  solution,  without  the  absorption  of  water 
of  crystallization,  the  best  known  example  is  common  salt.  This 
separates  in  handsome  masses  of  cubical  crystals,  and,  in  separating, 
it  very  frequently  mechanically  closes  certain  quantities  of  water 
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which  must  be  clearly  differentiated  from  water  of  crystallization, 
because  retained  in  a  purely  mechanical  manner.  Such  water,  which 
gathers  in  the  interstices  found  in  a  mass  of  crystals,  is  called  'inter- 
stitial water."  On  heating  a  substance  containing  interstitial  water 
the  latter  is  converted  into  a  steam  which,  on  expanding,  tears  the 
crystal  mass  asunder  with  a  crackling  sound.  This  phenomenon, 
called  decrepitation,  is  different  from  the  deflagration  of  potassium 
nitrate,  which  is  due  to  the  liberation  of  oxygen. 

Efflorescence  and  Deliquescence. — The  crystals  of  some  substances, 
sodium  phosphate,  for  example,  part  so  readily  with  water  of  crys- 
tallization that  even  at  ordinary  temperatures  the  latter  dissipates, 
causing  the  crystal  to  fall  into  a  white  powder.  This  loss  of  water  of 
crystallization  at  ordinary  temperatures  is  the  phenomenon  termed 
efflorescence.  Special  attention  should  be  paid  to  the  fact  that  an 
effloresced  body  means  one  which  has  lost  its  water  of  crystallization, 
and  hence  is  stronger  than  the  same  body  in  the  form  of  clear  pure 
crystals.  For  this  reason,  in  making  a  pharmaceutic  preparation, 
care  must  be  observed  that,  unless  otherwise  specified,  the  substance 
should  be  perfectly  crystalline,  and,  if  the  effloresced  salt  is  used  in  the 
same  quantity  as  is  directed  for  the  crystalline,  the  finished  prep- 
aration will  be  stronger  than  was  intended. 

Efflorescence,  however,  is  not  always  loss  of  water  of  crystallization;  thus  when 
ammonium  carbonate  effloresces  to  ammonium  bicarbonate,  water  of  crystallization 
does  not  enter  into  the  proposition  (p.  490). 

On  the  other  hand,  some  crystalline  substances  have  such  affinity 

for  water  as  to  absorb  same  from  the  moist  atmosphere,  ultimately 

liquefying.     Such  substances  are  said  to  be  '^ deliquescent,"   and  a 

notable  example  of  such  deliquescence  is  the  case  of  potassium  acetate, 

rwhich  should,  therefore,  never  be  dispensed  in  papers. 

Amorphous  bodies  and  liquids  which  absorb  moisture  from  the 
atmosphere  in  the  same  way  are  said  to  be  hygroscopic.  Thus,  glycerin 
is  a  good  illustration  of  a  hygroscopic  substance. 

GRANULATION 

Granulation  is  best  defined  as  interrupted  crystallization,  while  the 
operation  of  granulation  is  the  process  of  heating  a  chemical  sub- 
stance with  constant  stirring  until  moisture  is  evaporated  and  a 
sabulous  (coarse-grained)  powder  is  produced.  This  definition,  how- 
ever, does  not  describe  the  manufacture  of  the  so-called  granular 
effervescent  salts. 

In  granulation  a  substance  is  prepared  as  in  crystallization,  by 
separation  from  a  supersaturated  solution.  As  mentioned  under 
Crystallization,  to  secure  large  and  handsome  crystals  by  this  method 
it  is  usual  to  leave  the  hot  filtered  liquid  perfectly  quiet,  a  stirring  of 
the  same  producing  small,  ill-defined  crystals.  As  such  is  exactly  the 
object  of  granulation,  in  that  operation  the  hot  filtered  solution  is 
stirred  and  the  separation  of  the  crystals  facilitated  by  evaporation 
of  the  substance  from  the  liquid  to  a  point  where  a  very  small  quantity 
of  solvent  remains. 

In  granulating  a  substance,  however,  the  evaporation  should  not 
be  continued  until  all  the  liquid  has  disappeared,  as  a  certain  quantity 
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of  mother  liquor  is  essential  to  remove  soluble  impurities  by  solution 
in  the  mother  liquor. 

Chemicals  in  granular  form  have  of  late  years  become  quite  popu- 
lar, due  to  the  more  rapid  solubility  of  same  than  the  larger  crystals, 
following  the  statement  made  under  Solution  that  the  latter  is  facili- 
tated by  comminution  of  the  dissolving  substance. 

Apparatus. — In  granulation  the  only  apparatus  needed  are  those 
required  for  crystallization  from  saturated  solution,  viz.,  flask  in  which 
the  solution  is  performed,  apparatus  for  the  filtration,  evaporating 
dish,  and  glass  stirring  rod.  The  operation  itself  will  best  be  under- 
stood by  preparing  20  Gm.  of  Granulated  Ferrous  Sulphate,  U.  S.  P. 
(see  Part  VII). 

Granular  Effervescent  Salts. — This  class  of  preparations  are  totally 
different  from  the  true  granular  salts,  such  as  granulated  ferrous 
sulphate,  inasmuch  as  they  are  totally  devoid  of  crystalline  property, 
and  are  called  ''granulated,"  because  consisting  of  the  chemical  in 
uniform  and  small  particles. 

All  these  preparations  are  so  made  as  to  contain  tartaric  acid  and 
some  carbonate,  so  that  when  mixed  with  water  copious  effervescence 
occurs  (p.  444).  Here  need  it  only  be  said  that  the  preparations  are 
made  by  mixing  the  active  chemical  with  the  acid  and  the  carbonate, 
moistening  with  alcohol,  and  running  the  moist  mass  through  a 
coarse  sieve,  whereby  it  separates  into  small  and  regular  particles. 
The  reason  the  mass  is  moistened  with  alcohol  is  that  alcohol  renders 
same  sticky  without  producing  the  chemical  action  between  the  acid 
and  the  carbonate  which  would  result  were  they  moistened  with 
water.  For  the  same  reason  these  preparations  must  be  kept  in 
tightly  stoppered  bottles  to  prevent  contact  with  moist  air,  which 
would  soon  render  them  no  longer  effervescent.  These  salts  can  also 
be  granulated  by  softening  the  mass  by  heat  of  a  water-bath  and 
passing  the  soft  mass  through  a  sieve. 

EXSICCATION 

Exsiccation  is  the  process  of  removing  water  of  crystallization 
from  a  chemical  by  the  use  of  strong  heat.  This  process  was  fore- 
shadowed on  a  preceding  page  (p.  147),  so  here  it  need  only  be 
added  that  the  chief  object  of  exsiccating  a  substance  is  to  reduce 
its  bulk.  Thus,  a  crystal  of  alum  weighing  10  Gm.  contains  but 
little  less  than  5  Gm.  of  water,  and  but  little  over  5  Gm.  of  the  chemical 
itself,  hence  5  Gm.  of  exsiccated  alum  represents  the  same  strength 
as  about  10  Gm.  of  the  crystal.  In  most  operations  the  exsiccated 
salt  has  but  little  value  over  the  crystalline,  and  perhaps  is  even  less 
useful,  as  we  usually  employ  chemicals  in  solution,  and  an  exsiccated 
substance  is  more  difficultly  soluble  that  is  the  same  substance  in 
crystalline  form.  Therefore  the  chief  use  of  exsiccated  substances 
is  for  incorporation  in  pills,  the  size  of  which  should  be  limited  to 
5  grains,  and  by  use  of  5  grains  of  the  substance,  represent  about 
10  grains  of  the  same  body  in  crystalline  form.  This  explains  the 
employment  of  dried  ferrous  sulphate  instead  of  the  crystalline,  in 
making  pills  of  aloes  and  iron.  The  chemical,  dried  alum,  has, 
however,  therapeutic  value  not  possessed  by  the  crystals. 


150  PRINCIPLES  OF  PHARMACY 

Apparatus. — The  apparatus  used  in  exsiccation  consists  of  an 
evaporating  dish,  which  should  be  tared,  while  the  source  of  heat  is 
usually  a  sand-bath.  (For  details  of  operation,  see  Exsiccated  Alum, 
Part  VII.) 

DIALYSIS 

Dialysis  or  diffusion  is  a  process  whereby  the  crystalline  portion 
of  a  mixture  is  separated  from  the  non-crystalline  by  the  passage  of 
the  former  through  a  permeable  membrane.  The  crystalline  substance 
which  passes  through  the  membrane  is  called  crystalloid,  while  the 
non-crystalline  substances,  usually  of  mucilaginous  character,  are 
called  colloids,  from  the  Greek  "kolla,"  meaning  glue. 

The  process  of  dialysis  was  discovered  by  Graham  in  1861,  and  at 
the  time  of  discovery  it  was  thought  it  would  be  of  unlimited  use  in 
pharmacy  and  other  arts.  Experience,  however,  has  shown  that  its 
value  is  largely  theoretic  study  of  plant  and  animal  physiology,  proving 
that  a  large  portion  of  the  so-called  vital  processes  going  on  in  the 
living  organism  operates  upon  the  principle  of  dialysis. 

The  apparatus  used  in  dialysis  consists  primarily  of  any  porous 
membrane.     For  this  purpose  a  bladder  is  usually  employed,  although 
parchment  paper  or  unglazed  earthenware  is  employed  for  the  purpose. 
The  rest  of  the  apparatus   consists  of   two  con- 
tainers of  glass.     The  membrane  is  attached  to 
a  bottomless  cylinder  of  glass  or  other  suitable 
material,  in  such  way  as  to  serve  as  the  bottom, 
and  is  made  to  rest   upon   the  surface   of   water 
held  in  the  second  container,  and  upon  the  mem- 
brane is  poured  the  liquid  which  is  desired  to  be 
dialyzed  (Fig.  146).     This  done,  the  crystalloids 
contained  in  the  liquid  on  the  dialyzer  begin  to 
Fig.  146.— Dialyzer.       pass  through  into  the  liquid  below,  whereas  the 
non-crystallizable  substance  remains  behind,  thus 
affording  a  very  simple  method  of  separating  the  mixture  of,  say, 
sugar  and  starch,  the  sugar   being  crystalline,  passing   through  the 
membrane,  and  the  starch  remaining  behind. 

Objects. — As  mentioned  above,  the  most  important  object  of 
dialysis  is  in  the  natural  processes  of  animal  and  vegetable  economy. 
Some  soluble  solids  pass  from  one  section  to  another  by  the  process 
of  dialysis.  In  the  pharmaceutic  application  of  dialysis  a  class  of 
preparations,  called  "  dialysates, "  were  put  upon  the  market.  These 
are  usually  made  by  placing  a  decoction  of  plants  on  a  dialyzer 
and  evaporating  the  crystalloid  liquid.  The  latter  contained  the 
crystalline  alkaloid,  whereas  the  residue  left  on  the  dialyzer  consisted 
of  the  usually  inert  colloidal  substance.  As  examples  of  such  prepara- 
tions occasionally  used  may  be  mentioned  dialyzed  opium  and  dialyzed 
cinchona,  but  these  preparations  did  not  come  up  to  first  anticipations, 
and  at  the  present  time  practically  the  only  dialyzed  preparation  used 
to  any  'extent  in  pharmacy  is  dialyzed  iron,  which  is  a  colloidal 
preparation.     (See  p.  564.) 

In  chemistry  dialysis  is  of  some  value  in  the  separation  of  crys- 
talloidal  substances  from  obnoxious  colloidal  matter.  This  is  par- 
ticularly the  case  in  toxicologic  examinations,  when  searching  for 
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alkaloidal  poisons;  the  latter  can  be  separated  from  the  stomach- 
contents  by  throwing  the  matter  on  a  dialyzer  and  evaporating  down 
the  erystalloidal  liquid.  Even  in  this  case,  however,  the  application 
is  somewhat  limited  because  too  slow,  and  other  methods  of  separa- 
tion are  usually  employed. 


CHAPTER  X 
EXTRACTION 


Under  the  head  of  Extraction  are  grouped  the  processes  in  which 
the  active  and  soluble  constituents  of  a  drug  are  separated  from  the 
inert  insoluble  portion  by  the  use  of  an  appropriate  solvent.  These 
processes  comprise  maceration  and  expression,  percolation,  digestion," 
infusion,  decoction. 

In  order  to  understand  the  principle  underlying  the  process  of 
extraction  it  is  necessary  to  appreciate  the  structure  of  the  ordinary 
vegetable  drug.  Any  drug  representing  a  plant  part  is  comprised 
of  a  collection  of  cells,  lately  living  or  long  dead,  each  one  of  which 
possesses  a  wall  of  more  or  less  thickness,  this  wall  consisting  of  some 
variety  of  cellulose,  possibly  lignin  or  suberous,  corky  tissue.  This 
cell-wall  is  an  insoluble  thick  envelop,  scarcely  permeable  to  liquid, 
while  the  active  principles  which  we  seek  are  generally  found  in  the 
orifice  encircled  by  the  wall.  To  get  the  solvent  in  direct  contact 
with  the  soluble  constituents  within  the  cell  it  is  necessary  that  the 
cell-wall  be  ruptured,  hence  in  extraction  we  must  first  comminute 
the  drug.  The  cells  in  some  drugs  are  larger  than  others,  hence  some 
drugs  are  directed  to  be  powdered  more  finely  than  others  in  various 
pharmaceutic  processes,  the  aim  of  the  pharmacopoeia  being  to 
reduce  the  powder  to  a  fineness  sufficient  to  insure  the  breaking  of 
every  individual  cell. 

The  quantity  of  cell-wall,  as  compared  to  the  amount  of  constit- 
uents, is  usually  many  times  greater.  Thus,  for  example,_in  cinchona 
bark  we  find  that  but  5  per  cent,  of  the  total  amount  is  alkaloids, 
and  no  more  than  30  per  cent,  of  the  whole  is  soluble  matter.  There- 
fore the  primitive  method  of  administering  the  crude  drug  in  powdered 
form  meant  the  consumption,  by  the  patient,  of  a  large  amount  of 
not  merely  inert,  but  indigestible  woody  tissue,  in  order  to  get  a  srnall 
amount  of  medicament.  To  obviate  the  necessity  of  administering 
this  large  quantity  of  inert  matter  is  the  prime  object  of  extraction, 
and  in  each  case  cited  above  it  is  accomplished  by  .treating  the  drug 
with  an  appropriate  solvent,  and  the  removal,  by  solution,  of  the 
useful  principles  from  the  inert  insoluble  residue. 

MACERATION 

Maceration  is  the  process  of  removing  the  active  principles  from 
a  drug  by  allowing  the  latter  to  remain  in  contact  with  the  solvent 
several  days,  with  frequent  agitation. 
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Roughly  stated,  maceration  consists  of  reducing  the  drug  to 
appropriate  fineness  of  powder,  placing  same  in  a  suitable  bottle, 
pouring  on  the  solvent,  which  is  called  menstruum  in  all  cases  of 
extraction,  and  letting  the  mixture  stand  for  a  week,  shaking  at 
frequent  intervals.  The  solution  is  then  removed  from  the  inert 
matter  by  filtration  or  straining,  and  the  yield  of  filtrate  increased 
by  subjecting  the  residue  to  expression. 

The  process  of  maceration  is  a  favorite  method  of  extraction  in 
most  European  countries.  In  America  maceration  is  used  only 
where  percolation  is  precluded,  and  it  is,  therefore,  limited  to  the  few 
drugs  the  gummy  or  viscid  character  of  which  would  cause  a  clogging 
of  a  percolator.  The  German  Pharmacopoeia  directs  maceration 
exclusively  in  the  manufacture  of  tinctures,  and  even  in  this  country 
some  of  the  older  pharmacists  still  cling  to  the  process  of  maceration 
in  the  preparation  of  a  large  number  of  tinctures,  the  advantages 
they  claim  for  maceration  being,  first,  that  the  drug  need  not  be  pow- 
dered as  finely  as  in  the  case  of  percolation,  second,  that  the  process 
requires  less  skill  than  does  percolation,  and  hence  requires  less  care 
in  manipulation,  and,  third,  that  in  the  process  of  maceration  there 
is  less  loss  of  alcoholic  menstruum  than  in  making  the  same  prepara- 
tion by  percolation. 

The  latter  is  practically  the  only  advantage  possessed  by  macera- 
tion over  percolation,  the  other  questions  not  being  worthy  of  attention 
of  the  intelligent  and  educated  pharmacist. 

In  large  quantities  of  a  preparation  made  by  maceration,  say, 
gallon  lots,  the  shaking  of  the  bottle  containing  the  drug  and  men- 
struum is  a  laborious  task,  and  since  the  shaking  is  merely  to  bring 
all  portions  of  the  solvent  in  contact  with  the  drug,  and  as  the  same 
result  can  be  obtained  by  the  process  of  circulatory  solution  (p.  121), 
this  method  can  be  employed  in  the  maceration  of  tinctures,  the 
ground  drug  being  placed  in  a  cloth  bag  and  suspended  directly  below 
the  surface  of  the  solvent. 

As  nientioned  above,  the  inert  residue  remaining  after  maceration 
(which  is  called_  the  marc)  is  impregnated  with  the  same  strength 
of  tincture,  and  in  filtering  off  a  macerated  tincture — say,  of  arnica — 
the  residue  on  the  filter  is  not  wet  with  alcohol,  but  with  full  strength 
tincture.  Hence,  it  can  be  seen  that  the  process,  even  at  its  best, 
is  wasteful;  that  the  drug  is  never  completely  exhausted  of  its  active 
principles,  and  the  less  care  used,  the  more  waste  there  is  to  the 
process.  The  waste  is  partly  obviated  by  "squeezing  the  dregs," 
as  we  commonly  say;  by  expressing  the  residue. 

EXPRESSION 

This  is  the  process  of  removing  the  liquid  from  a  moist  mass  by 
the  use  of  pressure,  one  of  the  best  illustrations  of  the  application  of 
expression  being  in  the  removal  of  the  remaining  tincture  from  the 
marc. 

Apparatus. — Many  forms  of  presses  have  been  devised,'  each 
adapted  for  some  special  phase  of  expression. 

All  forms  of  presses,  with  the  exception  of  forcible  straining  ap- 
paratus and  the  enterprise  screw  press,  consist  of  two  plates  between 
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which  the  substance  is  placed,  and  which  are  made  to  approach  each 
other  by  means  of  lever,  screw,  or  some  other  mechanical  power. 

Important  in  the  process  of  ex- 
pression is  the  straining  of  the  ex- 
pressed liquid  through  suitable  cloth. 
We,  therefore,  usually  inclose  the 
mass  to  be  expressed  in  a  bag  of 
stout  cloth  (press  cloth)  before  plac- 
ing it  in  the  press. 

Such  press  cloth  (strong  toweling 
will  do)  can  be  used  directly  for  ex- 
pression, as  already  explained  under 
Forcible  Straining  (p.  127). 


Fig.  147. — Tincture  press. 


Fig.  148. — Enterprise  press  (opened). 


The  spiral  twist  press  is  based  on  this  principle,  but  is  entirely^ 
useless  in  pharmacy,  hence  its  bare  mention  will  suffice. 

Other  forms  of  presses 
of  little  pharmaceutic  value, 
but  used  in  other  tech- 
nical lines,  are  the  wedge 
press,  the  roller  press,  which 


Fig.  149. — Enterprise  press. 


Fig.  150. — Hydraulic  press 
(schematic). 


operates  on  the  same  principle  as  the  roller  clothes-wringer,  and  Is 
seen  in  its  form  of  highest  perfection  in  the  rollers  used  for  expressing 
the  juice  from  the  sugar-cane,  and  the  hand-lever  press,  in  which  the 
upper  plate  is  pressed  down  upon  the  lower  plate  by  means  of  a  lever. 
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In  modern  pharmacy  expression  is  performed  with  the  screw  press 
or  tincture  press  (Fig.  147),  in  which  the  moist  mass  is  subjected  to 
pressure  between  two  steel  plates,  the  upper  one  operating  on  a  screw, 
such  as  is  seen  in  the  ordinary  letter-press.  A  very  striking  modifica- 
tion of  the  screw  press  is  the  Enterprise  press,  which  will  best  be  under- 
stood by  an  examination  of  Figs,  148  and  149. 
Of  great  value  and  increasing  popularity  is  the 
hydraulic  press,  the  only  objection  to  which  is  its 
initial  cost.  This  is  constructed  on  that  principle 
of  hydrostatics  which  asserts  that  if  a  liquid  be 
in  communicating  tubes, — one  larger  than  the 
other, — any  pressure  on  the  surface  of  the  liquid 
in  the  smaller  tube  will  be  exerted  on  the  surface 
of  the  liquid  in  the  larger  tube  in  exact  proportion 
to  the  relative  size  of  the  two  tubes.  This  can  be 
explained  more  clearly  as  illustrated  in  Fig,  150, 
Suppose,  in  this  sketch,  that  the  area  of  the  cylinder  A  is  1  square 
inch,  and  that  of  cylinder  B  is  10  square  inches;  then,  if  we  exert  a 
force  of  1  pound  on  piston  "a,"  we  will  get  a  force  of  10  pounds  on 
piston  "b."  By  using  a  lever  on  piston  "a"  we  can  so  multiply  the 
force  that  a  pressure  of  10  pounds  on  the  handle  of  the  lever  connected 
with  piston  "a"  can  readily  exert  the  pressure  of  1000  pounds  on 


Fig.  151. — Hydraulic 
press. 


Fig.  152. — Centrifugal  extractor. 


Fig.  153. — Urinary  centrifuge. 


piston  "6";  hence  the  great  value  of  the  hydraulic  press,  with  which 
comparatively  little  power  can  be  concentrated  into  enormous  pressure. 
An  interesting  form  of  removal  of  liquid  from  a  moist  mass  without 
the  aid  of  a  press  is  the  operation  of  the  centrifugal  machine,  in  which 
case  the  moist  mass  is  placed  in  a  perforated  cylinder,  which  revolves 
in  a  large  cylinder  with  velocity  great  enough  to  cause  practically 
all  traces  of  the  liquid  to  be  thrown  out  of  the  inner  into  the  outer 
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cylinder  (Fig.  152).  By  means  of  such  a  centrifugal  press  200  or  300 
pounds  of  moist  sugar  can  be  centrifuged  to  almost  dryness  in  the 
space  of  five  or  ten  minutes.  A  modern  application  of  the  centrifugal 
machinery,  totally  different  from  expression,  is  the  well-known 
centrifugal  sedimenter,  for  the  precipitation  of  blood  and  of  urinary 
sediment  (Fig.  153). 

PERCOLATION 

Percolation  is  the  process  of  depriving  a  drug  of  its  soluble  con- 
stituents by  passage  of  a  solvent  through  the  powder  contained  in  a 
suitable  vessel.  The  solvent  in  this  case  is  called  the  menstruum, 
the  vessel  is  called  the  percolator,  and  the  solution  of  active  principles 
emerging  from  the  percolator  is  called  the  percolate. 

There  is  no  exaggeration  in  saying  that  percolation  is  a  distinctive 
American  process.  Although  the  forerunner  of  percolation — lixivia- 
tion — was  used  in  extracting  lye  from  ashes  long  before  America  was 
discovered;  although  the  first  pharmaceutical  application  was  made 
by  Count  Real,  a  Frenchman;  to  Americans  is  due  the  credit  of 
bringing  the  process  to  its  present  stage  of  perfection.  Introduced 
in  the  pharmacopoeia  of  1840  in  the  preparation  of  a  few  tinctures, 
it  has  so  grown  into  favor  that  it  is  now  employed  in  the  manufacture 
of  almost  all  the  tinctures  and  fluidextracts  of  the  present  pharma- 
copoeia, besides  being  employed  in  preparing  wines,  vinegars,  oleoresins, 
and  extracts.  Foreign  countries  have  not  taken  kindly  to  the  process, 
and  in  the  German  Pharmacopoeia  of  to-day  maceration  is  largely 
used  in  preference.  However,  percolation  is  beginning  to  attract  the 
attention  of  the  Germans,  and  it  was  amusing  to  note,  a  few  years 
since,  in  a  leading  German  pharmaceutic  journal,  a  long  account  of 
what  was  called  "a  new  process  called  percolation." 

Principle  of  Operation. — Careful  study  of  the  definition  of  per- 
colation will  show  that  in  the  process  advantage  is  taken  of  the 
attraction  of  gravitation,  for  it  is  hardly  necessary  to  say  that  a  liquid 
poured  on  top  of  a  powder  contained  in  a  suitable  utensil  will  gradually 
penetrate  that  powder  in  a  downward  direction,  and  if  there  is  an 
orifice  in  the  bottom  of  the  vessel,  the  descending  liquid  will  emerge 
from  the  vessel,  being  attracted  by  gravity  toward  the  center  of  the 
earth.  This  downward  force  of  gravitation  is  aided  by  another  force, 
merely  a  modification  of  the  former,  namely,  the  weight  of  the  column 
of  liquid  above  the  powder.  Mention  of  the  latter  is  made  here  merely 
because  the  downward  force  varies  according  to  the  height  of  the 
column  of  liquid,  whereas  the  force  of  gravitation  remains  unchanged. 
If  this  combined  action  of  gravitation  was  the  only  force  coming  into 
operation,  the  process  would  be  a  simple  one.  However,  there  is 
an  opposing  force  which  comes  into  play  during  the  process  of  per- 
colation, namely,  the  upward  force  of  capillarity. 

The  term  capillarity  comes  from  the  Latin  term  ''capilla,"  meaning 
hair,  because  it  was  first  observed  that  in  every  narrow,  hair-like 
tube  liquid  was  drawn  up  by  the  cohesive  power  of  the  walls  of  the 
tube,  and,  as  already  explained,  to  this  same  force  is  due  the  appear- 
ance of  the  meniscus  (p.  46).  All  bodies  possessing  orifices  more  or 
less  narrow  have  this  property  of  drawing  up  liquids  by  their  own 
cohesive  force,  and  such  is  eminently  the  case  with  most  vegetable 
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drugs,  since,  as  is  mentioned  above,  they  consist  of  a  mass  of  cells, 
each  cell  consisting  of  an  orifice  of  more  or  less  fineness,  surrounded 
by  a  cell-wall.  In  other  words,  cells  can  be  compared  to  long  sealed 
tubes,  and  when  the  cells  are  broken  by  powdering,  we  have  a  vast 
mass  of  tubes,  each  possessing  capillary  attraction.  This  capillarity 
explains  why  a  so-called  porous  substance,  for  example,  a  sponge, 
will  absorb  so  much  more  water  than  a  non-porous  substance,  such 
as  sand. 

To  get  back  to  percolation,  besides  the  force  of  gravity  and  its 
modifications,  the  pressure  of  the  column  of  liquid  above,  forcing 
the  solvent  downward  through  the  drug,  we  have  at  the  same  time 
the  capillarity  of  the  cells  of  the  drug  attracting  the  menstruum 
in  the  opposite  direction.  The  moment  the  solution  commences  to 
emerge  from  the  vessel,  the  capillary  attraction  of  the  cells  tends 
to  keep  the  liquid  within  the  substance;  therefore,  acting  against  the 
force  of  gravity.  Experience  shows  that  the  capillary  force  of  the  drug 
is  usually  greater  than  the  simple  gravitating  force  of  the  earth,  for 
unless  the  gravitating  force  of  the  earth  is  reinforced  by  the  height 
of  the  column  of  liquid  above  the  powder,  the  liquid  ceases  to  drop 
from  the  percolator.  As  the  liquid  passes  through  the  drug  on  its 
downward  course  it  penetrates  the  interior  of  each  cell  (provided  the 
substance  is  in  fine  enough  powder)  and  removes  from  the  same  the 
soluble  constituents.  Passing  from  one  series  it  penetrates  the  next 
tier  of  cells,  and,  taking  up  more  active  principle,  such  solution 
continues  until  the  solvent  is  saturated  with  the  soluble  principles 
of  the  drug.  When  once  a  saturated  solution,  it  mechanically  passes 
through  the  rest  of  the  drug,  and  finally  emerges  from  the  orifice  at 
the  bottom  of  the  percolator,  providing  always  that  there  is  a  sufficient 
column  of  the  liquid  to  force  it  down.  Its  passage  is  followed  by  a 
fresh  portion  of  the  solvent,  which  passes  through  the  same  cells 
which  it  has  formerly  penetrated,  removing  the  last  vestiges  of  soluble 
matter,  and  finally  emerging  from  the  percolator  also  a  saturated 
solution.  In  this  way  menstruum  is  continually  poured  on  until 
the  cells  have  been  so  completely  exhausted  of  their  soluble  con- 
stituents that  the  final  portion  of  the  menstruum  comes  through 
devoid  of  color  and  taste,  whereupon  the  drug  is  said  to  be  exhausted. 

The  great  advantage  percolation  possesses  over  maceration  is  in 
the  fact  that,  by  means  of  percolation,  we  are  enabled  completely  to 
remove  every  trace  of  soluble  matter  from  a  drug,  inasmuch  as  the 
saturated  solvent  does  not  remain  in  contact  with  the  drug  (if  the 
menstruum  column  is  maintained),  but  passes  from  it,  being  followed 
by  a  fresh  portion  of  solvent,  which  removes  the  remainder  of  the 
soluble  principle. 

Apparatus. — The  utensil  in  which  the  drug  is  packed  is  called  a 
percolator,  and  consists  of  a  suitable  cylindric  vessel  of  metal  or  glass, 
provided  with  an  orifice  at  the  bottom.  In  selecting  a  percolator  those 
of  glass  should  be  chosen  when  possible,  metal  percolators  having 
the  double  disadvantage  of  being  more  easily  attacked  by  acid  or 
other  substance  which  the  menstruum  or  drug  may  contain  and  also 
the  fact  that  their  opacity  prevents  watching  the  operation.  Of  course, 
however,  there  are  certain  limits  to  the  size  of  a  glass  percolator,  the 
writer's  experience  being  that  the  use  of  a  glass  percolator  larger  than 
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two  gallons  is  an  expensive  luxury,  inasmuch  as  such  are  costly  and 
are  quite  liable  to  break.  Above  two  gallons,  recourse  was  had  to  the 
galvanized  iron  percolator  or  the  well  tube  percolator,  in  which  the 
container  is  an  earthenware  crock. 

Shape  of  Percolators. — The  simplest  form  of  percolator  is  the  conic 
(Fig.  154),  consisting  of  an  ordinary  chemical  funnel.  This,  however, 
offers  too  great  a  width  of  surface  for  the  menstruum, 
which,  therefore,  has  a  correspondingly  smaller  course 
to  travel  before  emerging  from  the  bottom  of  the  per- 
colator, and,  therefore,  the  familiar  tapering  percolator 
came  into  use  (Fig.  155).  At  the  present  time  the 
Oldberg  cylindric  percolator  (Fig.  156)  is  very  popular, 
for  by  means  of  it  we  are  able  to  exhaust  a  drug  far 
more  thoroughly  than  in  either  a  tapering  or  a  conic 
percolator,  from  the  simple  fact  that  each  portion  of 
menstruum  has  to  travel  through  a  larger  amount  of 
the   drug  before   emerging    from    the    percolator.      A     ^ 


Fig.  154. — Conic  percolator. 


Fig.  155. — Tapering 
percolator. 


Fig.  156.— Oldberg 
percolator. 


Fig.  157.— 
Soxhlet  ex- 
tracting 
paratus. 


ap- 


variety  of  percolator  used  exclusively  in  chemistry  is  the  Soxhlet 
condenser  (Fig.  157). 

The  saturated  solution,  when  emerging  from  the  percolator,  is 
called  the  percolate,  and,  of  course,  this  must  be  collected  in  an  appro- 
priate vessel.  For  this  purpose  a  wide-mouthed  bottle,  the  receiving 
bottle,  is  usually  employed.  Elaborate  forms  of  receiving  bottles 
are  on  the  market  in  which  the  graduations  are  engraved  upon  the 
glass.  These,  while  presenting  an  elegant  appearance,  are  scarcely 
necessary,  as  the  pharmacist  has  many  wide-mouthed  bottles  at 
his  disposal,  and  he  can  usually  graduate  same  by  pouring  in  definite 
quantities  of  liquid  from  an  accurate  graduate,  and  marking  amount 
by  cutting  with  a  file  or  on  a  strip  of  paper  pasted  along  the  length 
of  the  bottle  (marking  same  with  ink).  The  percolator  must  be 
supported  on  an  appropriate  stand,  and  for  this  purpose  nothing 
can  be  better  than  the  retort  stand  pictured  in  Fig.  77,  it  being 
always  understood,  however,  that  the  glass  percolator  must  never 
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Fig.  158. — Correct  percolation. 


come  in  contant  with  the  iron  ring,  being  protected  from  the  same 
by  covering  the  ring  with  paper  or  cloth  (Fig.  158). 

When  large  amounts  of  percolation  are  being  carried  on,  special 
percolating  stands    have    been  devised;  such,   for  example,   is  the 

Shinn  percolating  closet  and  the  Rem- 
ington percolating  shelf  ("Am.  Jour. 
Pharm.,"  1877,  p.  589). 

Operation. — The  process  of  percolation 
may  be  divided  under  the  following  head- 
ings: Comminution  of  the  drug;  moisten- 
ing the  same;  packing  in  percolator  (with 
maceration  either  before  or  after  packing) ; 
pouring  on  the  menstruum  and  collecting 
percolate  until  exhausted. 

Comminution. — Before  percolating  the 
drug  it  is  essential  that  it  be  reduced  to 
particles  of  more  or  less  fineness,  for  the 
same  reason  that  we  comminute  drugs 
before  solution.  As  mentioned  above, 
in  percolation  it  is  essential  that  the  drug 
be  ground  sufficiently  fine  to  rupture  all 
the  cells  of  which  it  is  composed,  and  this  degree  of  fineness  is 
dependent  upon  the  structure  of  the  drug,  those  drugs  having 
small  cells  calling  for  a  finer  degree  of  comminution  than  those 
in  which  the  cells  are  large.  Thus,  nux  vomica  must  be  powdered 
very  finely,  whereas  in  gentian  the  cells  are  large  and  a  coarse  powder 
can  be  utilized.  This  explains  why  the  pharmacopoeia  directs  various 
degrees  of  fineness  for  the  powders  used  in  percolation.  Another 
point  regarding  comminution  of  the  drug  is  the  rapidity  or  complete- 
ness of  exhaustion.  Thus,  in  percolating  fluidextracts  it  is  usually 
desirable  to  exhaust  the  drug  with  less  menstruum  than  in  preparing 
tinctures  from  the  same  drug,  and  in  order  to  do  this  the  drug  used  in 
percolating  a  fluidextract  is  generally  directed  to  be  in  finer  powder 
than  that  used  in  making  the  tincture.  The  powdering  of  the  drug 
is  accomplished  by  those  methods  of  comminution  described  in 
Chapter  VI.  best  serving  the  particular  purpose,  the  main  requirement 
being  that  the  drug  used  in  percolation  be  of  uniform  fineness. 

Moistening  of  the  Drug. — Before  packing  the  drug  in  the  percolator 
it  is  directed  to  be  moistened  with  menstruum,  this  being  done 
because,  when  the  drug  comes  in  contact  with  the  menstruum,  the 
compressed  dried  cells  are  swollen  to  their  normal  size,  and  if  this 
swelling  occurred  within  the  percolator,  it  would  cause  sufficient 
expansion  to  cause  a  stoppage  of  the  operation. 

This  moistening  is  accomplished  by  placing  the  drug  in  a  suitable 
container,  preferably  of  porcelain  or  stoneware,  adding  the  required 
quantity  of  menstruum,  and  mixing  same  thoroughly  with  the  drug 
by  stirring  with  a  wooden  paddle.  After  being  moistened  it  should 
be  allowed  to  remain  for  half  an  hour  in  order  to  complete  the  swelling, 
thereupon  the  pharmacopoeia  directs  the  moist  drug  to  be  passed 
through  a  coarse  sieve,  thus  making  the  product  into  a  coarser  granular 
powder,  ready  for  packing. 

Packing  the  Drug. — To  receive  this  granular  powder  the  clean  and 
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absolutely  dry  percolator  is  prepared  by  placing  in  its  neck  a  plug  of 
absorbent  cotton,  followed  by  a  layer  of  clean  dry  sand.  This  latter 
precaution  is  directed  by  the  pharmacopoeia,  both  for  the  purpose  of 
filtration  and  also  to  hold  the  plug  of  cotton  in  place.  Many  careful 
pharmacists,  however,  omit  the  sand  as  an  unnecessary  detail.  Upon 
this  sand  the  granulated  powder  is  poured  in  comparatively  small 
quantities,  the  usual  rule  being  to  place  in  the  percolator  about  one- 
fourth  at  a  time,  and  each  fourth  is  carefully  and  firmly  packed  before 
the  next  portion  is  added.  The  packing  is  accomplished  by  means 
of  a  wooden  plunger,  and  for  this  purpose  a  piece  of  wood  will  suffice, 
there  being  nothing  better  than  a  wooden  potato-masher.  The 
packing  of  the  drug  is  a  matter  of  skill,  and  in  order  to  do  it  success- 
fully it  is  necessary  to  know  the  character  of  the  drug  and  the  men- 
struum. Drugs  in  finer  powder  are  not,  as  a  rule,  packed  so  tightly 
as  those  of  coarser  powders,  but  the  supreme  test  of  the  correct 
packing  is  the  rapidity  of  the  flow  of  the  percolate.  If  the  drug  is 
packed  too  tightly,  the  percolate  drops  too  slowly,  and  if  too  loosely, 
the  percolate  runs  so  rapidly  as  not  fairly  to  exhaust  the  drug;  there- 
fore, packing  must  be  put  down  as  chiefly  a  matter  of  experience. 
The  nature  of  the  menstruum  also  has  an  influence  on  the  packing 
of  the  percolator.  If  the  menstruum  is  pure  alcohol,  the  drug  can 
generally  be  packed  more  tightly  than  if  it  consists  of  water,  and  if 
glycerin  is  present  in  the  menstruum,  care  should  be  taken  not  to 
pack  the  drug  too  tightly.  It  is  hardly  necessary  to  say  that  in 
packing  the  drug  the  pressure  should  be  equal  on  all  sides  of  the 
powder.  If  the  drug  on  one  side  of  the  percolator  is  packed  more 
loosely  than  on  the  other,  it  stands  to  reason  that  the  menstruum 
will  choose  the  easiest  possible 
way  and  will  run  down  the 
looser  side,  and,  therefore,  the 
drug  will  be  incompletely  ex- 
hausted. 

All  the  drug  being  packed 
in  the  percolator,  there  is  care- 
fully placed  above  it  a  sheet  of 
filter-paper  which  is  held  in 
place  by  a  glass  weight,  any 
unused  glass  stopper  answering 
the  purpose.  The  object  of  the 
paper  is  to  prevent  the  disturb- 
ance of  the  powder  when  the 
menstruum  is  poured  in,  the 
force  of  the  fall  of  the  liquid 
being  apt  to  cause  the  rising  of 
the  powder  to  the  surface  of  the 
menstruum. 

Instead  of  filter-paper,  the  writer  found  very  convenient  disks 
of  ordinary  clean  Manila  card-board,  made  from  one  of  the  many 
rejected  paste-board  boxes  found  in  every  drug-store.  These  disks, 
perforated  by  the  point  of  a  file,  when  just  the  size  to  fit  snugly  above 
the  drug  within  the  percolator,  required  no  weight  to  keep  them 
down. 


Fig.  159. — a,    Improper    packing;    b,  proper 
packing. 
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Whether  the  drug  has  been  packed  evenly  on  all  sides  is  shown 
by  the  descent  of  the  first  menstruum,  which  should  go  down  in  a 
perfectly  even  ring,  as  shown  in  Fig.  159,  h. 

After  the  drug  is  packed  in  the  percolator  and  enough  menstruum 
has  been  poured  in  fully  to  penetrate  the  drug  and  to  begin  dropping 
from  the  percolator,  the  lower  orifice  is  closed  and  the  drug  is  directed 
by  the  pharmacopoeia  to  macerate  within  the  percolator  for  a  period 
ranging  from  twelve  to  forty-eight  hours.  Many  prefer  to  macerate 
the  drug  for  a  period  of  twenty-four  to  forty-eight  hours  before 
packing  in  a  percolator,  as  in  this  case  the  maceration  can  be  con- 
ducted in  an  absolutely  closed  vessel  or  a  well-stojjpered  bottle. 

Adding  Menstruum, — The  menstruum  is,  as  mentioned  above, 
the  solvent  used  for  extracting  the  active  principles  of  the  drug. 
The  various  menstrua  directed  by  the  pharmacopoeia  for  different 
drugs  have  been  carefully  selected  with  a  view  to  using  the  particular 
solvent  best  adapted  easily  and  speedily  to  remove  the  active 
principles  of  the  drug  under  consideration.  In  some  cases,  however, 
the  pharmacopceial  committee  has  been  guided  by  practical  commer- 
cial considerations,  the  rule  being  to  choose  as  menstruum  the  cheapest 
solvent  that  will  fully  answer  the  purpose.  Understanding  this  fact, 
the  pharmacist  should  carefully  follow  the  pharmacopceial  instructions, 
appreciating  that  when  the  United  States  Pharmacopoeia  directs 
strong  alcohol,  it  is  because  a  weaker  alcoholic  menstruum  will  not 
answer  the  purpose. 

Usually  the  menstrua  used  in  percolation  are  of  various  mixtures 
of  alcohol  and  water;  occasionally  glycerin  is  directed  to  be  added 
to  the  menstruum,  this  usually  in  cases  of  drugs  containing  large 
quantities  of  tannin.  In  the  same  way  ammonia  water  is  added  to 
the  menstruum  in  preparations  of  licorice,  and  ammonia  or  other 
alkalis  for  drugs  containing  pectin,  while  acids  are  used  in  the  men- 
strua for  drugs  containing  volatile  alkaloids,  such  as  conium,  ergot, 
etc. 

Not  all  percolates  are  made  with  alcoholic  menstrua;  for  example, 
some  official  infusions  are  made  by  percolation  of  the  drug  with  water 
— infusion  of  cinchona  (U.  S.  P.  1890)  with  water  plus  aromatic  sul- 
phuric acid,  and  infusion  of  wild-cherry  (U.  S.  P.  VIII.)  with  cold  water. 

Again,  stronger  white  wine  is  used  as  a  menstruum  in  the  prepara- 
tion of  percolated  wines  of  the  pharmacopoeia  of  1890.  Dilute  acetic 
acid  is  used  in  those  vinegars  made  by  percolation,  while  oleoresins 
are  made  by  percolating  the  drugs  with  acetone. 

The  Percolation. — The  proper  menstruum  is  poured  upon  the 
filter-paper  above  the  powdered  drug  in  the  percolator,  care  being 
taken  to  pour  it  so  as  not  to  cause  the  floating  of  the  paper.  As  the 
menstruum  passes  down  through  the  drug,  more  is  added  to  take  its 
place,  it  being  an  unvaried  rule  that  there  should  always  be  maintained 
a  layer  of  menstruum  above  the  surface  of  the  drug,  for,  if  the  drug 
is  exposed  to  the  air,  evaporation  takes  place  from  its  surface,  and 
fissures  occur  through  which  the  menstruum  added  afterward  will  run, 
instead  of  through  the  entire  surface  of  the  drug.  In  order  to  keep 
a  sufficient  quantity  of  menstruum  upon  the  surface  of  the  drug, 
recourse  is  had  to  continuous  percolation  by  inverting  the  menstruum 
bottle  within  the  percolator  in  the  same  manner  as  suggested  in  con- 
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tinuous  filtration  (Fig.  160).  The  menstruum  poured  in  and  passing 
through  the  drug  should  emerge  from  the  percolator  slowly  and  stead- 
ily, the  rapidity  being  dependent  entirely  upon  the  quantity  of  the 
drug  being  manipulated;  thus  the  last  pharmacopoeia  directs  a  flow  of 
two  to  five  drops  a  minute  in  percolating  1000  grammes  of  drug  for 
fluidextract,  while  for  tinctures  the  flow  is  to  be  eight  to  fifteen  drops 
a  minute.  It  is  needless  to  say,  however,  that  this  standard  would 
be  absurd  if  we  were  percolating  200  pounds 
of  a  drug  and  expecting,  say,  100  gallons  of 
the  percolate. 

In  most  operations  in  retail  pharmacy, 
however,  in  which  we  deal  with  200  to  1000 
Cc.  of  menstruum,  the  speed  given  above 
may  be  maintained,  and  a  skilful  operator 
aims  to  so  pack  his  drug  as  regularly  to  at- 
tain this  speed,  and  after  some  practice  usu- 
ally learns  the  art.  In  order,  however,  to 
insure  the  speed  of  percolation  directed,  the 
pharmacopoeia  directs  that  the  lower  orifice 
of  the  percolator  be  closed  with  a  cork 
through  the  perforation  of  which  passes  a 
glass  tube  which  is  fitted  with  a  rubber  tube, 
at  least  as  long  as  the  percolator  and  termi- 
nating with  a  second  glass  tube  bent  in  the 
form  of  a  "V."  When  the  rubber  tube  is 
raised  so  that  the  outlet  is  above  the  surface 
of  the  menstruum  in  the  percolator,  it  fol- 
lows that  no  liquid  will  run  out,  whereas  if 
it  is  lowered  to  its  greatest  depth,  the  liquid 
will  run  out  very  rapidly,  and,  by  raising  or 
lowering  the  tube  to  its  greatest  height  or 
greatest  depth,  the  rapidity  of  the  percola- 
tion can  be  regulated  to  a  nicety.  If  it  is 
desired  to  close  the  tube  completely,  a  pinch-cock  (p.  99)  can  be 
used,  although  if  the  tube  is  of  sufficient  length,  this  is  scarcely 
necessary. 

In  practice,  the  rubber  tubing  is  not  so  convenient  as  it  seems  at 
first  blush,  as  the  several  joints  of  the  cork,  the  glass  tube,  and  the 
rubber  tube  fittings  are  apt  to  leak  unless  very  carefully  prepared, 
making  an  unsightly  and  dirty  process.  If,  therefore,  the  percolating 
tube  is  used,  care  should  always  be  taken  before  percolation  to  see 
that  the  cork  and  rubber  tubes  do  not  leak  by  pouring  water  into  the 
empty  percolator,  raising  the  tube  to  its  greatest  height,  and  allowing 
it  to  stand  in  that  way  for  some  time. 

Many  pharmacists  omit  the  use  of  the  rubber  tube,  substituting 
therefore  an  ordinary  cork  with  notches  in  the  side,  which  do  not 
extend  through  the  entire  length.  If  the  percolation  is  desired  to 
be  stopped,  the  cork  is  pushed  up  into  the  neck  beyond  the  notch, 
when  an  absolutely  water-tight  fitting  occurs.  When  the  flow  is 
desired,  the  cork  is  loosened  so  as  to  allow  a  part  of  the  notch  to  be 
beyond  the  neck  of  the  percolator,  leaving  a  tiny  orifice  through 
which  the  liquid  can  be  dropped.  This  scheme  is  usually  satisfactory, 
11 


Fig.  160. — Continuous  perco- 
lation. 
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although  the  tightening  and  loosening  of  the  cork  during  the  process 
of  percolation  are  apt  to  be  untidy.  Far  better,  therefore,  is  the  use 
of  a  metal  sprinkler  top,  such  as  is  used  for  tooth-wash  bottles. 

Finishing  Percolation. — By  making  preparations  by  percolation 
it  is  generally  intended  that  the  percolation  be  continued  until  the 
drug  is  exhausted,  the  word  meaning  in  this  case  the  removal  from 
the  drug  of  all  its  soluble  constituents.  There  are  several  ways  of 
proving  the  practical  exhaustion  of  a  drug,  for,  in  the  operation,  it  is 
usually  unnecessary  to  carry  on  percolation  to  the  extreme  point  of 
removing  every  particle  of  soluble  matter.  If  the  drug  is  a  bitter 
one,  we  generally  say  it  is  exhausted  when  the  percolate  comes  through 
no  longer  bitter,  even  though  it  may  be  still  impregnated  with  some 
of  the  coloring-matter  residing  in  the  drug,  the  latter  being  more 
tenacious  and  persistent  of  removal.  In  some  cases  the  bitterness 
is  so  great  that  a  large  amount  of  menstruum  will  be  necessary  before 
every  trace  of  bitterness  is  removed.  An  example  of  this  is  quassia, 
in  which  case  we  generally  consider  the  drug  exhausted  when  the  per- 
colate is  almost  free  from  bitterness. 

Tannin-bearing  drugs  are  usually  percolated  until  the  percolate 
is  free  from  astringency,  whereas  in  odorous  drugs  the  absence  of 
odor  from  the  percolate  announces  exhaustion. 

The  residue  left  after  percolation  or  maceration  is  called  the 
marc,  and  in  both  percolation  and  maceration  it  retains  a  considerable 
amount  of  moisture.  As  mentioned  under  Maceration,  in  the  latter 
case  the  moist  liquid  is  the  finished  full  strength  tincture,  and  this 
marc  should  always  be  expressed,  else  the  yield  of  tincture  will  be 
lessened.  In  percolation  the  marc  is  moist  with  the  menstruum, 
hence  there  is  no  loss  so  far  as  finished  tincture  is  concerned,  but  the 
loss  of  menstruum  is  excessive.  It,  therefore,  behooves  the  economic 
pharmacist  to  recover  the  alcohol  from  this  marc,  which  can  be  done 
by  the  process  of  steam  distillation.  During  the  writer's  experience 
in  practical  pharmacy  it  was  his  custom  to  keep  on  hand  a  number 
of  half-gallon  wide-mouthed  candy  jars,  securely  corked,  and  in 
these  he  threw  the  successive  batches  of  marc  at  the  end  of  every 
percolation.  When_  sufficient  quantity  had  accumulated  in  these 
bottles,  his  steam  distillation  apparatus  was  fitted  up,  the  tube  from 
the  boiler  fitted  into  the  candy  bottle,  and  steam  passed  through  and 
the  vapors  collected.  The  yield  of  alcoholic  distillate  more  than 
paid  for  the  fueTand  time  employed. 

This  process  is  found  more  convenient  and  efficacious  than  the 
ordinary  method  of  pouring  water  on  the  drug,  and  thus  forcing  the 
menstruum  out,  as  in  the  latter  case  the  addition  of  water  to  the 
starchy  matter  remaining  in  the  marc  is  apt  to  cause  a  swelling  of  the 
drug  and  subsequent  clogging  of  the  percolator. 

Modified  Percolators. — Under  Distillation  and  Comminution  we 
found  that  ingenuity  had  devised  many  special  apparatus  for  carrying 
on  both  operations,  and  the  same  also  holds  good  in  regard  to  perco- 
lation. 

Chief  among  these  improved  forms  of  percolators  must  be  men- 
tioned the  Squibb's  well  tube  percolator  (Fig.  161),  which  is  primarily 
designed  for  the  percolation  of  large  quantities  of  drug.  As  men- 
tioned above,  under  the  consideration  of  the  percolator  itself,  glass  or 
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earthenware  percolators  larger  than  two  gallons  are  inconvenient  to 
handle.  Therefore,  in  large  manufacturing  establishments  recourse 
is  had  to  either  huge  metal  percolators  or  to  percolators  made  of 
wood.  Metal  percolators  are  not  advisable,  for  acids  from  the  drug 
or  menstruum  may  attack  the  metal  and  render  the  product  liable  to 
contamination  by  metallic  contact,  while  wooden  percolators,  even 
if  unobjectionable  from  the  standpoint  of  contamination,  becoming 
saturated  from  contact  with  an  alcoholic  solution  of  a  certain  drug, 
can  be  used  for  the  percolation  of  that  drug  alone,  and,  therefore, 
in  their  use  a  separate  percolator  must  be  provided  for  each  drug 
desired  to  be  percolated.  The  chief  cause  of  the  frailty  of  glass  or 
earthenware  percolators  is  their  funnel  form,  which  also  increases 
their  cost.  Earthenware  crocks  with  flat  bottoms  can  be  obtained 
of  almost  any  size  and  for  prices  comparatively  low,  and,  possessing 
a  firm  foundation,  are  very  durable;  hence  the 
use  of  same  in  percolation  was  suggested  to 
the  fertile  mind  of  Dr.  Squibb,  whose  experi- 
ments brought  forth  the  well  tube  percolator, 
which  consists  of  an  earthenware  crock  with 
the  inside  bottom  fitted  with  a  sheet  of  felt 
for  filtering  purposes,  and  the  drug  packed 
therein  around  a  large  glass  tube.  If,  upon 
the  drug  so  packed,  menstruum  is  poured, 
it  percolates  through  to  the  felt,  then  rises 
in  the  interior  of  the  central   glass  tube  to 


Fig.  161. — Squibb's  well  tube  percolator. 


Fig.  162. — Economic  percolator. 


practically  the  same  height  as  it  is  on   the   outside,  following  the 
well-known  law  of  water  seeking  its  own  level. 

Now,  if  in  this  tube  is  placed  a  syphon,  the  liquid  within  the  well 
tube  can  be  drawn  off,  and  if  a  sufficient  quantity  of  menstruum  is 
kept  on  drug  outside  the  well  tube,  a  constant  level  can  be  maintained 
in  the  well  tube  ready  to  be  drawn  off  through  the  syphon.  In 
order  to  maintain  a  constant  flow  from  the  syphon  its  lower  end  must 
be  bent  up  as  shown  in  cut,  making  the  orifice  at  least  three-quarters 
of  an  inch  higher  than  the  orifice  of  the  short  arm.  If  this  precaution 
is  not  taken,  the  liquid  in  the  well  tube  is  syphoned  off  more  rapidly 
than  it  percolates,  emptying  the  syphon  immediately  (Fig.  161). 
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Among  the  other  forms  of  modified  percolators  are  the  various 
pressure  percolators,  such  as  Rosewater's  and  Berry's,  both  of  these 
being  based  on  the  principle  of  the  Real  percolating  press.  With 
these,  drugs  can  be  percolated  very  rapidly  and  quite  thoroughly. 

Volatile  Liquid  Percolators. — In  the  manufacture  of  oleoresins  by 
percolation  with  ether  care  must  be  taken  to  avoid  undue  evaporation 
of  the  volatile  solvent,  and  in  this  case  a  special  variety  of  percolator 
(Fig.  162)  has  been  suggested.  A  similar  volatile  liquid  percolator 
can  be  made  with  any  ordinary  percolator  by  fitting  the  lower  orifice 
of  the  percolator  with  a  cork,  through  which  passes  a  glass  tube, 
which  in  turn  passes  through  another  cork  tightly  fitted  into  the 
receiving  bottle  (Chap.  XV.).  Then  there  must  be  an  exit  for  the  air 
from  the  receiving  bottle,  hence  the  receiving  bottle  must  have  two 
orifices,  one  provided  with  a  glass  tube  connected  by  a  rubber  tube 
to  the  cork,  tightly  closing  the  top  of  the  percolator;  which  cork,  for 
convenience  sake,  is  usually  provided  with  a  second  orifice,  through 
which  passes  a  funnel  for  the  admission  of  the  solvent.  In  some 
works  the  use  of  the  rubber  tube  connecting  the  receiving  bottle  with 
the  top  of  the  percolator  is  objected  to  on  the  grounds  that  the  vapors 
of  ether  will  attack  the  rubber  of  this  tube,  hence  it  is  recommended 
that  the  outlet  tube  of  the  receiver  be  drawn  to  a  fine,  tapering  point, 
to  reduce  loss  of  evaporation  to  the  menstruum,  a  similar  tapering 
tube  being  fitted  in  the  cork  closing  the  top  of  the  percolator.  The 
author's  experience,  however,  has  shown  that  the  danger  of  destroying 
the  rubber  is  scarcely  worth  considering,  and  not  only  by  means  of 
such  rubber  tubing  is  the  loss  by  evaporation  reduced  to  the  minimum, 
but  a  steady  flow  of  air  from  the  receiving  bottle  to  the  top  of  the 
percolator  ensues. 

A  modification  of  a  volatile  liquid  percolator  was  used  by  the 
writer  in  a  long  series  of  experiments  in  ordinary  percolation,  from 
which  he  drew  the  conclusion  that  it  would  be  highly  profitable  to  use 
such  a  volatile  liquid  percolator  for  all  cases  of  percolation.  (''Pro- 
ceedings A.  Ph.  A.,"  vol.  xl,  p.  169.) 
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INTRODUCTION 


GALENIC  PHARMACEUTIC  PREPARATIONS 

Having  considered  all  the  processes  used  in  pharmacy,  we  are  now 
ready  to  study  the  application  of  these  in  the  manufacture  of  phar- 
maceutic preparations. 

For  convenience  in  teaching  we  group  pharmaceuticals  into 
two  classes — galenic  preparations  and  chemical  preparations.  Those 
preparations  in  the  manufacture  of  which  no  chemical  action  is 
involved  are  called  galenic,  after  Galen,  one  of  the  ancient  medical 
authorities,  while  chemical  preparations  are  those  in  which  a  chemical 
change  is  produced  during  process  of  manufacture. 

Already,  in  discussing  Solution  (p.  119),  attention  was  called  to 
the  fallacy  of  the  grouping  into  simple  and  chemical  solution,  from 
the  strictly  philosophic  standpoint;  yet,  at  the  same  time,  the  con- 
venience of  such  grouping  from  the  pharmaceutic  point  of  view  is 
readily  admitted. 

The  same  reasoning  applies  to  a  certain  extent  to  the  grouping  of 
pharmaceuticals  into  galenic  and  chemical  preparations,  for  many 
so-called  chemical  preparations  can  be  made  equally  well  by  the 
retail  pharmacist  by  purely  galenic  means.  Thus,  while  the  manu- 
facture of  syrup  of  hydriodic  acid  of  the  pharmacopoeia  of  1890 
involved  a  chemical  action,  the  recipe  of  the  present  pharmacopoeia 
consists  in  merely  mixing  diluted  hydriodic  acid  with  water  and  syrup. 
It  is  true  that  in  making  diluted  hydriodic  acid  (U.  S.  P.  VIII.)  the 
same  chemical  action  occurs  that  took  place  in  making  syrup  of 
hydriodic  acid  (U.  S.  P.  1890),  but  this  does  not  apply  as  far  as  the 
present  syrup  is  concerned,  it  being  just  as  much  a  galenic  as  is 
syrup  of  citric  acid. 

As  above  mentioned,  the  classification  of  pharmaceuticals  into 
galenic  and  chemical  preparations,  as  far  as  this  book  is  concerned, 
is  a  matter  of  convenience. 

It  would  be  manifestly  absurd  to  discuss  the  manufacture  of  a 
preparation  of  which  the  most  prominent  feature  is  a  chemical  reac- 
tion, before  considering  the  subject  of  chemistry  as  outlined  in 
Part  III. ;  hence  in  all  such  preparations  the  discussion  of  their  manu- 
facture will  be  deferred  until  Part  III.  is  reached,  and  the  only  mention 
of  them  in  this  division  will  be  the  grouping  of  them  under  the  heading 
Chemical  Preparations  in  the  list  of  officials  found  at  the  beginning 
of  the  discussion  of  each  group  of  oflBcial  pharmaceuticals. 
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The  groups  of  official  pharmaceuticals  are  given  below  in  a  tabu- 
lated form: 

LIQUID  PREPARATIONS 

I.  Solutions  of  volatile  substances: 

Aqueous Waters. 

Alcoholic Spirits. 

II.  Solutions  of  non- volatile  substances: 
(a)  Made  by  a  simple  solution: 

Aqueous Solutions. 

Aqueous  (viscid) Mucilages. 

Aqueous  (saccharine) Syrups. 

Mellifluous Honeys. 

Alcoholic Some  tinctures,  as  tinct- 
ure of  ferric  chloride. 

Alcoholic  (saccharine) Elixirs. 

Glycerinic Glycerites. 

Ethereal Collodions. 

Oleaginous Oleates. 

(h)  Made  by  maceration  or  percolation: 

Aqueous Infusions  and  Decoctions. 

Alcoholic Tinctures    and    Fluidex- 

tracts. 

Vinous Wines. 

Ethereal Oleoresins. 

Acetous Vinegars. 

III.  Liquids  containing  undissolved  matter: 
(a)  For  internal  use: 

Aqueous,  with   neither   oil 

nor  resin Mixtures. 

Aqueous,  with  oil  or  resin . .  Emulsions. 
(6)   For  external  use: 

Oleaginous Liniments. 


SOLID  PREPARATIONS 

I.  Made  by  maceration  or  percolation: 

By  evaporation Extracts  (Abstracts, 

U.  S.  P.  1880). 
By  precipitation Resins. 

II.  Without  maceration  or  percolation: 

(a)  For  administration  by  mouth  in  undivided  portions: 

Pulverized Powders. 

Semisolid Masses. 

Semisolid  (saccharine) Confections. 

In  divided  portions: 

Globular  doses Pills. 

Disk-like  doses Troches. 

(b)  For  administration  by  rectum, 

etc Suppositories. 
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(c)   For  external  administration: 
Greasy  masses — 

Applied  as  a  plaster Cerates. 

Applied  by  inunction . . .  Ointments. 

Moist  masses Cataplasms. 

Sticky  masses Plasters. 

Spread  on  or  absorbed  by 

paper Papers. 


CHAPTER   XI 

WATERS  AND  SPIRITS 

WATERS 

Waters  are  aqueous  solutions  of  volatile  substances,  not  like  spirits, 
which  are  alcoholic  solutions  of  volatile  substances;  not  like  solutions, 
which  are  aqueous  solutions  of  non-volatile  substances. 

Again,  the  volatile  substance  may  be  solid,  liquid,  or  gaseous. 
An  example  of  an  official  water  containing  a  volatile  solid  is  found 
in  camphor  water;  among  those  containing  volatile  liquids  may  be 
cited  any  of  the  official  waters  made  from  a  liquid  oil. 

The  following  table  gives  a  list  of  official  waters  grouped  accord- 
ing to  process  of  manufacture: 


TABLE  OF  OFFICIAL  WATERS 


Process. 


Chemical  Preparations. 


Simple  solution  or  dilu- 
tion   


Galenic  Preparations. 
Ammonia  water. 
Bitter  almond  water. 
Creosote  water. 
Chloroform  water. 
Orange  flower  water. 
.  Rose  water. 

{Stronger  ammonia  water. 
Chlorine  water  (U.  S.  P. 
1890). 

Chemical  action {  ^''S  ''^  ^^'^'''^'''  '^'* 

Anise  water. 
Camphor  water. 
Cinnamon  water. 
Fennel  water. 
Peppermint  water. 
Spearmint  water. 
'  Distilled  water. 
Hamamelis  water. 
Stronger  orange  flower 

water. 
Stronger  rose  water. 

The  process  of  preparing  by  simple  solution  or  dilution  consists 
in  taking  the  constituent  and  adding  and  agitating  same  with  a 
sufficient  quantity  of  water.  With  those  prepared  by  gaseous  solution 
the  gas  is  generated  in  an  appropriate  apparatus,  and,  after  being 
washed,  is  passed  into  the  cylinder  containing  the  water,  as  explained 


Filtration  through  absorb- 
ent powder 


Distillation 
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on  p.  123,  usually  the  passage  of  the  gas  being  continued  until  the 
solution  is  saturated  with  gas.  This  explains  the  discrepancy  in  the 
strength  of  stronger  ammonia  water  (28  per  cent,  ammonia  gas) 
as  compared  with  chlorine  water  (U.  S.  P.  1890)  (0.4  of  1  per  cent, 
chlorine  gas) ,  these  widely  varying  strengths  representing  the  saturated 
solutions  of  the  respective  gases  in  water. 

Filtration  through  Absorbent  Powder. — This  process  is  employed 
to  obtain  a  saturated  solution  of  volatile  oil,  the  only  exception  being 
the  manufacture  of  camphor  water,  which  see.  Volatile  oils  are 
very  sparingly  soluble  in  water,  and,  in  the  attempt  to  secure  a  more 
thorough  solution,  the  oil  is  separated  into  a  finely  divided  form  by 
treating  with  an  absorbent  powder,  and  when  thoroughly  blended 
with  this  absorbent,  the  water  is  gradually  added,  and  in  this  way 
the  finely  divided  liquid  is  intimately  combined  with  all  portions  of 
the  water.  The  absorbent  powders  employed  for  this  purpose  in 
former  pharmacopoeias  were  magnesium  carbonate  and  precipitated 
calcium  phosphate.  Waters  prepared  with  either  one  of  these 
powders  are  unsatisfactory.  Magnesium  carbonate  dissolves  in  water 
in  appreciable  amounts,  and  an  aromatic  water  prepared  in  this  way 
will  very  frequently  precipitate  chemicals  one  desires  to  dissolve 
therein.  Calcium  phosphate  was  chosen  by  the  pharmacopoeia  of 
1890  by  reason  of  its  supposed  insolubility;  but  investigation  showed 
that  while  calcium  phosphate  is  not  so  soluble  as  magnesium  carbonate, 
the  minute  traces  which  do  dissolve  cause  more  mischief  than  does 
the  magnesium  carbonate;  the  calcium  phosphate  acting  as  pabulum 
for  the  spores  of  microscopic  plants  which  may  lodge  in  the  water, 
forming  flocculent,  slimy  masses,  due  to  the  growth  of  these  spores 
into  plants. 

For  this  reason,  in  the  last  revision,  purified  talc  was  chosen  as 
the  absorbent  powder. 

Distillation. — This  process  was  the  first  way  in  which  aromatic 
waters  were  prepared,  and  yields  the  finest  product.  The  process 
of  distillation  has  been  fully  described  in  Chapter  V.,  and  here  need 
only  be  mentioned  the  modifications  of  the  process  adapted  for  the 
product  under  consideration. 

The  substances  from  which  the  volatile  principles  are  to  be  obtained 
are  suspended  in  a  boiler  or  a  still,  and  are  never  permitted  to  lie 
on  the  surface  of  the  boiler  next  to  the  flame,  for  in  such  a  case  the 
heat  produces  a  decomposition,  and  the  product  will  be  ruined  through 
presence  of  empyreumatic  odors.  Into  the  still  a  requisite  quantity 
of  water  is  poured  and  is  heated  on  a  slow  fire,  and,  as  the  vapors 
rise  from  the  boiler,  they  carry  with  them  the  aromatic  principles 
found  in  the  plant.  If  enough  of  the  substance  is  used,  a  considerable 
excess  of  the  oil  may  be  found  floating  on  the  surface  of  the  distillate. 
In  fact,  most  distilled  waters  are  made  on  a  large  scale  as  the  side 
product  in  the  distillation  of  volatile  oils  (see  p.  816). 

Distilled  rose  water  and  orange  flower  water  of  commerce  are 
termed  simple  distilled,  double  distilled,  triple  distilled,  or  quadruple 
distilled,  according  to  strength. 

A  double  distilled  water  is  prepared  by  mixing  1  part  of  flowers 
with,  say,  2J  parts  of  water,  and  collecting  2  parts  of  distillate;  triple 
distilled  is  made  by  distilling  off  one  part  of  distillate  from  IJ  parts 
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of  flowers;  while  quadruple  distilled  is  made  by  securing  1  part  of 
distillate  from  1  part  of  flowers;  hence  the  triple  distilled  is  stronger 
than  the  quadruple  distilled.  In  some  cases,  in  preparing  quadruple 
distilled  water,  another  1  part  of  flowers  is  mixed  with  sufficient 
double  distilled  water,  and  2  parts  distillate  obtained.  This  process 
of  redistilling  is  called  cohobation. 

In  most  of  the  modern  perfume  factories  the  distillation  over  a 
naked  fire  has  been  supplanted  by  distilling  in  steam.  In  this  case 
steam  is  passed  into  an  appropriate  iron  vessel  containing  the  aromatic 
substance,  and  in  passing  through  it  carries  the  odor  along  with  it. 

The  preservation  of  distilled  waters  is  not  an  easy  matter  by 
reason  of  the  fact  that  such  solutions  afford  a  nidus  for  the  growth  of 
microscopic  plants. 

It  has  been  observed  that  the  growth  of  these  plants  is  furthered 
by  the  corking  of  the  containers,  and  in  the  warehouses  of  the  large 
aromatic  water  distillers  the  waters  are  kept  in  carboys,  which  are 
closed  with  a  pledget  of  cotton  instead  of  being  corked. 

The  term  "aromatic  waters"  has  reference  to  that  class  of  waters 
which  are  made  from  odorous  principles,  and  are  used  chiefly  as 
perfumes  and  flavorings.  This  includes  all  the  official  waters  except 
the  ammonia  waters,  creosote  water,  chloroform  water,  hamamelis 
water,  solution  of  hydrogen  dioxide,  and  chlorine  water  (U.  S.  P. 
1890). 

Two  methods  of  manufacture  of  aromatic  waters  not  given  official 
sanction  are  by  solution  in  hot  water  and  by  percolation  through  cotton. 

Hot-water  Process. — This  consists  in  agitating  volatile  substances 
with  hot  water,  a  process  recommended  by  several  pharmaceutic 
writers.  The  process,  however,  is  not  official,  and  the  pharmacopoeia 
has  been  wise  in  omitting  the  same,  for  the  reason  that  the  use  of 
hot  water  occasions  considerable  loss  through  the  evaporation  of  the 
volatile  substance.  Again,  it  may  be  cited  that  the  use  of  hot  water 
does  not  produce  more  saturated  products;  experiments  have  shown 
that  when  the  waters  so  prepared  are  brought  to  the  normal  tem- 
perature and  filtered  until  perfectly  clear,  their  strength  is  no  greater 
than  those  made  by  other  processes.  (See  ''  Proc.  A.  Ph.  A.,"  vol.  xlvi, 
p.  234.)  As  a  possible  advantage  of  the  use  of  hot  water  it  has  been 
said  that  the  process  afforded  more  rapid  solution  than  any  other 
process.  But,  admitting  this  as  true,  it  is  more  than  counterbalanced 
by  the  inconvenience  of  agitating  a  hot  bottle  with  the  possible 
blowing  out  of  the  cork,  to  say  nothing  of  the  danger  of  fracturing 
the  glass  container. 

Percolation  through  Cotton. — The  pharmacopoeia  of  1880  adopted 
the  plan  suggested  by  W.  S.  Thompson,  of  subdividing  the  oil  by 
pouring  it  on  absorbent  cotton  and  picking  the  cotton  into  shreds. 
In  this  way  a  small  quantity  of  oil  can  be  distributed  thoroughly 
over  a  considerable  amount  of  cotton,  and  thus  become  intimately 
subdivided,  strands  of  cotton  acting  as  a  capillary  and  drawing  into 
the  lumen  a  minute  trace  of  the  oil.  The  process  yields  a  very  good 
and  permanent  product,  but  was  abandoned  in  the  revision  of  1890 
by  reason  of  the  untidiness  of  the  operation,  the  pulling  of  the  cotton 
usually  being  accomplished  by  hand.  A  modification  of  this  process, 
the  principle  of  which  is  the  same,  is  that  of  dropping  the  oil  drop  by 
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drop  on  a  large  sheet  of  filter-paper,  and  finally  tearing  the  paper 
into  shreds  and  digesting  it  in  water,  but  this  process  is  scarcely  more 
advantageous  than  is  the  picking  of  cotton.  The  cotton  on  which 
the  oil  has  been  divided  is  then  placed  in  a  percolator,  the  neck  of 
which  has  been  plugged  with  a  piece  of  pure  absorbent  cotton,  and 
the  cotton,  imbued  with  oil,  is  then  packed  down  firmly,  and  the 
water  is  made  to  percolate  through  the  same.  It  must  be  said,  in 
passing,  however,  that  this  process  does  not  yield  so  strong  a  product 
as  does  the  filtration  through  absorbent  powder.  And,  in  truth, 
none  of  the  processes  yields  a  more  superior  product  in  any  way  to 
the  water  prepared  by  pouring  the  oil  into  cold  water  and  agitating 
from  time  to  time  during  a  period  of  twenty-four  hours.  Water  so 
treated  is  separated  from  the  undissolved  oil  by  passing  through  a 
well-wetted  filter. 

It  will  be  noted  that  the  present  pharmacopoeia  gives  permission 
to  prepare  aromatic  waters,  either  by  the  filter-paper  process,  by  hot 
solution,  or  by  distillation  under  the  special  heading — Aquce — which 
is  reproduced  below. 

Special  Notes  on  Official  Waters. — Before  discussing  the  several 
official  waters,  a  few  words  explanatory  of  the  order  of  presentation 
of  these  and  other  galenic  preparations  may  not  come  amiss.  Having 
already  given  the  general  methods  of  manufacture  and  a  table  of 
the  official  representatives  of  this  class  of  preparations,  at  this  place 
reference  need  only  be  made  to  the  individual  peculiarities  of  each 
of  the  several  preparations,  which  will  be  presented  in  alphabetic 
order,  except  in  cases  where  other  arrangements  are  advisable.  The 
official  recipe  for  many  of  the  same  class  of  galenics  is  identical,  save 
the  constituents,  and,  therefore,  in  order  to  avoid  "vain  repetition," 
the  pharmacopoeial  recipes  will  be  printed  in  full  only  in  one  case, 
and  under  the  other  preparations  made  by  the  identical  process  will 
be  the  reference  to  the  typical  recipe,  with  a  note  as  to  the  deviations 
in  making  the  preparation  under  consideration.  To  be  specific,  in 
the  class  of  aromatic  waters  the  six  official  waters — anise,  camphor, 
cinnamon,  fennel,  peppermint,  and  spearmint — are  made  by  exactly 
similar  process,  filtration  through  the  absorbent  powder  (purified 
talc),  the  only  difference  being  the  employment  of  the  specific  oil 
(or  alcoholic  solution  in  one  case)  needed  to  make  the  particular  flavor 
desired.  Hence  the  exact  pharmacopoeial  recipe  will  be  given  in 
case  of  anise  water,  and  in  discussing  the  other  five  waters  reference 
will  be  made  under  "recipe"  to  the  anise  water  recipe,  with  such 
changes  as  are  necessary  to  produce  that  special  official.  If  no  recipe 
is  prescribed  by  the  pharmacopoeia,  mention  of  the  fact  will  be  given. 

Again,  as  already  mentioned.  Part  II.  is  not  the  proper  place  to 
discuss  the  chemistry  of  manufacture  of  such  official  preparations  as 
are  more  chemical  than  pharmaceutic;  hence  in  such  cases  discussion 
of  manufacture  will  be  left  for  Part  III.,  and  the  fact  so  noted. 

Lastly,  these  arrangements  will  obtain  as  far  as  possible  in  all  the 
different  classes  of  preparations  discussed  in  Part  II.  Particularly 
will  the  "general  recipe"  idea  be  applied  in  the  case  of  tinctures  and 
fluidextracts,  where  scores  of  each  class  of  preparations  are  made  by 
a  process  identical,  save  in  choice  of  menstruum  and  fineness  of 
powder. 
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AQJJJE.    Waters. 

Recipe. — The  Medicated  Waters,  when  prepared  frota  volatile  oils,  are  intended 
to  be,  as  nearly  as  practicable,  saturated  solutions,  which  must  be  clear  and  free 
from  solid  impurities.  In  the  processes  which  follow,  the  solution  of  the  volatile 
oils  is  facilitated  by  the  use  of  purified  talc;  but  the  solution  may,  if  preferred,  be 
aided  by  replacing  the  purified  talc  by  pulped  or  shredded  filter-paper;  waters  may 
also  be  made  by  the  addition  of  volatile  oils  to  hot  water  and  separation  of  the  excess 
of  the  former,  or  by  the  distillation  of  the  drug  or  volatile  oil  with  water,  if  by  either 
of  these  methods  the  finished  product  corresponds  in  all  respects  with  official  require- 
ments. 

Remarks. — The  above  statement  gives  pharmacopoeial  sanction  to 
the  manufacture  of  aromatic  waters  by  the  several  processes  there 
enumerated. 

AQUA  AMMONIiE   and  AQUA   AMMONIA   FORTIOR. 

Both  are  solutions  of  the  chemical,  ammonia,  and  will  be  described 
on  p.  484. 

AQUA  AMYGDALAE   AMARiE.     Bitter  Almond  Water. 

Recipe. — Oil  of  Bitter  Almond,  one  cubic  centimeter 1  Cc. 

Distilled  Water,  nine  hundred  and  ninety-nine  cubic 

centimeters 999  Cc. 

To  make  one  thousand  cubic  centimeters . .  1000  Cc. 

Dissolve  the  Oil  in  the  Distilled  Water  by  agitation,  and  filter  through  a  well- 
wetted  filter. 

Remarks. — Note  that  the  strength  of  this  water  is  0.1  of  1  per  cent. 
Dose. — 4  Cc.  (1  fluidrachm). 

AQUA  ANISI.    Anise  Water. 

Recipe. — Oil  of  Anise,  two  cubic  centimeters 2  Cc. 

Purified  Talc,  fifteen  grammes 15  Gm. 

Distilled  Water,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters . .   1000  Cc. 

Triturate  the  Oil  of  Anise  with  the  Purified  Talc,  add  the  Distilled  Water 
gradually  with  continued  trituration,  filter,  and  pass  the  filtrate  through  the 
filter  repeatedly  until  the  Anise  Water  is  perfectly  clear. 

Remarks. — Anise  water  is  made  by  trituration  of  2  Cc.  of  oil  with 
15  Gm.  of  purified  talc  and  enough  water  to  make  1000  Cc.  of  the 
finished  product. 

From  this  data  it  is  frequently  stated  that  the  percentage  of  oil  in 
anise  water  is  0.2  of  1  per  cent.  This,  however,  is  incorrect,  inasmuch 
as  scarcely  more  than  half  of  the  oil  is  dissolved  by  the  water,  the  rest 
remaining  in  the  talcum  left  on  the  filter. 

Dose. — 16  Cc.  (4  fluidrachms) . 


AQUA  AURANTII  FLORUM.     Orange  Flower  Water. 

cipe.— Stronger  Orange  Flowe 
Distilled  Water,  each,  o 

Mix  them  immediately  before  use. 


fiecipe.— Stronger  Orange  Flower  Water, 
Distilled  Water,  each,  one  volume. 
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Remarks. — This  water  is  made  by  the  process  of  dilution.  A  radi- 
cal change  was  made  in  both  "  rose  water  "  and  "  orange  flower  water  " 
in  the  revision  of  1890. 

What  were  known  by  these  titles  in  the  former  pharmacopcBias — 
the  so-called  triple  distilled  imported  waters — are  now  ofiicial  as  the 
"  stronger  waters,"  while  the  terms  rose  water  and  orange  flower  water 
are  applied  to  waters  diluted  to  50  per  cent,  by  the  addition  of  distilled 
water. 

An  ancient  synonym  for  orange  flower  water  which  is  sometimes 
employed  in  prescription  writing  is  aqua  naphce. 

Dose. — 16  Cc.  (4  fluidrachms). 

AQUA  AURANTII  FLORUM  FORTIOR.     Stronger  Orange  Flower 

Water. 

Water  saturated  with  the  volatile  oil  of  fresh  orange  flowers  obtained  as  a  by- 
product in  the  distillation  of  the  oil  of  orange  flowers.  It  should  be  kept  in  bottles 
loosely  stoppered  with  a  pledget  of  purified  cotton,  and  in  a  dark  place. 

Stronger  Orange  Flower  Water  should  be  neutral  to  litmus-paper,  and  have  a 
strong  odor  of  fresh  orange  flowers. 

It  should  be  colorless  and  clear,  or  only  faintly  opalescent,  not  mucilaginous, 
and  should  give  no  reaction  with  hydrogen  sulphide  T.S.  or  ammonium  sulphide 
T.S.  (absence  of  metallic  impurities). 

Manufacture. — No  recipe  is  given  by  the  pharmacopoeia,  but  this 
water  is  made  by  cohobation,  as  already  described  on  p.  169,  the 
commercial  article  being  "triple  distilled." 

Remarks. — The  metallic  impurity  test  given  above  is  intended  to 
prevent  use  of  a  water  that  has  been  kept  too  long  in  the  copper 
containers  (usually  tin  lined)  in  which  the  commercial  article  is 
usually  shipped. 

Medical  Properties. — Flavor  and  mild  sedative. 

Dose. — 8  Cc.  (2  fluidrachms). 

AQUA   CAMPHORS.     Camphor  Water. 

Recipe. — Like  anise  water,  except  that  in  making  1000  Cc.  the  talc 
is  triturated  with  a  solution  of  8  Gm.  of  Camphor  in  8  Cc.  of  alcohol. 

Remarks. — Camphor  water  is  the  only  official  water  made  by 
trituration  with  talc  in  which  the  base  is  not  a  volatile  oil.  In  making 
it  the  camphor  is  dissolved  in  alcohol  and  the  alcoholic  solution  is 
triturated  with  purified  talc,  as  if  it  were  a  volatile  oil. 

Dose. — 8  Cc.  (2  fluidrachms). 

AQUA  CHLORI    (U.  S.  P.  1890).     Chlorine   Water. 

Replaced  in  U.  S.  P.  VIII.  by  Liquor  Chlori  Compositus  (p.  391). 

The  process  of  manufacture  of  this  will  be  found  on  p.  389,  as 
this  is  not  the  proper  time  to  consider  the  chemical  action.  Chlorine 
water  is  a  preparation  which  should  be  made  freshly  each  time  it  is 
dispensed,  and  hence  in  the  last  revision  a  simpler  extemporaneous 
process  leading  to  a  similar  preparation  was  introduced  and  the  name 
changed  to  compound  solution  of  chlorine. 
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AQUA   CHLOROFORMI.     Chloroform  Water. 

Recipe. — Chloroform, 

Distilled  Water,  each,  a  sufficient  quantity. 

Add  enough  Chloroform  to  a  convenient  quantity  of  Distilled  Water,  contained 
in  a  dark  amber-colored  bottle,  to  maintain  a  slight  excess  of  the  former  after  the 
contents  have  been  repeatedly  and  thoroughly  agitated. 

When  Chloroform  Water  is  required  for  use,  pour  off  the  needed  quantity  of  the 
solution,  refill  the  bottle  with  Distilled  Water,  and  saturate  it  by  thorough  agitation, 
taking  care  that  there  be  always  an  excess  of  Chloroform  present. 

Remarks. — The  above  recipe  is  a  modification  of  the  process  of 
simple  solution,  the  finished  product  being  kept  over  a  layer  of 
chloroform.  This  is  done  in  order  that  the  finished  product  remain 
a  saturated  solution,  experience  proving  that  a  filtered  chloroform 
water  soon  loses  all  its  volatile  active  principle,  leaving  nothing  but 
ordinary  water.  The  saturated  solution  contains  about  ^  of  1  per 
cent,  of  chloroform. 

Dose. — 16  Cc.  (4  fluidrachms). 

AQUA  CINNAMOMI.     Cinnamon  Water. 

Recipe. — 1000  Cc.  water  is  made  exactly  as  is  anise  water,  except 
that  2  Cc.  oil  of  cinnamon  is  employed  instead  of  the  oil  of  anise. 

Remarks. — Cinnamon  water  belongs  to  the  same  class  as  anise 
water,  made  by  the  same  method,  and  the  remarks  applied  to  the 
strength  of  anise  water  are  equally  forcible  in  the  case  of  the  water 
under  consideration.  It  must  be  borne  in  mind  that  the  oil  of  cinna- 
mon from  which  the  water  is  made  is  very  irritating,  and  often  in  the 
dilution  found  in  cinnamon  water  the  taste  is  decidedly  biting.  For 
this  reason  the  pharmacopoeia  directs,  when  making  chalk  mixture, 
that  the  cinnamon  water  be  used  diluted  with  a  quantity  of  water, 
as  explained  on  p.  265. 

Dose. — 16  Cc.  (4  fluidrachms). 

AQUA   CREOSOTI.     Creosote   Water. 

Recipe. — Made  like  bitter  almond  water,  by  simple  solution,  except 
that  10  Cc.  of  creosote  is  mixed  with  990  Cc.  of  water. 

Remarks. — Creosote  water  is  not  a  permanent  preparation,  for 
the  filtering  solution,  on  standing,  becomes  turbid,  and  deposits 
some  of  the  decomposition  products  of  the  creosote  in  the  form  of  a 
smeary  tar. 

For  this  reason  the  pharmacopoeia  directs  it  to  be  freshly  prepared. 

Dose. — 8  Cc.  (2  fluidrachms), 

AQUA   DESTILLATA.     Distilled  Water. 

This  official,  being  a  chemical  rather  than  a  pharmaceutical,  will 
be  discussed  in  Part  III. 

AQUA  FCENICULI.     Fennel  Water. 

Recipe. — Made  by  triturating  2  Cc.  Oil  of  Fennel  with  purified  talc 
and  water  to  make  1000  Cc.  Details  identical  with  recipe  for  anise 
water. 

Dose. — 16  Cc.  (4  fluidrachms). 
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AQUA  HAMAMELIDIS.     Hamamelis  Water. 

Recipe. — Hamamelis  Bark,  ten  thousand  grammes 10000  Gm. 

Water,  twenty  thousand  cubic  centimeters 20000  Cc. 

Alcohol,  fifteen  hundred  cubic  centimeters 1500  Cc. 

To  make  ten  thousand  cubic  centimeters .  .  10000  Cc. 

Macerate  the  Hamamelis  Bark  in  the  Water  during  twentjr-four  hours:  then  distil 
until  eighty-five  hundred  cubic  centimeters  of  distillate  are  obtained,  add  the  Alcohol, 
and  mix  thoroughly. 

If  1  Cc.  of  Hamamelis  Water  be  added  to  5  Cc.  of  sulphuric  acid  containing  a 
little  salicylic  acid  in  solution,  no  red  color  should  appear  (absence  of  formaldehyde). 

Remarks. — This  new  official  is  what  is  commonly  called  distilled 
extract  of  witch  hazel,  and  has  attained  widespread  popularity  through 
the  persistent  advertising  of  a  certain  proprietary  form  of  it.  Its 
therapeutic  value  is  doubtful,  many  authorities  claiming  that  its 
sole  virtue  resides  in  the  alcohol  it  contains.  The  recipe  given  above 
is  impossible  to  any  save  those  residing  where  the  plant  abounds, 
but  it  is  of  value  in  an  effort  to  establish  a  definite  basis  of  manufac- 
ture, each  witch  hazel  distiller  having  been,  until  now,  a  law  unto 
himself.  Of  particular  importance  to  the  retailer  is  the  pharmaco- 
poeial  demand  that  this  product  contain  15  per  cent,  grain  alcohol 
(ethyl  alcohol  of  the  pharmacopoeia),  and  that  no  formaldehyde  be 
present.  Many  distillers  have  of  late  used  wood  alcohol,  and  in  the 
crusade  against  the  use  of  this  poison  in  drugs  several  honest  phar- 
macists have  been  prosecuted  for  dispensing  methylated  witch  hazel — 
another  illustration  of  the  importance  of  the  testing,  by  the  phar- 
macist, of  every  product  sold  by  him  under  his  label  and  not  made 
in  his  laboratory. 

Dose. — 8  Cc.  (2  fluidrachms). 

AQUA  HYDROGENII   DIOXIDI.     Solution  of  Hydrogen  Dioxide. 

This  is  called  in  the  pharmacopoeia  the  solution  of  the  dioxide,  it 
being  the  only  case  in  which  the  English  pharmacopceial  name  of  the 
preparation  places  it  in  a  class  different  from  the  Latin  name.  The 
reason  that  it  is  called  the  solution  of  hydrogen  dioxide  by  the  phar- 
macopoeia is  because  it  has  been  sold  in  commerce  always  under  the 
name  of  solution.  Whether  it  should  be  called  ^^  Aqua  Hydrogenii 
Dioxidi"  is  questionable,  since  hydrogen  dioxide  is  not  markedly 
volatile. 

Hydrogen  dioxide  solution  contains  about  3  per  cent,  of  pure 
H2O2.     The  process  of  its  manufacture  is  given  on  p.  387. 

AQUA   MENTHA   PIPERITA.     Peppermint  Water. 

Recipe. — 1000  Cc.  is  made  from  2  Cc.  Oil  of  Peppermint  by  process 
exactly  the  same  as  that  for  making  anise  water — trituration  with 
purified  talc. 

Dose. — 16  Cc.  (4  fluidrachms). 

AQUA   MENTHiE   VIRIDIS.     Spearmint  Water. 

Recipe. — 1000  Cc.  is  made  from  2  Cc.  Oil  of  Spearmint,  exactly  as 
in  the  recipe  for  anise  water. 

Dose. — 16  Cc.  (4  fluidrachms). 
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AQUA   ROS^.     Rose   Water. 

Recipe. — By  dilution  of  stronger  Rose  Water  with  equal  quantity 
of  water,  as  in  recipe  for  orange  flower  water. 
Dose. — 16  Cc.  (4  fluidrachms). 

AQUA  ROS-^   FORTIOR.     Stronger  Rose  Water. 

Water  saturated  with  volatile  oil  of  Rose  petals,  obtained  by  distillation. 

Stronger  Rose  Water  should  be  kept  in  bottles  loosely  stoppered  with  a  pledget 
of  purified  cotton,  and  in  a  dark  place. 

Stronger  Rose  Water  should  be  colorless  and  clear,  not  mucilaginous,  and  should 
have  the  odor  of  roses,  free  from  empyreuma.  It  should  give  no  reaction  with  hy- 
drogen sulphide  T.S.  or  ammonium  sulphide  T.S.  (absence  of  metallic  impurities). 

Manufacture. — No  recipe  given  by  the  pharmacopoeia,  but  it  is 
a  triple  distilled  water. 

Remarks. — The  two  varieties  of  rose  water  are  analogous  to  the 
two  official  orange  flower  waters  already  discussed. 

Dose. — 8  Cc.  (2  fluidrachms). 

Medical  Properties  of  Waters. — The  medical  properties  of  most 
pharmaceutic  preparations  are  those  of  the  drugs  from  which  they 
are  obtained,  and  therapeutic  consideration  will  be  found  in  the 
proper  place  under  the  drug  which  is  the  leading  ingredient. 

In  some  few  cases,  however,  the  preparation  consists  of  a  blending 
of  ingredients  giving  different  action  than  the  constituent  drugs; 
or  possibly  may  be  a  commercial,  ready-made  article,  the  constituents 
of  which  are  not  official.  In  such  cases,  illustrated  in  this  chapter 
in  orange  flower  water,  the  medical  properties  will  be  discussed  at 
the  time  the  preparation  is  considered. 

Waters  as  a  class  are  usually  such  diluted  preparations  that  they 
are  scarcely  used  as  medicines,  but  are  generally  employed  as  vehicles. 
As  notable  exceptions,  however,  must  be  cited  such  waters  as  the 
ammonia  waters,  chlorine  water,  hydrogen  dioxide  water;  these, 
being  rather  powerful  preparations  and  having  special  uses,  will  be 
considered  in  their  place  among  the  chemicals. 

DOSES  OF  OFFICIAL  WATERS 

1  Co.  (15  minims) Ammonia  water. 

4  Cc.  (1  fluidrachm) Bitter  almond  water,  solution  of  hydrogen  dioxide 

8  Cc.  (2  fluidrachms) Camphor  water,  creosote  water,  hamamelis  water, 

stronger    orange    flower    water,    stronger    rose 

water. 
16  Cc.  (4  fluidrachms) Anise  water,  orange  flower  water,  chloroform  water, 

cinnamon    water,    fennel     water,     peppermint 

water,  spearmint  water,  rose  water. 

Stronger  ammonia  water  should  never  be  dispensed  for  adminis- 
tration by  a  patient,  it  being  recognized  by  the  pharmacopoeia  merely 
as  a  standard  form  of  ammonia  which  can  be  diluted  to  a  10  per  cent, 
strength  when  required. 

SPIRITS 

A  spirit  is  an  alcoholic  solution  of  a  volatile  substance,  and,  therefore, 
they  differ  from  waters  only  in  the  solvent  employed.  For  this  reason 
a  number  of  spirits  are  made  from  substances  which  are  also  used  in 
the  manufacture  of  waters.     Practically,  all  the  volatile  oils  repre- 


176 


PRINCIPLES  OF  PHARMACY 


sented  in  the  list  of  aromatic  waters  are  found  in  alcoholic  solutions 
among  the  spirits.  The  number  of  spirits,  however,  is  larger  than 
that  of  the  waters,  due  to  the  superior  solubility  of  oils  in  alcohol. 
Moreover,  the  amount  of  oils  found  in  spirits  is  much  greater  than 
that  found  in  waters,  most  of  the  spirits  containing  from  5  to  10  per 
cent,  or  even  20  per  cent,  of  the  oil. 


Chemical  Preparation. 


Simple  solution  or  dilution. 


-  Spirit  of  nitrous  ether. 


TABLE  OF  OFFICIAL  SPIRITS 

Manufacture.  Galenic  Preparations. 

Spirit  of  ammonia,  aromatic. 

Spirit  of  anise. 

Spirit  of  bitter  almond. 

Spirit  of  camphor. 

Spirit  of  chloroform. 

Spirit  of  cinnamon. 

Spirit  of  ether. 

Spirit  of  ether,  compound. 

Spirit  of  gaultheria. 

Spirit  of  glyceryl  trinitrate. 

Spirit  of  juniper. 

Spirit  of  juniper,  compound. 

Spirit  of  lavender. 

Spirit  of  myrcia  (U.  S.  P. 

1890). 
Spirit  of  orange,  compound. 
Spirit  of  phosphorus  (U.  S. 

P.  1890). 

Gaseous  solution Spirit  of  ammonia. 

f  Spirit    of  lemon    (U.  S.  P. 

Sdviionwithmaceration. .  .  \   gpirifcJf  peppermint. 

[  Spirit  of  spearmint. 
Distillation {  BrandJ." 

As  is  seen  in  the  above  chart,  the  official  spirits  are  made  in  four 
different  ways: 

Simple  Solution  or  Dilution. — This  process  is  simply  adding  and 
dissolving  the  medicated  substance  in  alcohol.  (In  this  group  we 
find  fifteen  of  the  twenty  official  spirits.) 

Gaseous  Solution. — One  official  spirit — spirit  of  ammonia — is 
made  by  the  passing  of  the  gas  into  alcohol,  and  the  details  will  be 
left  for  explanation  in  the  pharmacopoeial  recipe  for  this  spirit. 

Solution  by  Maceration. — Two  official  spirits  are  made  in  this 
way — peppermint  and  spearmint.  In  each  case  the  flavoring  constit- 
uent is  a  volatile  oil,  but  in  deference  to  the  wishes  of  the  public 
who  desire  a  spirit  colored  like  the  drug  from  which  it  is  made,  the 
pharmacopoeia  directs  that,  after  the  oil  is  added  to  the  alcohol,  it 
is  to  be  macerated  with  some  of  the  drug  until  the  color  of  the  latter 
has  been  absorbed  by  the  alcohol. 

Distillation. — Two  official  spirits  are  made  by  distillation,  and 
the  technical  details  of  each  operation  will  be  found  on  page  653. 

Two  official  spirits  may  be  considered  as  made  by  chemical  action — 
spirit  of  glyceryl  trinitrate  and  spirit  of  nitrous  ether.  In  one  case, 
however,  no  direction  is  given  by  the  pharmacopoeia  for  the  prepara- 
tion of  the  chemical  (glyceryl  trinitrate),  it  being  a  task  considered 
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too  dangerous  for  the  ordinary  drug-store;  while  in  the  case  of  the 
spirit  of  nitrous  ether,  the  spirit  is  really  made  by  dissolving  the 
finished  ethyl  nitrite  in  alcohol,  and  the  process  may,  therefore,  be 
considered  as  a  case  of  simple  solution  or  dilution.  For  this  reason 
both  of  these  preparations  are  found  in  the  chart  given  above  under 
the  head  of  simple  solution  or  dilution. 

SPECIAL  NOTES  ON  OFFICIAL  SPIRITS 

SPIRITUS  iETHERIS.     Spirit  of  Ether. 

Recipe. — Ether,  three  hundred  and  twenty-five  cubic  centimeters.  325  Cc. 

Alcohol,  six  hundred  and  seventy-five  cubic  centimeters  .  675  Cc. 

To  make  one  thousand  cubic  centimeters. .  1000  Cc. 
Mix  them. 

Remarks. — This  is   made  by  the  simple  solution   of  ether  and 
alcohol,  and  is  sold  in  Germany  under  the  name  of  Hoffman's  drops. 
Dose. — 4  Cc.  (1  fluidrachm). 

SPIRITUS  ^THERIS  COMPOSITUS.     Compound  Spirit  of  Ether. 

Recipe. — Ether,  three  hundred  and  twenty-five  cubic  centimeters.  325  Cc. 

Alcohol,  six  hundred  and  fifty  cubic  centimeters 650  Cc. 

Ethereal  Oil,  twenty-five  cubic  centimeters 25  Cc. 

To  make  one  thousand  cubic  centimeters. .  1000  Cc. 
Mix  them. 

Remarks. — Compound  spirit  of  ether  is  usually  called  "Hoffman's   ^vv-c.*->t,/i 
anodyne."     It  contains,  besides  ether  and  alcohol,  ethereal  oil — the  >-~^  ^ 
indefinite  preparation  referred  to  on  p.  664.     As  commercial  ethereal  ' 

oil  is  notoriously  adulterated,,  it  should  be  made  bv  the  rRt^'^  phar-  ^^^e^ 
macist.  y 

Dose.— 4  Cc.  (1  fluidrachm).  *^ 

SPIRITUS   iETHERIS   NITROSI.     Spirit  of   Nitrous   Ether. 
A   full   explanation    of   this    important    preparation,    commonly 
called  sweet  spirits  of  nitre,  will  be  found  on  p.  661. 

SPIRITUS  AMMONIA.     Spirit  of  Ammonia.    • 

This  spirit  is  made  by  gaseous  solution  and  contains  10  per  cent, 
of  ammonia  gas,  like  ammonia  water.  The  recipe  and  other  details 
of  manufacture  will  be  considered  on  p.  485,  under  the  preparations 
of  ammonia. 

SPIRITUS  AMMONIA  AROMATICUS.     Aromatic  Spirit  of  Ammonia. 
This   important   pharmaceutical   can   best   be   considered   under 
the  Ammonia  Compounds  (p.  490). 

SPIRITUS  AMYGDALiE   AMARiE.     Spirit  of  Bitter  Almond. 

Recipe. — Oil  of  Bitter  Almond,  ten  cutnc  centimeters 10  Cc. 

Alcohol,  eight  hundred  cubic  centimeters 800  Cc. 

Distilled  Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 
Dissolve  the  Oil  in  the  Alcohol,  and  add  enough  Distilled  Water  to  make  the 
product  measure  one  thousand  cubic  centimeters. 

12 
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Remarks. — The  synonym  for  this  preparation  is  essence  of  bitter 
almond,  and  it  might  be  here  stated  that  the  so-called  "essences," 
or  flavoring  extracts,  represent  alcoholic  preparations  of  aromatic 
principles.  Thus,  amongj|he  spirits  we  find  the  essence  of  almond, 
essence  of  peppermint,  essence  of  spearmint,  and  essence  of  lemon 
of  the  pharmacopoeia  of  1890.  Essence  of  ginger  and  essence  of 
vanilla  are  respectively  tincture  of  ginger  and  tincture  of  vanilla. 
The  spirit  of  bitter  almond,  it  might  be  worth  noting,  contains 
about  20  per  cent,  of  water. 

Dose. — 0.5  Cc.  (8  minims). 

SPIRITUS  ANISI.     Spirit  of  Anise. 

Recipe. — 100  Cc.  Oil  of  Anise  dissolved  in  900  Cc.  Alcohol.  Details 
like  recipe  for  spirit  of  ether. 

Remarks. — This  is  a  10  per  cent,  preparation  made  by  simple 
solution.  Bear  in  mind  that  the  alcohol  of  the  present  pharmacopoeia 
is  equivalent  to  the  deodorized  alcohol  (Cologne  Spirits)  of  the  phar- 
macopoeia of  1890,  and  is  devoid  of  the  unpleasant  odor  which  ordi- 
nary alcohol  leaves  on  evaporation.  In  the  preparation  of  essences 
made  from  fine  oils  this  grade  of  alcohol  must  be  used  instead  of  or- 
dinary alcohol. 

Dose. — 4  Cc.  (1  fluidrachm). 

SPIRITUS    AURANTII    COMPOSITUS.     Compound  Spirit  of  Orange. 

Recipe. — Oil  of  Orange  Peel,  two  hundred  cubic  centimeters. . . .  200  Cc. 

Oil  of  Lemon,  fifty  cubic  centimeters 50  Cc. 

Oil  of  Coriander,  twenty  cubic  centimeters 20  Cc. 

Oil  of  Anise,  five  cubic  centimeters 5  Co. 

Alcohol,  a  sufficient  qvxintity, 

To  make  one  thousand  cubic  centimeters .  .  1000  Cc. 

Mix  them.  Keep  the  product  in  completely  filled,  well-stoppered  bottles,  in  a 
cool  and  dark  place. 

Remarks. — This  preparation,  used  as  the  flavor  in  aromatic  elixir 
(p.  205),  must  be  made  of  the  best  oils  and  alcohol  if  it  is  to  be  satis- 
factory. The  provision  as  to  storing  given  above  is  to  prevent  the 
oils  from  growing  terebinthinate. 

SPIRITUS  CAMPHORiE.     Spirit  of  Camphor. 

Recipe. — Camphor,  one  hundred  grammes 100  Gm. 

Alcohol,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 
Dissolve  the  Camphor  in  eight  hundred  cubic  centimeters  of  Alcohol,  filter  through 
paper,  and  pass  enough  Alcohol  through  the  filter  to  make  the  product  measure  one 
thousand  cubic  centimeters. 

Remarks. — Note  that  the  recipe  of  the  pharmacopoeia  does  not 
direct  the  addition  of  water,  and  that  such  addition  would  be  con- 
sidered by  pure  food  officials  as  an  adulteration. 

Dose. — 1  Cc.  (15  minims). 
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SPIRITUS   CHLOROFORMI.     Spirit  of  Chloroform. 

Recipe. — Made  by  dissolving  60  Cc.  Chloroform  in  940  Cc.  Alcohol. 
Details  similar  to  the  recipe  for  spirit  of  ether. 

Remarks. — Note  that  this  is  a  6  per  cent,  preparation. 
Dose. — 2  Cc.  (30  minims). 

SPIRITUS   CINNAMOMI.     Spirit  of  Cinnamon. 

Recipe. — Made  by  dissolving  100  Cc.  Oil  of  Cinnamon  in  900  Cc. 
Alcohol,  with  spirit  of  ether. 
Dose. — 2  Cc.  (20  minims). 

SPIRITUS  FRUMENTI.     Whisky. 

A  discussion  of  this  distillate  from  fermented  grain  will  be  given 
on  p.  653. 

SPIRITUS   GAULTHERIiE.     Spirit  of  Gaultheria. 

Recipe. — Oil  of  Gaultheria,  50  Cc;  Alcohol,  950  Cc,  dissolved  as  in 
making  spirit  of  ether. 

Remarks. — This  is  commonly  called  essence  of  wintergreen. 
Dose. — 2  Cc.  (30  minims). 

SPIRITUS    GLYCERYLIS    NITRATIS.     Spirit  of  Glyceryl  Trinitrate. 

This  very  important  official,  Spirit  of  Nitroglycerin,  is  fully 
described  on  p.  681.  Here  mention  must  be  made,  however,  of  the 
pharmacopoeial  warning,  that  even  tasting  a  small  quantity  of  it  is 
liable  to  produce  violent  headache;  also  mention  must  be  made  that, 
since  it  contains  the  very  explosive  nitroglycerin,  great  care  must  be 
taken  to  prevent  the  spilling  of  the  spirit.  When  the  alcohol  has 
evaporated,  nitroglycerin  remains,  and  may  be  brought  to  an  explo- 
sion by  simple  concussion.  If  the  spirit  is  spilled  on  the  floor  or 
elsewhere,  it  should  be  immediately  treated  with  a  diluted  solution 
of  soda,  which  will  break  it  up  into  the  two  harmless  substances — 
glycerin  and  sodium  nitrate — and  these  can  then  be  washed  up. 

SPIRITUS  JUNIPERI.     Spirit  of  Juniper. 

Recipe. — Oil  of  Juniper,  50  Cc;  Alcohol,  950  Cc,  dissolved  as  in 
making  spirit  of  ether. 

Dose. — 2  Cc.  (30  minims). 

SPIRITUS   JUNIPERI   COMPOSITUS.     Compound  Spirit  of  Juniper. 

Recipe. — Oil  of  Juniper,  eight  cubic  centimeters 8  Cc. 

Oil  of  Caraway,  one  cubic  centimeter 1  Cc. 

Oil  of  Fennel,  one  cubic  centimeter 1  Cc. 

Alcohol,  fourteen  hundred  cubid  centimeters 1400  Cc. 

Water,  a  sufficient  quantity, 

To  make  two  thousand  cubic  centimeters .  .   2000  Cc. 
Dissolve  the  Oils  in  the  Alcohol,  and  gradually  add  enough  Water  to  make  the 
product  measure  two  thousand  cubic  centimeters. 
Average  Dose. — 8  Cc.  (2  fluidrachms). 
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Remarks. — The  preparation  is  intended  as  a  substitute  for  gin, 
whicti  is  made  by  distilling  fermented  rye  and  malt,  macerating  the 
distillate  with  juniper  berries,   and  redistilling. 

Dose. — 8  Cc.  (2  fluidrachms). 

SPIRITUS  LAVANDULA.     Spirit  of  Lavender. 

Recipe. — Oil  of  Lavender  Flowers,  50  Cc;  Alcohol,  950  Cc,   dis- 
solved as  in  making  spirit  of  ether. 
Dose. — 2  Cc  (30  minims). 

SPIRITUS   LIMONIS    (U.  S.  P.  1890).     Spirit  of  Lemon. 

This  spirit,  replaced  in  the  present  pharmacopoeia  by  tincture 
of  lemon  peel  (p.  230),  is  prepared  by  dissolving  50  Cc  oil  of  lemon 
in  enough  deodorized  alcohol  to  make  1000  Cc,  and  macerating  the 
mixture  with  50  Gm.  grated  lemon  peel  in  order  to  give  a  color. 
The  spirit,  therefore,  contains  5  per  cent,  of  oil,  and  it  is  hardly 
necessary  to  say  that  this  oil  should  be  entirely  free  from  terebinthinate 
odor.     The  finished  product  is  called  essence  of  lemon. 

SPIRITUS   MENTHA   PIPERITiE.     Spirit   of   Peppermint. 

Recipe. — Oil  of  Peppermint,  one  hundred  cubic  centimeters 100  Cc. 

Peppermint,  bruised,  ten  grammes 10  Gm. 

Alcohol,  a  sufficient  quantity, 

■     To  make  one  thousand  cubic  centimeters.  .  1000  Cc. 

Dissolve  the  Oil  of  Peppermint  in  nine  hundred  cubic  centimeters  of  Alcohol, 
add  the  Peppermint,  and  allow  it  to  macerate  for  twenty-four  hours.  Then  filter 
through  paper,  and  add,  through  the  filter,  enough  Alcohol  to  make  the  Spirit 
measure  one  thousand  cubic  centimeters. 

Remarks.— -Ihi^  is  a  10  per  cent,  preparation  of  the  oil  of  pepper- 
mint made  with  alcohol,  and  macerated  with  sufficient  peppermint 
leaves  to  give  it  a  green  color.  This  is  the  popular  essence  of  pepper- 
mint. 

Dose. — 2  Cc.  (30  minims). 

SPIRITUS  MENTHA  VIRIDIS.     Spirit  of  Spearmint. 

Recipe.— Oil  of  Spearmint,  100  Cc;  Spearmint  (bruised),  10  Gm.; 
Alcohol,  to  make  1000  Cc.  Make  exactly  as  in  recipe  for  spirit  of 
peppermint. 

Dose. — 2  Cc  (30  minims). 

SPIRITUS   MYRCI^    (U.  S.  P.  1890).     Spirit  of  Myrcia. 

This  preparation,  dropped  in  the  last  pharmacopoeial  revision, 
is  an  excellent  form  of  hay-rum.  It  was  made  by  dissolving  16  Cc. 
oil  of  myrcia,  1  Cc.  oil  of  orange  peel,  1  Cc  oil  of  pimenta,  in  1220  Cc. 
deodorized  alcohol,  and  then  adding  water  to  make  2000  Cc,  and 
filtering. 
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SPIRITUS   PHOSPHORI   (U.  S.  P.  1890).     Spirit  of  Phosphorus. 

This  product,  dropped  in  the  last  pharmacopceial  revision,  was 
interesting  because  made  with  absolute  alcohol  and  by  the  process 
of  upright  condensation  (see  p.  102).  This  process  was  employed 
to  save  undue  evaporation  of  alcohol,  it  being  necessary  to  digest 
the  phosphorus  in  boiling  alcohol  for  several  hours  in  order  to 
dissolve  it.  When  this  process  is  carried  on  in  an  ordinary  flask, 
a  large  amount  of  alcohol  would  be  lost  by  evaporation,  but  if  the 
upright  condenser  is  inserted  in  the  neck  of  the  flask,  the  vapor  of 
alcohol  passing  through  the  cold  condensing  tube  is  converted  into 
liquid,  and  drops  back  into  the  flask  from  which  it  has  just  emerged. 
Spirit  of  phosphorus  was  official  because  an  ingredient  of  the  elixir 
of  phosphorus  of  the  pharmacopoeia  of  1890. 

SPIRITUS  VINI   GALLICI.     Brandy. 

Manufacture,  alcoholic  strength,  and  use  of  this  substance  will 
be  fully  given  on  p.  653.  Here  it  need  only  be  said  that  it  is  one  of 
the  two  ofl&cial  spirits  prepared  by  distillation. 

DOSES  OF  SPIRITS 

0.05  Cc.  (1  minim) Spirit  of  glyceryl  trinitrate. 

0.5    Cc.  (8  minims) Spirit  of  bitter  almond. 

1.0    Cc.  (15  minims) Spirits  of  ammonia  and  of  camphor. 

2.0    Cc.  (30  minims) Spirits  of  nitrous  ether,  ammonia  aromatic, 

chloroform,  cinnamon,  gaultheria,  juniper, 
lavender,  peppermint,  and  spearmint. 

4       Cc.  (1  fluidrachm) Spirits  of  ether,  ether  compound,  and  anise. 

8       Cc.  (2  fluidrachms) Spirit  of  juniper  compoimd. 


CHAPTER   XII 
SOLUTIONS,  MUC3LAGES,  SYRUPS,  AND  HONEYS 

SOLUTIONS 

Solutions  constitute  that  class  of  pharmaceuticals  defined  as 
"aqueous  solutions  of  non-volatile  bodies."  This  definition  is  redundant, 
inasmuch  as  we  say  that  a  "solution"  (the  class  of  pharmaceuticals) 
is  a  "solution"  (that  is,  a  product  of  the  physical  phenomenon  called 
solution,  which  has  been  discussed  on  p.  117).  In  other  words,  the 
student  at  the  outset  should  get  a  clear  idea  of  the  three  meanings  of 
the  word  "solution."  First,  the  physical  phenomenon  of  molecular 
subdivision  resulting  in  a  homogeneous  fluid;  second,  the  physical 
group  of  solutions,  those  homogeneous  fluids  produced  by  molecular 
subdivision,  and  including  such  pharmaceuticals  as  waters,  spirits, 
glycerites,   tinctures,   etc.;   and,    third,    the    narrow    pharmaceutic 
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"solution,"  which  includes  only  that  class  of  physical  solutions  which 
have  water  as  the  solvent  and  a  non-volatile  body  as  dissolved  sub- 
stance. 

A  pharmacopoeial  solution  is  an  aqueous  preparation,  free  from 
sugar  (exception,  Solution  of  Magnesium  Citrate),  made  by  the  ordi- 
nary process  of  solution.  Some  writers  divide  this  class  into  simple 
and  chemical  solutions,  while  others  oppose  such  a  distinction,  claiming 
there  is  no  real  difference  in  the  liquefaction  occurring  in,  say,  solution 
of  arsenous  acid  and  in  solution  of  ferric  acetate.  The  latter  class 
of  writers  claim  that  the  chemical  combination  occurring  in  the 
formation  of  a  so-called  "chemical  solution"  has  nothing  to  do  with 
the  act  of  solution,  the  chemical  reaction  first  occurring,  then  being 
followed  by  the  solution  of  the  newly  formed  substance  or  of  the 
ions  of  which  it  is  composed.  (See  p.  119.)  There  is  much  truth  in 
the  argument  that  the  arsenous  acid  in  the  first  solution  cited  above 
is  produced  by  chemical  reaction,  as  much  as  is  the  ferric  acetate  in 
the  other  preparation;  that  the  fact  whether  the  substance  is  dis- 
solved at  the  moment  of  formation  or  after  some  time  has  elapsed 
makes  little  difference. 

In  this  book  we  will  divide  solutions  into  galenic  preparations 
(simple  solutions)  and  into  chemical  preparations  (chemical  solutions), 
for  the  same  reason  that  we  group  all  pharmaceuticals  into  the  two 
classes;  that  in  Part  II.  we  will  discuss  only  these  preparations  made 
without  chemical  action,  leaving  those  in  which  a  chemical  action 
occurs  for  consideration  in  Part  III. 

The  manufacture  of  solutions  is  simple  or  complex,  according 
as  the  preparation  is  a  galenic  or  a  chemical.  Galenic  solutions  are 
prepared  by  simply  dissolving  the  substance  in  an  appropriate  quan- 
tity of  water  in  either  a  flask  or  a  bottle,  and  dissolving  by  agitation, 
or  by  first  reducing  the  substance  to  a  fine  powder  by  trituration  in 
a  mortar,  and  gradually  adding  water  to  the  substance  in  the  mortar. 

The  preparation  of  the  so-called  "simple  solutions"  is  an  easy 
matter — so  easy  that  the  average  druggist  is  grossly  careless  with 
them.  They  should  be  elegant  preparations;  hence  the  careful  phar- 
macist is  generous  with  his  filter-paper,  having  all  his  solutions  (save 
possibly  lead  water)  as  clear  as  crystal.  This  applies  to  all  solutions, 
and  especially  to  extemporaneous  prescriptions.  Have  all  prepara- 
tions, intended  to  be  clear,  fairly  sparkling,  for  the  only  method 
possessed  by  the  public  of  judging  the  skill  of  the  pharmacist  is  the 
appearance  of  his  preparations  and  the  neatness  of  his  packages. 

The  chernical  solution,  on  the  other  hand,  usually  requires  a  high 
degree  of  skill  in  its  manufacture,  and  the  description  of  this  class 
had  best  be  left  until  we  consider  the  substance  from  the  chemical 
aspect  in  Part  III.  _  The  following  table  gives  a  list  of  officials  arranged 
as  galenic  or  chemical: 
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TABLE  OF  OFFICIAL  SOLUTIONS 


Manufacture. 
All      galenics      are 
made   by   simple 
solution. 


Galenic  Preparations. 

Solution  of  arsenous  acid. 

Antiseptic  solution. 

Solution  of  arsenous  and 
mercuric  iodide. 

Solution  of  formaldehyde. 

Solution  of  iodine,  compound. 

Solution  of  lead  subacetate, 
diluted. 

Solution  of  potassium  hydrox- 
ide. 

Solution  of  sodium  arsenate. 

Solution  of  sodium  hydroxide. 

Solution  of  sodium  phosphate, 
compound. 


Chemical  Preparations. 

Solution  of  ammonium  ace- 
tate. 

Solution  of  calcium  hydrox- 
ide. 

Solution     of     chlorine,    com- 
pound. 

Solution  of  cresol,  compound 

Solution  of  ferric  chloride. 

Solution  of  ferric  citrate  (U.  S 
P.  1890). 

Solution     of     ferric     nitrate 
(U.  S.  P.  1890). 

Solution  of  ferric  subsulphate. 

Solution  of  ferric  sulphate. 

Solution  of  iron  and  ammo- 
nium acetate. 

Solution  of  lead  subacetate. 

Solution  of  mercuric  nitrate. 

Solution        of        magnesium 
citrate. 

Solution  of  potassa  (U.  S.  P. 
1890). 

Solution  of  potassium  arsenite. 

Solution  of  potassium  citrate. 

Solution   of   soda   (U.   S.   P. 
1890). 

Solution  of  chlorinated  soda. 

Solution    of    sodium    silicate 
(U.  S.  P.  1890). 

Solution  of  zinc  chloride. 


SPECIAL  NOTES   ON  OFFICIAL  SOLUTIONS 

LIQUOR  ACIDI   ARSENOSI.     Solution  of  Arsenous  Acid. 

An  aqueous  solution,  which  should  contain  Arsenous  Acid,  corre- 
sponding in  amount  to  1  per  cent,  of  arsenic  trioxide  [As203=  196.44]. 

Recipe. — Arsenic  Trioxide,  ten  grammes 10  Gm. 

Diluted  Hydrochloric  Acid,  fifty  grammes SO  Gm. 

Distilled  Water,  a  sufficient  quantity, 

To  make  one  thousand  grammes 1000  Gm. 

Mix  the  Diluted  Hydrochloric  Acid  with  two  hundred  and  fifty  grammes  of  Dis- 
tilled Water,  in  a  tared  porcelain  dish,  add  the  Arsenic  Trioxide,  and  boil  the  mixture 
until  the  Arsenic  Trioxide  is  dissolved.  Then  add  enough  Distilled  Water  to  make 
the  product  weigh  one  thousand  grammes.     Filter  through  paper. 

A  clear,  colorless  liquid,  odorless,  having  an  acidulous  taste  and  an  acid  reaction. 

If  to  24.6  Gm.  of  Solution  of  Arsenous  Acid  about  2  Gm.  of  sodium  bicarbonate 
and  100  Cc.  of  water  be  added,  not  less  than  50  Cc.  of  tenth-normal  iodine  V.S. 
should  be  required  to  produce  a  permanent  yellow  tint  (corresponding  to  1  Gm.  of 
arsenic  trioxide  in  100  Gm.  of  the  Solution). 

Remarks. — This  is  a  1  per  cent,  solution  of  arsenous  acid  in  water, 
containing  5  per  cent,  of  diluted  hydrochloric  acid.  The  preparation 
was  formerly  called  solution  of  arsenic  chloride,  it  being  supposed 
that  the  hydrochloric  acid  combined  with  the  arsenous  acid  with 
the  formation  of  the  chloride.  This  view  is  not  generally  held,  how- 
ever, at  the  present  time,  the  function  of  the  hydrochloric  acid  being 
supposed  as  merely  rendering  the  arsenous  acid  more  soluble. 

Dose. — 0.2  Cc.  (3  minims). 
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LIQUOR  AMMONII  ACETATIS.     Solution  of  Ammonium  Acetate. 

This  useful  preparation,  known  as  Spirit  of  Mindererus,  will  be 
discussed  on  p.  487. 

LIQUOR   ANTISEPTICUS.     Antiseptic   Solution. 

Recipe. — Boric  Acid,  twenty  grammes 20.00  Gm. 

Benzoic  Acid,  one  gramme 1.00  Gm. 

Thymol,  one  gramme 1.00  Gm. 

Eucalyptol,  one-fourth  cubic  centimeter 0.25  Cc. 

Oil  of  Peppermint,  one-half  cubic  centimeter 0.50  Cc. 

Oil  of  Gaultheria,  one-fourth  cubic  centimeter. .  .  .       0.25  Cc. 

Oil  of  Thyme,  one-tenth  cubic  centimeter 0.10  Cc. 

Alcohol,  two  hundred  and  fifty  cubic  centimeters  . .   250.00  Cc. 

Purified  Talc,  twenty  grammes 20.00  Gm. 

Water,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters. . .  1000.00  Cc. 

Dissolve  the  Boric  Acid  in  seven  hundred  cubic  centimeters  of  Water,  and  the 
Benzoic  Acid  in  one  hundred  and  fifty  cubic  centimeters  of  Alcohol,  and  pour  the 
aqueous  solution  into  the  alcohoUc  solution.  Then  dissolve,  in  a  mortar,  the  Thymol 
in  the  Eucalyptol  and  Oils  of  Peppermint,  Gaultheria,  and  Thyme;  thoroughly 
incorporate  the  Purified  Talc,  and  add,  with  constant  trituration,  the  solution  first 
prepared.  Allow  the  mixture  to  stand,  with  occasional  agitation,  during  forty- 
eight  hours,  filter,  add  one  hundred  cubic  centimeters  of  Alcohol  to  the  clear  filtrate, 
and  a  sufficient  quantity  of  Water  to  make  the  finished  product  measure  one  thousand 
cubic  centimeters. 

RemarJcs. — This  new  official  is  an  elegant  preparation  similar  to 
the  many  antiseptic  solutions  exploited  under  trade  names.  To 
secure  an  entirely  satisfactory  product  it  is  essential  that  the  oils 
employed  be  of  the  finest  quality. 

Medical  Properties. — Used  for  the  many  purposes  for  which  a 
harmless  antiseptic  can  be  employed — a  gargle  for  sore  throat,  a 
mouth-wash,  and  internally  for  gastric  disturbances.  For  the  latter 
purpose,  however,  it  should  be  used  with  caution. 

Dose. — 4  Cc.  (1  fluidrachm). 

LIQUOR  ARSENI  ET  HYDRARGYRI  lODIDI.     Solution  of  Arsen- 
ous  and  Mercuric  Iodides. 

An  aqueous  solution,  which  should  contain  not  less  than  1  per  cent, 
of  Arsenous  Iodide  and  1  per  cent,  -of  Mercuric  Iodide. 

Recipe. — Arsenous  Iodide,  ten  grammes 10  Gm. 

Red  Mercuric  Iodide,  ten  grammes 10  Gm. 

Distilled  Water,  a  sufficient  quantity, 

To  make  one  thousand  grammes .  .   1000  Gm. 

Rub  the  Arsenous  Iodide  and  Red  Mercuric  Iodide  together  in  a  mortar,  add 
one  hundred  and  fifty  cubic  centimeters  of  Distilled  Water,  a,nd  continue  the  tritura- 
tion until  solution  is  effected.  Filter  the  solution,  and  pass  sufficient  Distilled  Water 
through  the  filter  to  make  the  product  weigh  one  thousand  grammes.     Mix  thoroughly. 

A  clear,  colorless  or  pale  yellowish  liquid,  without  odor,  and  having  a  disagreeable 
metallic  taste. 

Remarks. — This  preparation  has  as  its  synonym  Donovan's  Solu- 
tion, and  contains  1  per  cent,  of  arsenous  iodide  and  1  per  cent,  of 
mercuric  iodide  dissolved  in  water.  The  pharmacopoeia  directs  that 
Donovan's  solution  should  be  not  more  than  a  pale  yellow  color; 
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but  on  standing  this  solution  becomes  red,  and  such  red  solutions 
should  not  be  dispensed,  as  it  is  supposed  to  contain  traces  of  free 
iodine.  This  may  be  prevented  by  placing  a  globule  of  mercury 
in  the  container  holding  the  solution. 

LIQUOR  CALCIS.     Solution  of  Calcium  Hydroxide. 

This  well-known  preparation,  commonly  called  Ldme  Water,  will 
be  considered  among  the  other  preparations  of  calcium  (p.  506). 
In  the  present  system  of  grouping  pharmaceuticals  the  old  Latin 
name  Aqua  Calcis  is  a  misnomer,  since  its  active  constituent,  calcium 
hydroxide,  is  a  non-volatile  solid,  while  official  waters  are  solutions 
of  volatile  bodies. 

LIQUOR  CHLORI  COMPOSITUS.     Compound  Solution  of  Chlorine. 

As  already  mentioned,  the  new  official  replaces  the  formerly 
official  chlorine  water,  and  it  will  be  discussed  among  the  prepara- 
tions of  chlorine  (p.  371). 

LIQUOR    CRESOLIS    COMPOSITUS.     Compound  Solution  of  Cresol. 

This  new  official,  similar  to  but  not  identical  with  the  patent 
preparations,  creolin  and  lysol,  will  be  discussed  among  the  cresol 
derivatives  (p.  773). 

LIQUOR  FERRI  CHLORIDI.     Solution  of  Ferric  Chloride. 

LIQUOR  FERRI  ET  AMMONII  ACETATIS.     Solution  of  Iron  and 

Ammonium  Acetate. 

LIQUOR  FERRI  SUBSULPHATIS.     Solution  of  Ferric  Subsulphate. 

LIQUOR  FERRI  SULPHATIS.     Solution  of  Ferric  Sulphate. 

These  four  chemical  solutions  of  iron  will  be  discussed  in  the 
chapter  devoted  to  that  element  (Chapter  XXXI). 

LIQUOR  FORMALDEHYDI.     Solution  of  Formaldehyde. 

This  37  per  cent,  solution  of  the  gas  formaldehyde,  sometimes 
called  Formalin,  will  be  discussed  under  Formaldehyde  (p.  647). 

LIQUOR  HYDRARGYRI  NITRATIS.     Solution  of  Mercuric  Nitrate. 
This  heaviest  of  all  official  solutions  will  be  considered  on  p.  619. 

LIQUOR   lODI   COMPOSITUS.     Compound  Solution  of  Iodine. 

An  aqueous  solution,  which  should  contain  not  less  than  5  per 
cent,  of  iodine  and  10  per  cent,  of  potassium  iodide. 

Recipe. — Iodine,  five  grammes 5  Gm. 

Potassium  Iodide,  ten  grammes 10  Gm. 

Distilled  Water,  a  sufficient  quantity,  

To  make  one  hundred  grammes.  .  ICK)  Gm. 

Dissolve  the  Iodine  and  Potassium  Iodide  in  a  suflScient  quantity  of  Distilled 
Water  to  make  the  product  weigh  one  hundred  gramme.  Keep  the  Solution  in 
glass-stoppered  bottles. 
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For  complete  decolorization  6.3  Gm.  of  the  Solution  should  require  not  less 
than  24.75  Cc.  of  tenth-normal  sodium  thiosulphate  V.S.  (each  Cc.  of  the  tenth- 
normal sodium  thiosulphate  V.S.  corresponding  to  0.2  per  cent,  of  Iodine). 

Remarks. — The  synonym  of  this  compound  is  Lugol's  solution, 
which  should  not  be  confounded  with  Dobell's  solution  (p.  459),^  as 
it  was  in  one  case  when  a  pharmacist  translated  the  poor  writing 
of  a  physician  calling  for  Dobell's  solution  into  Lugol's  solution, 
which  was  accordingly  sprayed  into  the  throat,  with  exceedingly 
irritating  results. 

Compound  solution  of  iodine  contains  5  per  cent,  of  iodine  dis- 
solved in  water  by  means  of  10  per  cent,  of  potassium  iodide.  This 
proves  the  interesting  fact  that  while  iodine  scarcely  dissolves  in 
water,  it  is  freely  soluble  in  solution  of  potassium  iodide. 

Dose. — 0.2  Cc.  (3  minims). 

LIQUOR  MAGNESII   CITRATIS.     Solution  of  Magnesium  Citrate. 

This  popular  and  valuable  official,  sometimes  called  "Purgative 
Lemonade, "  will  be  discussed  on  p.  500. 

LIQUOR   PLUMBI   SUBACETATIS.     Solution  of  Lead  Subacetate. 

Discussed  on  p.  601. 

LIQUOR  PLUMBI  SUBACETATIS   DILUTUS.     Diluted  Solution 
of  Lead  Subacetate. 
An  aqueous  liquid,  which  should  contain  about  1  per  cent,  of 
Lead  Subacetate. 

Recipe. — Solution  of  Lead  Subacetate,  forty  grammes 40  Gm. 

Distilled  Water,  a  sufficient  quantity, 

To  make  one  thousand  grammes.  .   1000  Gm. 

Mix  the  Solution  of  Lead  Subacetate  with  enough  Distilled  Water,  previously 
boiled  and  cooled,  to  make  the  product  weigh  one  thousand  grammes.  Keep  the 
Solution  in  well-stoppered  bottles. , 

Remarks. — This  official  is  called  lead  water,  and  contains  but 
4  parts  of  solution  of  lead  subacetate  to  100  parts  finished  solution; 
hence  it  is  much  weaker.  The  pharmacopoeia  provides  that  the 
solution  of  lead  subacetate  be  diluted  with  distilled  water  which  has 
been  previously  boiled  and  cooled.  The  boiling  in  this  case  is  to  rid 
the  water  of  its  dissolved  carbonic  acid,  for  if  the  unboiled  water  is 
brought  into  contact  with  the  solution  of  lead  subacetate,  a  precipita- 
tion of  lead  carbonate  occurs,  with  corresponding  loss  in  the  lead 
strength  of  the  official  preparation.  In  order  to  prevent  the  forma- 
tion of  this  lead  carbonate  in  the  official  product  the  pharmacopoeia 
directs  that  the  solution  be  kept  in  well-stoppered  bottles.  Lead  water 
is  best  dispensed  opalescent,  to  avoid  the  danger  of  confusing  this 
poisonous  preparation  with  the  harmless  "lime  water." 

Medical  Properties. — Used  exclusively  externally  as  a  soothing 
wash  in  frost-bite,  ivy-poisoning,  etc.  Hence  no  dose  is  given  by 
the  pharmacopoeia. 

LIQUOR  POTASSII  ARSENITIS.     Solution  of  Potassium  Arsenite. 

LIQUOR  POTASSII   CITRATIS.     Solution  of  Potassium  Citrate. 
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LIQUOR   POTASSII  HYDROXIDI.     Solution  of  Potassium 

Hydroxide. 

Can  best  be  studied  among  the  derivatives  of  potassium  (Chapter 
XXV.). 

LIQUOR  SODJE   CHLORINATE.     Solution  of  Chlorinated  Soda. 

See  p.  393. 

LIQUOR   SODII   ARSENATIS.     Solution  of  Sodium  Arsenate. 

An  aqueous  solution,  which  should  contain  Sodium  Arsenate  corre- 
sponding in  amount  to  not  less  than  1  per  cent,  of  Exsiccated  Sodium 
Arsenate. 

Recipe. — Exsiccated  Sodium  Arsenate,  one  gramme 1  Gm. 

Distilled  Water,  a  sufficient  quantity,  


To  make  one  hundred  grammes . .    100  Gm. 

Dissolve  the  Exsiccated  Sodium  Arsenate  in  a  sufficient  quantity  of  Distilled 
Water  to  make  the  product  weigh  one  hundred  grammes. 

The  Solution  should  conform  to  the  reactions  and  tests  for  an  aqueous  solution 
of  the  salt  given  under  Sodii  Arsenas  Exsiccatus. 

Remarfcs. — This  is  a  1  per  cent,  solution  of  sodium  arsenate  in 
water.  The  sodium  arsenate  must,  however,  be  previously  deprived 
of  its  water  of  crystallization;  that  is,  it  must  be  the  exsiccated  sodium 
arsenate  of  the  present  pharmacopoeia.  This  preparation  is  one  of 
the  four  arsenical  solutions  directed  by  the  pharmacopoeia,  the 
others  being  solution  of  arsenous  acid,  solution  of  arsenous  and 
mercuric  iodides,  and  solution  of  potassium  arsenite,  the  latter  being 
considered  among  the  chemical  solutions. 

It  is  well  to  bear  in  mind  that  the  strength  of  these  four  arsenical 
solutions,  noting  that  while  all  of  them  are  1  per  cent.,  it  does  not 
mean  that  each  contains  1  per  cent,  of  arsenic  trioxide,  U.  S.  P. 
Two  of  these,  solution  of  arsenous  acid  and  solution  of  potassium 
arsenite,  contain  1  per  cent,  of  arsenic  trioxide;  solution  of  arsenic 
and  mercuric  iodide  contains  1  per  cent,  of  arsenic  iodide,  while  in 
solution  of  sodium  arsenate  the  arsenical  compound  is  sodium  arsenate. 

Dose. — 0.2  Cc.  (3  minims). 

LIQUOR  SODII  HYDROXIDI.     Solution  of  Sodium  Hydroxide. 

While  this  preparation,  commonly  called  solution  of  soda,  is  directed 
by  the  present  pharmacopoeia  to  be  made  by  simple  solution  of 
sodium  hydroxide  in  water,  former  pharmacopoeias  directed  its 
manufacture  by  chemical  action.  Since  the  chemistry  of  this  solution 
is  most  interesting,  discussion  will  be  deferred  until  we  can  take  up 
the  chemical  side  (p.  456). 

The  same  statement  applies  with  equal  force  to  solution  of  potas- 
sium hydroxide. 

LIQUOR  SODII  PHOSPHATIS  COMPOSITUS.     Compound  Solution 
of   Sodium   Phosphate. 

This  galenic  can  best  be  considered  under  Sodium  Phosphate 
<p.  471). 
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LIQUOR   ZINCI  CHLORIDI.     Solution  of  Zinc  Chloride. 
See  p.  523. 

THE  DOSES  OF  OFFICIAL  SOLUTIONS 

0.1  Cc.  (li  minims) Solutions  of  arsenous   and  mercuric  iodide 

and  of  ferric  chloride. 

0.2  Cc.  (3  minims) Solutions   of   arsenous   acid,    ferric   subsul- 

phate,  iodine  compound,  potassium  arsen- 
ite,  and  sodium  arsenate. 
1  Cc.  (15  minims) Solutions   of   potassium   hydroxide,    chlori- 
nated soda,  and  sodium  hydroxide. 

4  Cc.  (1  fluidrachm) Antiseptic  solution  and  solution  of  chlorine 

compound. 

8  Cc.  (2  fluidrachms) Solution  of  sodium  phosphate  compound. 

16  Cc.  (4  fluidrachms) Solutions    of    ammonium    acetate,    calcium 

hydroxide,  iron  and  ammonium  acetate, 
and  potassium  citrate. 
360  Cc.  (12  fluidounces) Solution  of  magnesium  citrate. 

No  doses  are  assigned  the  official  solutions  not  mentioned  in  the 
above  list. 

MUCILAGES 

The  mucilages  are  aqueous  preparations  containing  viscid  sub- 
stances in  solution  or  suspension,  and  from  a  strictly  physical  point 
of  view  mucilages  should  scarcely  be  grouped  among  the  solutions. 

All  mucilages  should  be  freshly  prepared,  as  their  mucilaginous  con- 
stituents when  diluted  with  water  are  usually  prone  to  fermentation. 

One  of  the  official  mucilages  is  a  jelly  and  the  others  are  liquids. 
Two  official  mucilages  are  prepared  with  hot  water — mucilage  of 
tragacanth  and  the  mucilage  of  elm.  The  other  two  are  prepared 
with  cold  water — mucilage  of  acacia  and  mucilage  of  sassafras  pith. 
All  four  are  galenic  preparations. 

SPECIAL  NOTES  ON  OFFICIAL  MUCILAGES 

MUCILAGO  ACACIA.     Mucilage  of  Acacia. 

Recipe. — Acacia,  in  small  fragments,  three  hundred  and  forty 

grammes 340  Gm. 

Lime  Water,  three  hundred  and  thirty  grammes 330  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  grammes .  .   1000  Gm. 

Wash  the  Acacia  with  cold  Water,  and  allow  it  to  drain.  Add  the  Lime  Water 
to  it,  and  enough  Water  to  make  the  mixture  weigh  one  thousand  grammes,  agitate 
or  stir  it  occasionally  until  the  Acacia  is  dissolved,  and  strain.  Keep  the  product 
in  well-stoppered,  completely  filled  bottles,  in  a  cool  place. 

Remarks. — This  preparation  contains  from  3  to  4  per  cent,  of 
washed  gum  arabic  dissolved  in  lime  water  and  water,  and  the  phar- 
macopoeia directs  that  the  gum  arabic  be  in  the  form  of  small  pieces 
and  not  in  a  powder.  For  general  prescription  purposes,  however, 
especially  when  the  mucilage  of  gum  arabic  is  directed  as  one  of  the 
several  ingredients,  the  powdered  gum  arabic  is  generally  used,  its 
solution  being  much  quicker  than  the  gum  arabic  in  lumps.  The 
lime  water  is  added  to  facilitate  solution  of  the  gum,  the  free  arabic 
acid  it  sometimes  contains  being  thus  converted  into  the  more  soluble 
calcium  arabate.  The  lime  water  also  acts,  to  a  certain  extent,  as  a 
preservative. 
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In  preparing  large  quantities  of  the  mucilage  of  acacia,  as  in 
making  mucilage  to  sell  as  an  adhesive,  the  solution  of  the  gum 
arable  can  be  facilitated  by  placing  the  gum  in  a  muslin  bag  and 
suspending  it  on  the  surface  of  the  water  contained  in  the  crock. 
In  this  way  the  gum  arable  can  be  easily  dissolved  in  the  course  of  a 
few  hours  by  means  of  a  circulatory  solution. 

Dose. — 16  Cc.  (4  fluidrachms). 

MUCILAGO  SASSAFRAS  MEDULLA.     MucUage  of  Sassafras  Pith. 

Recipe. — Sassafras  Pith,  two  grammes 2  Gm. 

Water,  one  hundred  cubic  centimeters 100  Cc. 

Macerate  the  Sassafras  Pith  in  the  Water  during  three  hours,  and  strain  without 
expression.     This  preparation  should  be  freshly  made  when  wanted. 

Remarks. — This  is  prepared  by  macerating  2  per  cent,  of  sassafras 
pith  during  three  hours  and  then  straining  it. 

The  mucilage  of  sassafras  pith  is  used  as  a  basis  of  some  eye 
remedies  and  is  rarely  given  internally. 

Dose. — 16  Cc.  (4  fluidrachms). 

MUCILAGO  TRAGACANTH^.    MucUage  of  Tragacanth. 

Recipe. — Tragacanth,  six  grammes 6  Gm. 

Glycerin,  eighteen  grammes 18  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  hundred  grammes .  .  100  Gm. 

Mix  the  Glycerin  with  seventy-five  cubic  centimeters  of  Water  in  a  tared  vessel, 
heat  the  mixture  to  boiling,  add  the  Tragacanth,  and  macerate  during  twenty-four 
hours,  stirring  occasionally.  Then  add  enough  Water  to  make  the  mixture  weigh 
one  hundred  grammes,  beat  it  until  it  has  a  uniform  consistence,  and  strain  it  forcibly 
through  muslin. 

Remarks. — This  contains  6  per  cent,  of  tragacanth  and  18  per 
cent,  of  glycerin,  and  is  prepared  by  adding  tragacanth  to  boiling 
water  mixed  with  glycerin  and  straining  after  maceration  for  twenty- 
four  hours.  The  glycerin  aids  in  its  preservation.  It  is  a  semisolid 
of  much  value  as  a  pill  excipient,  and  is  practically  never  used  inter- 
nally. 

Dose. — 16  Cc.  (4  fluidrachms). 

MUCILAGO   ULMI.     MucUage  of  Elm. 

Recipe. — Elm,  bruised,  six  grammes 6  Gm. 

Water,  one  hundred  cubic  ceniimeters 100  Cc. 

Digest  the  Elm  with  the  Water,  on  a  water-bath,  in  a  covered  vessel,  during  one 
hour,  then  strain.     This  preparation  should  be  freshly  made  when  wanted. 

Remarks. — This  is  made  by  digesting  the  6  per  cent,  of  elm  in 
water  during  one  hour. 

Dose. — 16  Cc.  (4  fluidrachms). 

The  dose  of  all  the  official  mucilages  is  16  Cc.  (4  fluidrachms). 

SYRUPS 

The  next  class  of  preparations  to  claim  our  attention  are  the 
syrups,  which  are  preparations  containing  medicated  or  flavoring  sub- 
stances combined  with  a  concentrated  aqueous  solution  of  sugar. 
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A  concentrated  aqueous  solution  of  sugar  is  called  syrup  or  simple 
syrup.  If  the  substance  added  to  this  is  merely  a  pleasant  fruit  or 
an  aromatic,  the  finished  product  is  a  flavored  syrup,  while  if  the 
addition  is  of  a  medicinal  character,  the  product  is  a  medicated  syrup. 
The  manufacture  of  syrups,  while  it  is  simple  in  itself,  is  rather 
difficult  to  explain  in  a  general  way  by  reason  of  the  many  modifica- 
tions in  the  individual  processes  which  are  directed  in  the  pharma- 
copoeia. Moreover,  the  manufacture  of  the  syrups  may  be  considered 
from  two  points  of  view:  first,  the  method  by  which  the  sugar  is 
dissolved,  and,  second,  the  method  in  which  the  medicinal  or  flavor- 
ing constituent  is  blended  with  the  sugar. 

As  far  as  dissolving  the  sugar  is  concerned,  this  is  accomplished 
in  several  ways:  first,  the  solution  of  sugar  with  heat,  that  is,  by  placing 
the  sugar  in  an  appropriate  vessel,  adding  water,  and  possibly  a 
medicated  liquid,  and  warming  the  mixture  until  the  sugar  is  dis- 
solved. The  second  method  is  by  dissolving  the  sugar  in  a  medicated 
liquid  without  the  use  of  heat — the  so-called  cold  process  of  preparing 
syrups.  This  process  must,  in  turn,  be  divided  into  two  methods, 
the  sugar  being  dissolved  in  the  first  case  by  agitation,  that  is,  by 
simply  mixing  the  sugar  with  the  medicated  liquid,  and  shaking 
the  container  from  time  to  time  until  the  sugar  is  completely  dis- 
solved. Also  by  percolation:  In  this  method  a  piece  of  sponge  or 
large  pledget  of  absorbent  cotton  is  put  in  the  neck  of  the  percolator, 
the  granulated  sugar  is  poured  thereon  and  packed  down  as  well 
as  circumstances  permit,  and  the  requisite  amount  of  the  liquid  is 
poured  in  on  the  top.  The  liquid  is  attracted 
downward  by  the  force  of  gravitation,  and  in 
traversing  through  the  sugar  dissolves  enough  of 
it  to  make  a  saturated  solution;  and  in  this  way, 
if  the  requisite  quantity  of  liquid  is  added,  all 
the  sugar  will  be  dissolved,  and  at  the  end  of  the 
process  nothing  will  remain  in  the  percolator 
except  the  straining  medium  and  any  insoluble 
matter  that  was  mixed  with  the  sugar. 

For  preparing  pharmacopoeial  syrups  this  pro- 
cess of  percolation  is  permitted,  but  the  writer 
has  found  that  it  possesses  the  great  objection 
that  there  is  always  a  considerable  quantity  of 
sugar  that  is  not  dissolved  by  the  percolating 
liquid,  and  in  order  to  redissolve  this  it  is  neces- 
sary to  spread  the  sugar  carefully  over  the  cotton 
plug  and  pass  the  liquid  through  once  more.  But  even  this  is  not 
always  successful. 

For  the  preparation  of  syrup  for  soda-fountain  use  this  method 
of  cold  percolation  is  unexcelled,  for  in  this  case  the  complete  solution 
of  the  sugar  is  not  absolutely  necessary.  Soda  syrup  can  be  prepared 
in  the  very  simple  apparatus  shown  in  Fig.  163.  This  apparatus 
was  built  of  two  five-gallon  castor-oil  tins,  the  lower  one  provided 
with  a  brass  faucet,  while  a  sufficient  amount  of  the  bottom  of  the 
upper  one  was  left  to  form  a  margin  on  which  rested  a  diaphragm 
of  tin,  pierced  with  holes,  over  which  was  placed  a  piece  of  Canton 
flannel  which  served  as  a  strainer.     Through  the  center  of  this  dia- 


Fig.    163.— Syrup   per 
colator. 
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phragra,  up  to  the  top  of  the  upper  can,  passes  a  piece  of  tin  tubing 
intended  to  permit  the  exit  of  air  from  the  lower  can.  This  diaphragm 
being  placed  in  position,  granulated  sugar  is  thrown  in  the  upper 
can  until  completely  filled,  and  one  gallon  of  water  is  poured  thereon. 
The  water  penetrates  the  sugar,  dissolving  it,  and  is  finally  passed 
through  the  strainer  on  the  diaphragm,  dropping  into  the  lower  can 
a  saturated  solution  of  sugar  and  water.  When  the  first  gallon  of 
water  has  passed  through  the  sugar  is  repacked  in  the  upper  can, 
and  a  half-gallon  of  water  poured  on;  and  we  thus  obtain  about  four 
to  five  gallons  of  a  thick,  transparent  syrup.  The  sugar  remaining 
in  the  upper  can  is  poured  on  paper,  dried,  and  used  another  time 
with  a  fresh  quantity  of  sugar. 

As  to  the  special  methods  of  manufacturing  syrups,  the  following 
table  gives  a  glance  at  the  various  processes  employed. 


Process. 
Boiling  vnth  sugar. 


Adding  Medicated  Liquid 
TO  Syrup. 
Medicating  Liquid. 
Aqueous  solution. 

Glycerinic  solution. 
Fluidextract. 


Tincture. 
Diluted  tincture. 
Dissolving  Sugar  in  the 
Medicating  Liquid. 
Medicating  Liquid. 
Aromatic  water. 
Aqueous  solution. 
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Galenic  Preparations. 
Syrup  of  raspberry     (U.  S. 
P.  1890). 


MucUage. 
Infusion. 
Diluted  tincture. 


Diluted  fluidextract. 


Vinegar 


Syrup  of  almond. 
Syrup  of  citric  acid. 
Syrup  of  hydriodic  acid. 
Syrup  of  phosphates  of  iron, 
quinine,  and  strychnine. 
Syrup  of  krameria. 
Syrup  of  rhubarb. 
Syrup  of  rubus. 
Syrup  of  senega. 
Syrup  of  senna. 
Syrup  of  rhubarb,  aromatic. 
Syrup  of  lactucarium. 


Syrup  of  orange  flowers. 
Syrup  of  hypophosphites. 

Syrup  of  hypophosphites, 
compound. 

Syrup  of  tar. 

Syrup  of  acacia. 

Syrup  of  wild  cherry. 

Syrup  of  orange. 

Syrup  of  tolu. 

Syrup  of  ginger. 

Syrup  of  ipecac. 

Syrup  of  rose. 

Syrup  of  sarsaparilla,  com- 
pound. 

Syrup  of  squill,  compound. 

Syrup  of  squill. 


Chemical  Preparations. 
Syrup  of  lime. 


Syrup  of  ferrous  iodide. 


Syrup   of   calcium  lacto- 
phosphate. 


The  table  just  given  affords  an  insight  into  the  many  modifications 
necessary  in  preparing  the  official  syrups,  and  we  can  now  turn  to  a 
special  consideration  of  the  points  regarding  the  official  syrups,  giving 
the  same  in  alphabetic  order. 
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SPECIAL  NOTES  ON  OFFICIAL  SYRUPS 

SYRUPUS.     Syrup. 

Recipe. — Sugar,  in  dry  crystalline  granules,  eight  hundred  and 

fifty  grammes 850  Gm. 

Distilled  Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters.  .    1000  Cc. 

Dissolve  the  Sugar,  with  the  aid  of  heat,  in  four  hundred  and  fifty  cubic  centi- 
^meters  of  Distilled  Water,  raise  the  temperature  to  the  boiling-point,  strain  the 
liquid,  and  pass  enough  Distilled  Water  through  the  strainer  to  make  the  product, 
when  cold,  measure  one  thousand  cubic  centimeters.     Mix  thorouglily. 

Syrup  may  also  be  prepared  in  the  following  manner: 

Press  down  into  the  neck  of  a  percolator  of  suitable  size  a  pledget  of  purified 
cotton,  not  too  tightly,  in  such  a  manner  that  the  cotton  shall  nearly  fill  the  neck 
of  the  percolator,  and  moisten  it  with  a  few  drops  of  Distilled  Water;  introduce 
the  Sugar  into  the  percolator,  make  its  surface  level  without  shaking  or  jarring, 
then  carefully  pour  upon  it  four  hundred  and  fifty  cubic  centimeters  of  Distilled  Water, 
and  regulate  the  flow  of  the  liquid,  if  necessary,  so  that  it  will  pass  out  in  rapid 
drops.  Return  the  first  portions  of  the  percolate  until  it  runs  through  clear,  and 
when  all  the  liquid  has  passed,  follow  it  by  Distilled  Water,  added  in  portions,  so 
that  all  the  Sugar  may  be  dissolved,  and  the  product  measure  one  thousand  cubic 
centimeters.     Mix  thoroughly. 

Syrup  thus  prepared  has  a  specific  gravity  of  about  1.313  at  25°  C.  (77°  F.). 

Remarks. — Syrup,  or  what  is  commonly  called  simple  syrup,  is 
an  85  per  cent,  solution  of  sugar  in  water.  It  is  prepared  either  by 
dissolving  with  boiling  water  or  by  percolation  of  water  through  sugar. 
The  official  syrup  should  have  a  specific  gravity  of  about  1.313,  and 
it  is  exceedingly  poor  economy  to  attempt  to  use  a  syrup  much  thinner 
than  this.  Syrups  containing  a  smaller  quantity  of  sugar  will  invar- 
iably ferment,  and  the  apparent  economy  in  saving  a  small  quantity 
of  sugar  in  making  the  syrup  is  more  than  counterbalanced  by  the 
necessity  of  throwing  away  a  batch  of  spoiled  syrup.  On  the  other 
hand,  avoid  using  more  sugar  than  directed  by  the  pharmacopoeia. 
If  the  syrup  is  prepared  by  percolation,  there  is  no  danger  of  this 
extra  sugar  dissolving  up;  but  if  the  syrup  is  prepared  by  warm 
solution,  it  will  dissolve,  and  on  standing  the  excess  of  sugar  will 
crystallize  out.  As  already  stated  (p.  122),  in  such  cases  the  portion 
crystallizing  out  does  not  merely  represent  the  excess  of  sugar,  but 
the  moment  crystallization  has  started,  the  crystals  formed  will  draw 
from  the  solution  practically  all  the  sugar  originally  contained  therein. 
The  result  is  that  in  preparing  any  of  the  official  syrups  the  phar- 
macist using  an  excess  of  sugar  in  order  to  produce  a  more  suitable 
preparation  defeats  the  very  object  sought  for,  and  brings  about  the 
very  condition  which  would  result  were  a  deficiency  of  sugar  used, 
for  as  soon  as  a  large  amount  of  sugar  is  crystallized  out,  the  re- 
maining mother  liquid,  being  deficient  in  saccharine  strength,  com- 
mences to  ferment.  If  the  syrup  is  properly  prepared,  there  is  no 
necessity  for  elaborate  precautions  of  preserving  the  same,  although 
it  should,  of  course,  be  kept  in  well-stoppered  bottles. 

SYRUPUS   ACACIA.     Syrup  of  Acacia. 

Recipe. — Acacia,  in  selected  pieces,  one  hundred  grammes 100  Gm. 

Sugar,  eight  hundred  grammes 800  Gm. 

Distilled  Water,  four  hundred  and  thirty  cubic  cen- 
timeters      430  Cc. 

To  make  one  thousand  cubic  centimeters.  .   1000  Co. 
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Introduce  the  Acacia  into  an  enamelled  or  porcelain  dish,  add  the  Distilled 
Water,  and  stir  occasionally  until  the  Acacia  is  dissolved;  then,  having  added  the 
Sugar,  place  the  dish  on  a  water-bath  and  apply  heat,  gradually  increasing  the 
temperature,  and  stirring  from  time  to  time  until  the  Sugar  is  dissolved.  Strain 
the  Syrup,  if  necessary,  and  add  sufficient  Distilled  Water  to  make  the  product 
measure  one  thousand  cubic  centimeters. 

Syrup  of  Acacia  should  be  made  in  small  quantities,  and  stored  in  small,  tightly 
stoppered  bottles  in  a  cool  place. 

Remarks. — Syrup  of  acacia  should  be  freshly  prepared.  Some 
pharmacists  use  it  as  a  pill  excipient,  although  pills  so  made  are 
usually  too  hard. 

SYRUPUS  ACIDI   CITRICI.     Syrup  of  Citric  Acid. 

Recipe. — Citric  Acid,  ten  grammes 10  Gm. 

Distilled  Water,  ten  cubic  centimeters 10  Co. 

Tincture  of  Fresh  Lemon  Peel,  ten  cubic  centi- 
meters   10  Cc. 

Syrup,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .  1000  Cc. 

Dissolve  the  Citric  Acid  in  the  Distilled  Water  and  mix  the  solution  with  five 
hundred  cubic  centimeters  of  Syrup,  then  add  the  Tincture  of  Fresh  Lemon  Peel, 
and  lastly  enough  Syrup  to  make  the  product  measure  one  thousand  cubic  centimeters. 
Mix  thoroughly. 

Remarks. — This  is  approximately  the  average  soda-fountain 
syrup  of  lemon,  although  that  made  from  the  fresh  lemons  is  much 
to  be  preferred.  Used  entirely  as  ^  flavor.  No  dose  given  by  the 
pharmacopoeia. 

SYRUPUS  ACIDI  HYDRIODICI.     Syrup  of  Hydriodic  Acid. 

This  official  derivative  of  hydriodic  acid  can  best  be  explained 
in  Part  III.  (p.  415). 

SYRUPUS  ALLII  (Syrup  of  Garlic)  and  SYRUPUS  ALTR^JE  (Syrup 

of  Althaea), 

which  were  recognized  by  the  pharmacopoeia  of  1890,  were  dropped 
in  the  last  revision  and  are  of  too  little  importance  to  merit  more 
than  this  passing  mention. 

SYRUPUS   AMYGDALiE.     Syrup  of  Almond. 

Recipe. — Spirit  of  Bitter  Almond,  ten  cubic  centimeters 10  Cc. 

Orange  Flower  Water,  one  hundred  cubic  centi- 
meters      100  Cc. 

Syrup,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters.  .   1000  Cc. 
Mix  them. 

Remarks. — The  composition  of  this  syrup  underwent  a  radical 
change  in  the  last  pharmacopoeial  revision. 

Syrup  of  almond  (U.  S.  P.  1890)  was  prepared  from  an  emulsion 
of  almond,  and  was  a  milky  liquid,  popular  as  a  flavor  in  the  South 
under  the  name  of  orgeate  syrup. 

Syrup  of  almond  (U.  S.  P.  VIII.),  made  from  spirit  of  bitter 
almond,   orange  flower  water,   and  syrup,  is  a  transparent  liquid. 

13 
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For  flavoring  purposes  it  is  as  satisfactory  as.  the  old-time  orgeats 
syrup,  and  it  is  much  more  stable. 
Dose. — 4  Cc.  (1  fluidrachm). 

SYRUPUS  AURANTII.     Syrup  of  Orange. 

Recipe. — Tincture  of  Sweet  Orange  Peel,  fifty  cuMc  centi- 
meters   50  Cc. 

Citric  Acid,  five  grammes 5  Gm. 

Magnesium  Carbonate,  ten  grammes 10  Gm. 

Sugar,  eight  hundred  and  twenty  grammes 820  Gm. 

Water,  o  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters .  .  1000  Cc. 

Triturate  the  Magnesium  Carbonate  in  a  mortar  with  the  Tincture,  add  gradually 
four  hundred  cvMc  centimeters  of  Water,  filter,  and  add  sufficient  Water  through 
the  filter  to  obtain  four  hundred  and  fifty  cubic  centimeters  of  filtrate;  in  this  dissolve 
the  Citric  Acid  and  Sugar  by  agitation  without  heat,  and  add  sufficient  Water  to 
make  the  product  measure  one  thousand  cubic  centimeters.     Mix  thoroughly. 

RemarJcs. — This  is  a  very  palatable  flavoring  syrup,  hence  no 
dose  is  assigned  it  in  the  pharmacopceia. 

SYRUPUS  AURANTII  FLORUM.     Syrup  of  Orange  Flowers. 

Recipe. — Sugar,  eight  hundred  and  fifty  grammes 850  Gm. 

Orange  Flower  Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

Dissolve  the  Sugar  in  four  hundred  and  fifty  cubic  centimeters  of  Orange  Flower 
Water  by  agitation,  without  heat,  add  enough  Orange  Flower  Water  to  make  the 
product  measure  one  thousand  cubic  centimeters,  and  mix  thoroughly. 

Syrup  of  Orange  Flowers  may  also  be  prepared  in  the  following  manner: 
Prepare  a  percolator  or  funnel  in  the  manner  described  under  Syrupus.  Pour 
four  hundred  and  fifty  cubic  centimeters  of  Orange  Flower  Water  upon  the  Sugar, 
return  the  first  portions  of  the  percolate  until  it  runs  through  clear,  and,  when  all 
the  liquid  has  passed,  follow  it  by  Orange  Flower  Water,  untfl  the  product  measures 
one  thousand  cubic  centimeters.    Mix  thoroughly. 

RemarJcs. — Another  pleasant  flavoring  syrup. 

SYRUPUS  CALCII   LACTOPHOSPHATIS.     Syrup  of  Calcium 
Lactophosphate. 

This  syrup  will  be  considered  among  the  derivatives  of  lactic 
acid  (p.  514). 


See  p.  507. 


SYRUPUS   CALCIS.     Syrup  of  Lime. 


SYRUPUS  FERRI  lODIDI.     Syrup  of  Ferrous  Iodide. 

Fully  described  among  the  compounds  of  iron  (Chapter  XXXI). 

SYRUPUS   FERRI,    QUININE,  ET  STRYCHNINiE  PHOSPHATUM. 
Syrup  of  the  Phosphates  of  Iron,  Quinine,  and  Strychnine. 
Recipe. — Glycerite  of  the  Phosphates  of  Iron,  Quinine,  and 

Strychnine,  two  hundred  and  fifty  cubic  centimeters     250  Cc. 
Syrup,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters.  .   1000  Cc. 
Mix  them.     Strain,  if  necessary. 
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Remarks. — This  official,  commonly  called  Easton's  syrup,  is  an 
excellent  tonic,  although  of  rather  limited  popularity  because  of  its 
intensely  bitter  taste.  To  make  a  stable  preparation  is  a  matter  of 
difficulty,  the  usual  product  turning  black  and  eventually  precipitat- 
ing.    Hence  the  use  of  the  glycerite  in  the  present  official  recipe. 

Dose. — 4  Cc.  (1  fluidrachm),  containing  about  ^  grain  of  strych- 
nine. 

SYRUPUS  HYPOPHOSPHITUM.     Syrup  of  Hypophosphites. 

Recipe. — Calcium  Hypophosphite,  forty-five  grammes 45  Gm. 

Potassiiun  Hypophosphite,  fifteen  grammes 15  Gm. 

Sodiiun  Hypophosphite,  fifteen  grammes 15  Gm. 

Diluted  Hypophosphorous  Acid,  two  grammes 2  Gm. 

Sugar,  six  hundred  and  fifty  grammes 650  Gm. 

Tincture  of  Fresh  Lemon  Peel,  five  cubic  centi- 
meters   5  Cc. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .  1000  Cc. 

Triturate  the  Hypophosphites  with  four  hundred  and  fifty  cubic  centimeters  of 
Water,  until  they  are  dissolved,  add  the  Tincture  of  Fresh  Lemon  Peel,  and  the 
Hypophosphorous  Acid,  and  filter  the  liquid.  In  the  filtrate  dissolve  the  Sugar 
by  agitation,  without  heat,  and  add  enough  water,  through  the  filter,  to  make  the 
product  measure  one  thousand  cubic  centimeters.  •  Strain,  u  necessary. 

Syrup  of  Hypophosphites  may  also  be  prepared  in  the  following  manner: 
Prepare  a  percolator  or  funnel  in  the  manner  described  under  Syrupus.  Pour 
the  filtrate  obtained  as  directed  in  the  preceding  formula  upon  the  Sugar,  return 
the  first  portions  of  the  percolate  until  it  runs  through  clear,  and,  when  all  the 
liquid  has  passed,  follow  it  with  Water,  until  the  product  measures  one  thotisand 
ciMc  centimeters.     Mix  thoroughly. 

Remarks. — In  the  manufacture  of  this  syrup,  if  any  difficulty  is 
found  in  dissolving  the  calcium  hypophosphite,  the  fault  is  apt  to  lie 
in  the  salt,  as  the  large  amount  of  commercial  calcium  hypophosphite 
is  not  pure. 

Dose. — 8  Cc.  (2  fluidrachms). 

SYRUPUS   HYPOPHOSPHITUM    COMPOSITUS.     Compound    Syrup 

of   Hypophosphites. 

Recipe. — Calcium  Hypophosphite,  thirty-five  grammes 35.00  Gm. 

Potassium  Hypophosphite,   seventeen  and  one- 
half  grammes 17.50  Gm. 

Sodium  Hypophosphite,  seventeen  and  one-half 

grammes 17.50  Gm. 

Ferric     Hypophosphite,     two     and     one-fourth 

grammes 2.25  Gm. 

Manganese  Hypophosphite,  two  and  one-fourth 

grammes 2.25  Gm. 

Quinine,  one  and  one-tenth  grammes 1.10  Gm. 

Strychnine,  one  hundred  and  fifteen  milligrammes  0.115  Gm. 

Sodium  Citrate,  three  and  three-fourths  grammes..  3.75  Gm. 

Diluted   Hypophosphorous   Acid,   fifteen  cubic 

centimeters 15.00  Cc. 

Sugar,  seven  hundred  and  seventy-five  grammes. . .  775.00  Gm. 

Water,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters  1000.00  Cc. 

Rub  the  Ferric  and  Manganese  Hypophosphites  with  the  Sodium  Citrate,  add 
thirty  cubic  centimeters  of  Water,  and  warm  the  mixtiure  for  a  few  minutes,  imtil  a 
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clear  greenish  solution  is  obtained.  Dissolve  the  Calcium,  Potassium,  and  Sodium 
Hypophosphites  in  four  hundred  and  fifty  cubic  centimeters  of  Water,  to  which  five 
cubic  centimeters  of  Diluted  Hypophosphorous  Acid  has  previously  been  added; 
then  dissolve  the  Quinine  and  Strychnine  in  thirty  cubic  centimeters  of  Water  with 
the  aid  of  ten  cubic  centimeters  of  Diluted  Hypophosphorous  Acid,  and  finally  dis- 
solve the  Sugar,  with  agitation,  in  these  solutions,  previously  mixed. 

Strain  the  Syrup,  if  necessary,  and  add  sufficient  Water,  through  the  strainer, 
to  make  the  product  measure  one  thousand  cubic  centimeters. 

Remarlcs. — This  new  official,  which  is  practically  identical  with 
the  preparation  of  the  same  name  of  the  former  National  Formulary, 
is  intended  to  replace  the  many  commercial  varieties  of  syrup  of 
hypophosphites.  For  the  first  time  we  have  official  a  syrup  of 
hypophosphites  designated  as  "compound,"  something  that  was  much 
desired,  since  formerly  a  pharmacist  receiving  a  prescription  calling 
for  "Syr.  Hypophos.  Co."  was  in  a  quandary  as  to  whether  the 
physician  desired  Syrup  of  Hypophosphites,  U.  S.  P.,  Syrup  of  Hypo- 
phosphites with  Iron,  U.  S.  P.  1890,  Syrup  of  Hypophosphites,  N.  F., 
or  one  of  the  many  proprietary  syrups  bearing  that  name. 

Dose. — 8  Cc.  (2  fluidrachms). 

Syrup  of  hypophosphites  with  iron  (U.  S.  P.  1890)  was  the  official 
syrup  of  hypophosphites  combined  with  ferrous  lactate.  It  was 
never  very  popular,  the  present  official  compound  syrup  of  hypo- 
phosphites being  a  much  more  satisfactory  product. 

SYRUPUS   IPECACUANHiE.     Syrup  of  Ipecac. 

Recipe. — Fluidextract  of  Ipecac,  seventy  cubic  centimeters. ...  70  Cc. 

Acetic  Acid,  ten  cubic  centimeters 10  Cc. 

Glycerin,  one  hundred  cubic  centimeters 100  Cc. 

Sugar,  seven  hundred  grammes 700  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .  .  1000  Cc. 

Dilute  the  Fluidextract  of  Ipecac  with  three  hundred  cubic  centimeters  of  Water 
to  which  the  Acetic  Acid  has  previously  been  added,  and  mix  them  thoroughh''  by 
shaking;  set  the  liquid  aside  in  a  cool  place  for  twenty-four  hours.  Then  filter, 
and  pass  enough  Water  through  the  filter  to  obtain  four  hundred  and  fifty  cubic 
centimeters  of  filtrate.  To  this  liquid  add  the  Glycerin,  dissolve  the  Sugar  in  the 
mixture,  and  add  enough  Water  to  make  the  product  measure  one  thousand  cubic 
centimeters.     Mix  thoroughly  and  strain,  if  necessary. 

Syrup  of  Ipecac  may  also  be  prepared  in  the  following  manner: 

Prepare  a  percolator  or  funnel  in  the  manner  described  under  Syrupus. 

Mix  the  filtrate  obtained  as  directed  in  the  preceding  formula  with  the  Glycerin, 
pour  the  mixture  upon  the  Sugar,  return  the  first  portions  of  the  percolate,  until 
it  runs  through  clear,  and,  when  all  the  liquid  has  passed,  follow  it  with  Water, 
until  the  product  measures  one  thousand  cubic  centimeters.     Mix  thoroughly. 

RemarJcs. — The  addition  of  acetic  acid  is  to  insure  solution  of  the 
alkaloid  emetine. 

Dose. — Expectorant,  1  Cc.  (15  minims).  Emetic,  15  Cc.  (4  fluid- 
rachms). 

SYRUPUS   KRAMERIiE.     Syrup  of  Krameria. 

Recipe. — Fluidextract  of  Krameria,  four  hundred  and  fifty 

cubic  centimeters 450  Cc. 

Syrup,  five  hundred  and  fifty  cubic  centimeters 550  Cc. 


To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 
Mix  them. 
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Remarks. — Note  that  while  ten  syrups  (krameria,  rhubarb,  rubus, 
senega,  senna,  ginger,  ipecac,  rose,  sarsaparilla  compound,  and  squill 
compound)  are  made  from  the  fluidextract,  the  first  five  are  made  by 
simply  mixing  the  fluidextract  with  the  syrup,  while  in  making  the 
last  five  the  fluidextract  is  diluted  with  water  and  other  ingredients, 
filtered,  and  sugar  dissolved  in  the  perfectly  transparent  filtrate. 
The  latter  process — shown  in  the  recipe  for  syrup  of  ipecac  given 
just  above — is  much  preferable  merely  to  mixing  the  fluidextract  with 
syrups  (as  in  making  syrup  of  krameria),  which  almost  invariably 
yields  a  cloudy,  unsightly  product. 

Dose. — 4  Cc.  (1  fluidrachm). 

SYRUPUS  LACTUCARII.     Syrup  of  Lactucarium. 
Recipe. — Tincture  of  Lactucarium,  one  hundred  cubic  cen- 
timeters   100  Cc. 

Glycerin,  two  hundred  cubic  centimeters 200  Cc. 

Citric  Acid,  one  gramme 1  Gm. 

Orange  Flower  Water,  fijty  cubic  centimeters 50  Cc. 

Syrup,  a  sufficient  qyiantity, 

To  make  one  thousand  cubic  centimeters.  .    1000  Cc. 
Mix  the  Tincture  of  Lactucarium  with  the  Glycerin,  add  the  Orange  Flower 
Water  in  which  the  Citric  Acid  has  been  previously  dissolved,  and  filter,  if  necessary. 
Finally,  add  a  sufficient  quantity  of  Syrup  to  make  the  product  measure  one  thousand 
cubic  centimeters.     Mix  thoroughly. 

Dose. — 8  Cc.  (2  fluidrachms). 

SYRUPUS   PICIS  LIQUIDiE.     Syrup  of  Tar. 

Recipe. — Tar,  five  grammes 5  Gm. 

Alcohol,  fifty  cubic  centimeters 50  Cc. 

Magnesium  Carbonate,  ten  grammes 10  Gm. 

Sugar,  eight  hundred  and  fifty  grammes 850  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .  1000  Cc. 
Mix  the  Tar  intimately,  in  a  mortar,  with  ten  grammes  of  clean  white  sand,  add 
one  hundred  cubic  centimeters  of  Water,  and,  after  kneading  the  mass  thoroughly 
with  the  pestle,  pour  off  the  Water  and  throw  it  away.  Treat  the  residue  with  the 
Alcohol,  and,  when  the  Tar  is  dissolved,  add  the  Magnesium  Carbonate  and  fifty 
grammes  of  Sugar,  and  after  thorough  trituration  add  four  hundred  cubic  centimeters 
of  Water;  stir  the  mixture  occasionally  during  two  hours,  and  filter.  Dissolve  the 
remainder  of  the  Sugar  in  the  clear  filtrate  by  gentle  heat,  strain,  and  add  sufficient 
Water  to  make  the  product  measure  one  thousand  cubic  centimeters. 

Remarks. — In  making  this  syrup  the  washed  tar  is  dissolved  in 
alcohol,  triturated  with  magnesium  carbonate  and  water,  and  then 
filtered.  In  the  resulting  tar  water  the  sugar  is  dissolved.  For 
general  purposes,  as  in  cough  syrups,  a  syrup  prepared  from  glycerole 
of  tar  (p.  847)  (1  drachm  glycerole  to  the  fluidounce)  is  more  con- 
venient. 

Dose. — 4  Cc.  (1  fluidrachm). 

SYRUPUS  PRUWI    VIRGINIANiE.     Syrup  of  Wild  Cherry. 

Recipe. — ^Wild  Cherry,  in  No.  20  powder,  one  hundred  and 

fifty  grammes 150  Gm. 

Sugar,  seven  hundred  grammes 700  Gm. 

Glycerin,  one  hundred  and  fifty  cubic  centimeters 150  Cc. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Co. 
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Moisten  the  Wild  Cherry  with  a  sufficient  quantity  of  Water,  and  macerate  for 
twenty-four  hours  in  a  covered  vessel;  introduce  the  Glycerin  into  a  graduated 
receiving  bottle;  pack  the  Wild  Cherry  firmly  in  a  cylindrical  percolator,  and  grad- 
ually pour  Water  upon  it;  continue  the  percolation  (shaking  the  percolate  occasion- 
ally with  the  Glycerin),  until  the  liquid  measures  four  hundred  and  fifty  cubic  centi- 
meters. Dissolve  the  Sugar  in  the  liquid  by  agitation,  without  heat,  strain,  and  pass 
enough  Water  through  the  strainer  to  make  the  product  measure  one  thousand  cubic 
centimeters.     Mix  thoroughly. 

Syrup  of  Wild  Cherry  may  also  be  prepared  in  the  following  manner: 
Prepare  a  percolator  or  funnel  in  the  manner  described  under  Syrupus.  Pour 
the  percolate  obtained  as  directed  in  the  preceding  formula  upon  the  Sugar,  return 
the  first  portions  of  the  percolate,  until  it  runs  through  clear,  and,  when  all  the 
liquid  has  passed,  follow  it  with  Water,  until  the  product  measures  one  thousand 
cubic  centimeters.     Mix  thoroughly. 

RemarJcs. — This  syrup,  which  enjoys  just  popularity,  is  made  by 
dissolving  sugar  in  a  cold  percolated  infusion  of  the  bark  previously 
mixed  with  glycerin.  Not  the  official  infusion,  however,  but  a  much 
stronger  product. 

In  the  former  pharmacopoeia  the  glycerin  was  mixed  with  the 
water  before  percolating  the  bark — that  is,  it  was  a  part  of  the  men- 
struum. This  plan  was  dropped  in  the  last  revision,  since  it  is  claimed 
that  the  glycerin  dissolves  the  tannin  of  the  bark,  giving  a  bitter 
syrup.  Whether  this  change  is  an  improvement  is  still  a  matter  of 
controversy. 

It  is  imperative  that  heat  be  avoided  in  making  this  syrup,  since 
heat  prevents  the  formation  or  causes  the  volatilization  of  the  active 
principle,  hydrocyanic  acid.     (See  p.  778.) 

Dose. — 4  Cc.  (1  fluidrachm). 

SYRUPUS   RHEI.     Syrup  of  Rhubarb. 
Recipe. — Fluidextract  of  Rhubarb,  one  hundred  cubic  centi- 
meters       100  Cc. 

Spirit  of  Cinnamon,  four  cubic  centimeters 4  Cc. 

Potassium  Carbonate,  ten  grammes 10  Gm. 

Water,  fifty  cubic  centimeters 50  Cc. 

Syrup,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .   1000  Cc. 
Mix  the  Spirit  of  Cinnamon  with  the  Fluidextract  of  Rhubarb,  and  add  to  it  the 
Potassium  Carbonate  previously  dissolved  in  the  Water,  and  lastly  enough  Syrup 
to  make  the  product  measure  one  thousand  cubic  centimeters.     Mix  thoroughly. 

Remarks. — Syrup^  of  rhubarb  is  prepared  from  the  fluidextract 
of  rhubarb  and  spirit  of  cinnamon,  potassium  carbonate  being 
employed  to  aid  in  dissolving  the  difficultly  soluble  resins  found  in 
the  rhubarb.  An  aqueous  solution  is  thus  obtained,  in  which  the 
requisite  amount  of  sugar  is  dissolved.  This  syrup  is  a  laxative, 
while  aromatic  syrup  of  rhubarb  is  chiefly  astringent,  the  aromatic  it 
contains  bringing  about  this  different  action.  More  concerning  this 
therapeutic  difference  will  be  said  when  the  drug,  rhubarb,  is  discussed. 

Dose. — 8  Cc.  (2  fluidrachms). 

SYRUPUS  RHEI  AROMATICUS.     Aromatic  Syrup  of  Rhubarb. 

Recipe. — Aromatic  Tincture  of  Rhubarb,  one  hundred  and 

fifty  cubic  centimeters 150  Cc. 

Potassium  Carbonate,  one  gramme 1  Gm. 

Syrup,  eight  hundred  and  fifty  cubic  centimeters 850  Cc. 

To  make  one  thousand  cubic  centimeters . .   1000  Cc. 
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Dissolve  the  Potassium  Carbonate  in  the  Aromatic  Tincture  of  Rhubarb. 
Filter,  if  necessary,  and  add  sufficient  Syrup  to  make  the  product  measure  one 
thousand  cubic  centimeters.     Mix  thoroughly. 

Remarks. — This  syrup  is  made  by  mixing  syrup  with  aromatic 
tincture  of  rhubarb,  previously  rendered  alkaline  with  potassium 
carbonate.  The  alkali  is  employed  for  the  same  reason  as  in  making 
syrup  of  rhubarb.  Turn  into  aromatic  tincture  of  rhubarb  (p.  235), 
and  note  what  aromatics  it  contains. 

Dose. — 8  Cc.  (2  fluidrachms). 


SYRUPUS   ROS^.     Syrup  of  Rose. 

Recipe. — Fluidextract  of  Rose,  one  hundred  and  twenty-five 

cvMc  centimeters 125  Cc. 

Diluted  Sulphuric  Acid,  ten  cubic  centimeters 10  Cc. 

Sugar,  seven  hundred  arid  fifty  grammes 750  Gm. 

Water,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters .  .  1000  Cc. 

Mix  the  Fluidextract  of  Rose  and  Diluted  Sulphuric  Acid  with  three  hundred 
cubic  centimeters  of  Water;  after  allowing  the  mixture  to  stand  two  hours,  filter,  and 
dissolve  the  Sugar  in  the  clear  filtrate,  by  agitation.  Finally,  add  a  sufficient 
quantity  of  Water  to  make  the  product  measure  one  thousand  cubic  centimeters. 
Strain,  if  necessary. 

Remarks. — In  making  this  syrup  the  fluidextract  is  diluted  with 
water,  diluted  sulphuric  acid  being  added  to  facilitate  solution,  and 
sugar  dissolved  in  the  clear  filtrate.  The  result  is  a  product  much 
more  handsome  than  that  made  by  the  process  of  1890,  when  the 
fluidextract  was  merely  mixed  with  syrup,  producing  a  turbid  liquid. 
The  syrup  is  used  entirely  as  a  flavor,  hence  no  dose  is  given  by  the 
pharmacopoeia. 

SYRUPUS   RUBI.     Syrup  of  Rubus. 

Recipe. — Fluidextract  of  Rubus,  two  hundred  and  fifty  cubic 

centimeters 250  Cc. 

Syrup,  seven  hundred  and  fifty  cubic  centimeters ....     750  Cc. 
To  make  one  thousand  cubic  centimeters. .   1000  Cc. 

Mix  them. 

Remarks. — An  unsightly  liquid,  made  by  mixing  the  fluidextract 
with  syrup. 

Dose.— 4  Cc.  (1  fluidrachm). 

SYRUPUS  RUBI   IDiEI  (U.  S.  P.  1890).     Syrup  of  Raspberry. 

Syrup  of  raspberry  is  of  greater  interest  at  the  soda  fountain  than 
behind  the  prescription  counter.  The  pharmacopoeia  of  1890  directed 
that  this  syrup  be  made  from  the  fresh  fruit,  not  from  commercial 
fruit- juices. 
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SYRUPUS  SARSAPARILL^   COMPOSITUS.     Compound  Syrup  of 

Sarsaparilla. 

Recipe. — Fluidextract  of  Sarsaparilla,  two  hundred  cubic 

centimeters 200.0  Cc. 

Fluidextract  of  Glycyrrhiza,  fifteen  cubic  centi- 
meters   15.0  Cc. 

Fluidextract  of  Senna,  fifteen  cubic  centimeters ....  15,0  Cc. 

Sugar,  six  hundred  and  fifty  grammes 650.0  Gm. 

Oil  of  Sassafras,  two-tenths  of  a  cubic  centimeter ....  0.2  Cc. 

Oil  of  Anise,  two-tenths  of  a  cubic  centimeter 0.2  Cc. 

Oil  of  Gaultheria,  two-tenths  of  a  cubic  centimeter. . .  0.2  Cc. 
Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .  1000.0  Cc. 

Add  the  Oils  (equivalent  to  about  four  drops  each)  to  the  mixed  Fluidextracts 
and  shake  the  liquid  thoroughly.  Then  add  enough  Water  to  make  up  the  volume 
to  six  hundred  cubic  centimeters,  and  mix  well.  Set  the  mixture  aside  for  one  hour, 
and  then  filter  it.  Dissolve  the  Sugar  in  the  filtrate  with  the  aid  of  a  gentle  heat, 
allow  the  liquid  to  cool,  strain,  and  add  enough  Water,  through  the  strainer,  to  make 
the  product  measure  one  thousand  cubic  centimeters.     Mix  thoroughly. 

Remarks. — Compound  syrup  of  sarsaparilla  affords  a  good  test  of 
memory,  and  its  constituents  form  a  question  of  which  examining 
boards  are  quite  fond.  Note  the  three  fluidextracts  and  the  three 
oils  used  in  its  manufacture.  The  uses  of  the  syrup  as  an  adjuvant, 
especially  for  quinine,  are  well  known. 

Dose. — 16  Cc.  (4  fluidrachms). 

SYRUPUS   SCILLJE.     Syrup  of  SquiU. 

Recipe. — Vinegar  of  Squill,  four  hundred  and  fifty  cubic  centi- 
meters      450  Cc. 

Sugar,  eight  hundred  grammes 800  Gm. 

Water,  a  sufficient  quantity. 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

Dissolve  the  Sugar  in  the  Vinegar  of  Squill  with  the  aid  of  a  gentle  heat,  then 
strain,  and,  when  the  strained  liquid  is  cold,  add  enough  Water,  through  the  strainer, 
to  make  the  product  measure  one  thousand  cubic  centimeters.     Mix  thoroughly. 

Remarks. — Syrup  of  squill  is  now  made  by  dissolving  sugar  in 
vinegar  of  squill  at  gentle  heat.  In  the  pharmacopoeia  of  1890  the 
vinegar  of  squill  was  first  boiled  and  filtered;  this  is  not  now  necessary, 
since  the  boiling  is  performed  in  the  manufacture  of  the  official  vinegar. 
(See  p.  263.) 

Dose. — 2  Cc.  (30  minims). 

SYRUPUS  SCILL^   COMPOSITUS.     Compound  Syrup  of  SquiU. 

Recipe. — Fluidextract  of  Squill,  eighty  cubic  centimeters 80  Cc. 

Fluidextract  of  Senega,  eighty  cubic  centimeters. ...  80  Cc. 

Antimony  and  Potassiiun  Tartrate,  two  grammes.  .  2  Gm. 

Purified  Talc,  twenty  grammes. 20  Gm. 

Sugar,  seven  hundred  aiid  fifty  grammes 750  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

Mix  the  Fluidextracts,  evaporate  them,  in  a  tared  dish,  on  a  water-bath,  to  one 
hundred  grammes,  and  mix  the  residue  with  three  hundred  and  fifty  cubic  centimeters 
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of  Water.  When  the  mixture  is  cold,  incorporate  with  it,  intimately,  the  Purified 
Talc,  filter,  pass  enough  Water  through  the  filter  to  obtain  four  hundred  cubic  centi- 
meters of  clear  filtrate,  and  add  to  this  the  Antimony  and  Potassium  Tartrate  pre- 
viously dissolved  in  twenty-five  cubic  centimeters  of  hot  Water.  Dissolve  the  Sugar 
in  this  liquid  by  agitation,  without  heat,  strain,  and  add  enough  Water,  through  the 
strainer,  to  make  the  product  measure  one  thousand  cubic  centimeters.  Mix  thor- 
oughly. 

Compound  Syrup  of  Squill  may  also  be  prepared  in  the  following  manner: 
Prepare  a  percolator  or  funnel  in  the  manner  described  under  Syrupus.  Pour 
the  filtrate  obtained  as  directed  in  the  preceding  formula,  and  mixed  with  the 
solution  of  Antimony  and  Potassium  Tartrate,  upon  the  Sugar,  return  the  first 
portions  of  the  percolate,  until  it  runs  through  clear,  and,  when  all  the  liquid  has 
passed,  follow  it  with  Water,  imtil  the  product  measures  one  thousand  cubic  centi- 
meters.    Mix  thoroughly. 

Remarks. — Compound  spirit  of  squill  is  made  from  the  evaporated 
fluidextracts  of  squill  and  senega,  the  aqueous  solution  of  the  active 
principles  of  these  drugs  being  filtered  through  purified  talc,  and  to 
the  clear  filtrate  a  solution  of  tartar  emetic  is  added,  and  in  the 
resultant  liquid  sugar  is  dissolved.     It  is  called  Coze's  hive  syrup. 

Dose. — 2  Cc.  (30  minims). 

SYRUPUS  SENEGiE.     Syrup  of  Senega. 

Recipe. — Fluidextract  of  Senega,  two  hundred  cubic  centi- 
meters      200  Cc. 

Syrup,  eight  hundred  cubic  centimeters 800  Cc. 


To  make  one  thousand  cubic  centimeters .  .    1000  Cc. 
Mix  them. 

Remarks. — The  recipe  of  the  present  pharmacopoeia  is  markedly 
different  from  that  of  the  pharmacopoeia  of  1890.  The  syrup  of 
1890  was  made  by  diluting  the  fluidextract  with  water,  to  which  was 
added  ammonia  water,  to  dissolve  the  pectin  found  in  the  senega, 
filtering,  and  dissolving  the  sugar  in  the  filtrate,  while  the  syrup  of 
the  present  pharmacopoeia  is  made  by  mixing  the  fluidextract  with 
syrup.  The  fluidextract  now  oflficial  is,  however,  prepared  with 
alkali  (see  p.  250),  which  holds  the  pectin  in  solution. 

Dose. — 4  Cc.  (1  fluidrachm). 

SYRUPUS  SENNiE.    Syrup  of  Senna. 

Recipe. — Fluidextract  of  Senna,  two  hundred  and  fifty  cubic 

centimeters 250  Cc. 

Oil  of  Coriander,  five  cubic  centimeters 5  Cc. 

Syrup,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters.  .   1000  Cc. 

Mix  the  Oil  of  Coriander  with  the  Fluidextract  of  Senna  and  add  a  sufficient 
quantity  of  Syrup  to  make  the  product  measure  one  thousand  cubic  centimeters. 
Mix  thoroughly. 

Remarks. — The  above  recipe  differs  widely  from  that  of  the 
pharmacopoeia  of  1890,  which  called  for  an  infusion  of  senna  to  which 
was  added  oil  of  coriander  dissolved  in  alcohol,  the  mixture  filtered, 
and  sugar  dissolved  in  the  filtrate. 

Dose^ — 4  Cc.  (1  fluidrachm). 
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SYRUPUS  TOLUTANUS.     Syrup  of  Tolu. 

Recipe. — Tincture  of  Tolu,  fifty  cubic  centimeters 50  Cc. 

Magnesium  Carbonate,  ten  grammes 10  Gm. 

Sugar,  eight  hundred  and  twenty  grammes 820  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .  1000  Cc. 

Rub  the  Tincture  of  Tolu,  in  a  mortar,  with  the  Magnesium  Carbonate  and 
sixty  grammes  of  the  Sugar.  Then  gradually  add  four  hundred  and  fifty  cubic  centi- 
meters of  Water,  with  constant  trituration,  and  filter.  Dissolve  the  remainder  of 
the  Sugar  in  the  clear  filtrate,  with  the  aid  of  a  gentle  heat,  strain  the  Syrup  while 
hot,  and  add  a  sufficient  quantity  of  Water  to  make  the  product  measure  one  thousand 
cubic  centimeters. 

Syrup  of  Tolu  may  also  be  made  in  the  following  manner: 
Prepare  a  percolator  or  funnel  in  the  manner  described  under  Syrupus.  Pour 
the  filtrate  obtained  as  directed  in  the  preceding  formula  upon  the  Sugar,  return 
the  first  portions  of  the  percolate,  until  it  runs  tlu-ough  clear,  and,  when  all  the 
liquid  has  passed,  follow  it  with  Water,  until  the  product  measures  one  thousand 
ciMc  centimeters.     Mix  thoroughly. 

Remarks. — The  official  recipe  just  given  is  practically  a  return  to 
the  process  of  the  pharmacopoeia  of  1870,  and  yields  a  handsome 
aromatic  yellow  syrup.  It  is  an  interesting  example  of  reversion  to 
a  tried  old  recipe  after  two  decades  of  experiment.  The  process  of 
1880 — digesting  a  mixture  of  balsam  of  tolu  and  sugar  with  water — 
was  cumbersome  and  yielded  a  poor  product,  and  the  process  of  1890 — 
dissolving  sugar  in  a  water  of  tolu  made  by  rubbing  an  alcoholic 
solution  of  the  balsam  with  precipitated  calcium  phosphate  and 
water — was  not  much  better. 

Dose. — 16  Cc.  (4  fluidrachms). 

SYRUPUS   ZINGIBERIS.     Syrup  of  Ginger. 

Recipe. — Fluideztract  of  Ginger,  thirty  cubic  centimeters 30  Cc. 

Alcohol,  twenty  cubic  centimeters 20  Cc. 

Magnesium  Carbonate,  ten  grammes 10  Gm. 

Sugar,  eight  hundred  and  twenty  grammes 820  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .   1000  Cc. 

Mix  the  Fluidextract  of  Ginger  and  the  Alcohol,  then  triturate  the  liquid  in  a 
mortar  with  the  Magnesium  Carbonate  and  sixty  grammes  of  the  Sugar.  Then 
gradually  add  four  hundred  and  fifty  cubic  centimeters  of  Water,  with  constant  tritura- 
tion, and  filter.  Dissolve  the  remainder  of  the  Sugar  in  the  clear  filtrate,  with  the 
aid  of  a  gentle  heat,  strain  the  Syrup  while  hot,  and  add  a  sufficient  quantity  of 
Water  to  make  the  product  measure  one  thousand  cubic  centimeters. 
Syrup  of  Ginger  may  also  be  made  in  the  following  manner: 
Prepare  a  percolator  or  funnel  in  the  manner  described  under  Syrupus.  Pour 
the  filtrate  obtained  as  directed  in  the  preceding  formvda  upon  the  Sugar,  return 
the  first  portions  of  the  percolate,  until  it  runs  through  clear,  and,  when  all  the 
liquid  has  passed,  follow  it  with  Water,  until  the  product  measures  one  thousand 
cubic  centimeters.     Mix  thoroughly. 

Remarks. — Syrup  of  ginger  is  prepared  like  syrup  of  tolu,  except 
that  it  is  the  fluidextract  that  is  rubbed  with  magnesium  carbonate 
and  water  and  not  the  tincture. 

Dose. — 16  Cc.  (4  fluidrachms). 
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DOSES  OF  OFFICIAL  SYRUPS 

1  Cc.  (15  minims) Syrups  of  ferrous  iodide  and  of  ipecac  (as  an 

expectorant). 

2  Cc.  (30  minims) Syrups  of  lime,  squill,  and  squill  compound. 

4  Cc.  (1  fluidrachm) Syrups  of  almond,  hydriodic  acid,  krameria, 

phosphates  of  iron,  quinine  and  stiychnine, 
rubus,  senega,  senna,  tar,  and  wild  cherrj'. 

8  Cc.  (2  fluidrachms) Syrups  of  calcium  lactophosphate,  hypophos- 

phites    compound,    lactucarium,    rhubarb, 
and  rhubarb  aromatic. 

16  Cc.  (4  fluidrachms) Syrups  of  ginger,  sarsaparilla  compound,  and 

tolu. 

No  dose  given  the  official  syrups  not  named  above,  as  all  the  rest  are  flavored 
syrups  and  of  no  medicinal  action. 

HONEYS 

Honeys  are  liquids  containing  medicines  blended  with  honey.  In 
ancient  times  the  honeys  represented  the  most  popular  class  of  medic- 
inal preparations,  but  in  our  present  day  of  elixirs  and  of  syrups  the 
honeys  are  falling  into  disuse,  although  one  is  still  recognized  by  the 
pharmacopoeia.  Honey  itself  is  the  natural  product  stored  in  the 
honeycombs  by  the  bees,  as  explained  on  p.  705. 

MEL  DEPURATUM.     Clarified  Honey. 

Recipe. — Honey,  a  convenient  qxuintity. 
Distilled  Water, 
Glycerin,  each,  a  sufficient  quantity. 

Mix  the  Honey  intimately  with  two  per  cent,  of  its  weight  of  paper-pulp,  which 
has  been  previously  reduced  to  shreds,  thoroughly  washed  and  soaked  in  water,  and 
then  strongly  expressed  and  again  shredded.  Then  apply  the  heat  of  a  water-bath, 
and,  as  long  as  any  scum  rises  to  the  surface,  carefully  remove  this.  Finally,  add 
enough  Distilled  Water  to  make  up  the  loss  incurred  by  evaporation,  strain,  and 
mix  the  strained  liquid  with  five  per  cent,  of  its  weight  of  glycerin. 

Clarified  Honey  should  conform  to  the  tests  of  purity  given  under  Mel. 

Remarks. — Clarified  honey — Mel  Despumatum  (U.  S.  P.  1890) — 
is  natural  honey,  clarified  by  mixing  with  shreds  of  wetted  filter-paper 
and  heating  on  a  water-bath,  carefully  removing  the  scum  and  filter- 
paper  as  it  rises  to  the  surface  (p.  136).  When  the  clarification  is 
complete,  the  liquid  is  strained  and  mixed  with  5  per  cent,  of  glycerin 
in  order  to  preserve  it. 

Dose. — 4  Cc.  (1  fluidrachm). 

MEL   ROS^.     Honey  of  Rose. 

Recipe. — Fluideztract  of  Rose,  one  hundred  and  twenty  cubic 

centimeters 120  Cc. 

Clarified  Honey,  a  sufficient  quantity, 


To  make  one  thousand  grammes. .   1000  Gm. 

Into  a  tared  vessel  introduce  the  Fluidextract  of  Rose,  then  add  enough  Clarified 
Honey  to  make  the  contents  weigh  one  thousand  grammes,  and  mix  thoroughly. 

Remarks. — Honey  of  rose  is  prepared  by  blending  12  per  cent,  of 
fluidextract  of  rose  with  clarified  honey.  Honey  of  rose  is  used  in 
preparation  of  mass  of  mercury  (p.  311). 

Dose. — 4  Cc.  (1  fluidrachm). 
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Doses  of  Honeys. — All  three  official  honeys — honey,  clarified 
honey,  and  honey  of  rose — are  directed  by  the  pharmacopoeia  in  doses 
of  4  Cc.  (1  fluidrachm).  That  no  evil  effect  can  result  from  this  dose 
goes  without  saying. 


CHAPTER   XIII 
ELIXIRS,  GLYCERITES,  COLLODIONS,  AND  OLEATES 

ELIXIRS 

Elixirs  are  alcoholic  solutions  of  medicinal  substances  containing 
sugar.  Therefore,  it  can  be  seen  that  there  is  a  slight  analogy  between 
them  and  syrups.  In  the  latter,  however,  there  is  much  more  sugar. 
Considering  the  extensive  use  of  elixirs,  it  may  seem  strange  that  so 
few  have  been  introduced  into  the  pharmacopoeia,  but  three  (adjuvant 
elixir,  aromatic  elixir,  and  elixir  of  iron,  quinine,  and  strychnine 
phosphates)  being  official. 

There  are  two  reasons  for  this.  The  first  is  that  elixirs  are  not 
regarded  as  preparations  whose  popularity  will  stand  the  test  of  time. 
Already  it  is  noticed  that  they  are  not  used  as  much  as  they  were 
five  years  ago;  therefore,  the  pharmacopoeial  committee  thought  it 
unwise  to  introduce  a  long  line  of  preparations  in  1900  only  to  have 
them  dismissed  in  1910.  The  second  reason  is  that  the  comparatively 
large  doses  of  these  pleasant  alcoholic  preparations  cause  fear  that 
they  are  more  to  be  regarded  as  tipples  than  as  true  medicinal  agents. 
Therefore,  the  pharmacopoeial  committee  omitted  the  long  line  of 
these  elegant  pharmaceuticals,  leaving  them  for  incorporation  in  the 
National  Formulary,  and  in  that  valuable  work  a  full  list  of  the  more 
popular  elixirs  will  be  found. 

But  another  word  concerning  elixirs;  do  not  fear  that  they  will 
spoil.  If  properly  made,  they  improve  with  age,  for  time  enables 
the  alcohol  and  aromatics  to  blend,  making  a  smoother,  more  pleasant 
preparation. 

SPECIAL  NOTES  ON  OFFICIAL  ELIXIRS 

ELIXIR   ADJUVANS.     Adjuvant   Elixir. 

Recipe. — Fluidextract    of   Glycyrrhiza,   one   hundred   and 

twenty  cubic  centimeters 120  Cc. 

Aromatic  Elixir,  eight  hundred  and  eighty  cubic 

centimeters 880  Cc. 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 
Mix,  and  filter  if  necessary. 

Remarks. — This  new  official  has  been  taken  from  the  old  National 
Formulary,  and,  as  the  name  indicates,  is  intended  as  a  pleasant 
addition  to  mixtures  of  bitter  drugs,  the  glycyrrhiza  being  an  admir- 
able mask  for  bitter  substances.  No  dose  is  given  by  the  pharmaco- 
poeia. 
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ELIXIR   AROMATICUM.     Aromatic   Elixir. 

Recipe. — Compound  Spirit  of  Orange,  twelve  cubic  centi- 
meters         12  Cc. 

Syrup,    three   hundred   and   seventy-five  cubic  centi- 
meters      375  Cc. 

Purified  Talc,  thirty  grammes 30  Gm. 

Alcohol, 

Distilled  Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

To  the  Compound  Spirit  of  Orange,  add  enough  Alcohol  to  make  two  hundred 
and  fifty  cubic  centimeters.  To  this  solution,  add  the  Syrup  in  several  portions, 
agitating  after  each  addition,  and  afterward  add,  in  the  same  manner,  three  hundred 
and  seventy-five  cubic  centimeters  of  Distilled  Water.  Mix  the  Purified  Talc  intimately 
with  the  liquid,  and  then  filter  through  a  wetted  filter,  returning  the  first  portions 
of  the  filtrate  until  a  transparent  liquid  is  obtained.  Lastly,  wash  the  filter  with 
a  mixture  of  one  volume  of  Alcohol  and  three  volumes  of  Distilled  Water,  until  the 
product  measures  one  thousand  cubic  centimeters. 

Remarks. — This  is  a  pleasant  flavored  preparation,  provided  the 
compound  spirit  of  orange  (p.  178)  is  made  from  fine  oils.  It  is  the 
basis  of  most  elixirs,  among  them  the  official  adjuvant  elixir  and  elixir 
of  iron,  quinine,  and  strychnine  phosphates. 

ELIXIR    FERRI,    QUININiE    ET    STRYCHNINE    PHOSPHATUM. 
Elixir  of  Iron,  Quinine,  and  Strychnine  Phosphates. 

Recipe. — Soluble  Ferric  Phosphate,  seventeen  and  one- 
half  grammes 17.500  Gm. 

Quinine,  eight  and  seventy-five  hundredths  grammes         8.750  Gm. 

Strychnine,  two  hundred  and  seventy-five  milli- 
grammes          0.275  Gm. 

Phosphoric  Acid,  two  cubic  centimeters 2.000  Cc. 

Ammonium   Carbonate,   in  translucent  pieces, 
nine  grammes 9.000  Gm. 

Alcohol,  sixty  cubic  centimeters 60.000  Cc. 

Acetic  Acid,  twenty-eight  and  sixty-five  hundredth 
grammes 28.650  Gm. 

Ammonia  Water, 

Distilled  Water, 

Aromatic  Elixir,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .    1000.000  Cc. 

Dissolve  the  Quinine  and  Strychnine  in  the  Alcohol,  then  add  the  Phosphoric 
Acid  and  three  hundred  and  fifty  cubic  centimeters  of  Aromatic  Elixir.  Add  the 
Acetic  Acid  to  the  Ammonium  Carbonate,  contained  in  a  suitable  vessel,  and  when 
solution  is  complete,  neutralize  with  Ammonia  Water  and  add  enough  Distilled  Water 
to  make  the  product  measure  fifty  cubic  centimeters.  Mix  the  solution  of  Ammonium 
Acetate  with  the  solution  of  the  alkaloids,  and  add  enough  Aromatic  Elixir  to  make 
the  liquid  measure  eight  hundred  and  eighty  cubic  centimeters.  Dissolve  the  Ferric 
Phosphate  in  thirty  cubic  centimeters  of  Distilled  Water,  by  the  aid  of  a  gentle  heat, 
and  if  the  solution  be  acid  to  litmus-paper,  neutralize  exactly  with  Ammonia  Water, 
and  add  enough  Aromatic  Elixir  to  make  the  product  measure  one  hundred  and 
twenty  cubic  centimeters.     Finally,  mix  the  two  solutions  and  filter  if  necessary. 

Remarks. — The  manufacture  of  this  preparation  requires  con- 
siderable care  in  order  to  secure  a  handsome  amber  liquid.  It  is 
similar  to  the  syrup  of  the  phosphates  of  iron,  quinine,  and  strychnine, 
but  contains  a  trifle  more  strychnine. 

Dose. — 4  Cc.  (1  fluidrachm),  containing  about  ^  grain  strychnine. 
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ELIXIR  PHOSPHORI     (U.  S.  P.  1890).     Elixir  of  Phosphorus. 

Elixir  of  phosphorus  of  the  former  pharmacopoeia  was  made  by 
mixing  210  Cc.  spirit  of  phosphorus  (U.  S.  P.  1890),  2  Cc.  oil  of  anise, 
550  Cc.  glycerin,  and  aromatic  elixir  to  make  1000  Cc.  Each  cubic 
centimeter  contained  about  i  milligramme  of  phosphorus,  making 
the  average  dose  (4  Cc.)  contain  1  milligramme  (^  grain)  of  phos- 
phorus. 

GLYCERITES 

Glycerites  (or  glycerols)  are  mixtures  or  solutions  of  medicinal  sub- 
stances with  glycerin.  Most  of  them  are  solutions,  but  one  of  those 
official  (glycerite  of  starch)  is  a  semisolid  mass.  The  glycerites  are 
excellent  preparations,  being  both  permanent  and  emollient. 

TABLE   OF  OFFICIAL  GLYCERITES 
Process.  Galenic  Preparations.  Chemical  Preparation. 

Cold  solution.  Glycerite     of    the    phos- 

phates of  iron,  quinine, 
and  strychnine. 
Glycerite  of  phenol. 
Warm  solution,  Glycerite  of  tannic  acid.         Glycerite  of  boroglycerin. 

Glycerite  of  starch. 
Percolation  and  solution.         Glycerite  of  hydrastis. 

SPECIAL  NOTES  ON  OFFICIAL  GLYCERITES 

GLYCERITUM   ACIDI   TANNICI.     Glycerite  of  Tannic  Acid. 

Recipe. — Tannic  Acid,  twenty  grammes 20  Gm. 

Glycerin,  eighty  grammes 80  Gm. 

To  make  one  hundred  grammes     100  Gm. 

Triturate  the  Tannic  Acid  with  the  Glycerin  to  a  smooth  paste,  transfer  this  to 
a  porcelain  dish,  avoiding  contact  with  metallic  utensils,  and  apply  the  heat  of  a 
water-bath,  until  the  Tannic  Acid  is  completely  dissolved.  Then  transfer  the  solution 
to  a  bottle. 

Remarks. — Glycerite  of  tannic  acid  contains  20  per  cent,  of  tannic 
acid,  and  is  made  by  warming  the  mixture  of  tannic  acid  on  a  water- 
bath  until  the  acid  is  completely  dissolved.  It  is  hardly  necessary 
to  say  that  the  use  of  metallic  utensils  should  be  rigidly  avoided, 
as  tannin  combines  with  metals,  particularly  with  iron,  forming  with 
that  metal  an  inky  black  compound. 

The  glycerite  when  first  prepared  is  of  a  brownish  color,  but  on 
standing  it  assumes  a  deep  green  tint. 

It  is  a  convenient  form  for  dispensing  solutions  of  tannic  acid, 
it  being  readily  diluted  by  the  addition  of  as  much  water  as  necessary. 

Dose. — 2  Cc.  (30  minims). 

GLYCERITUM  AMYLI.     Glycerite  of  Starch. 

Recipe. — Starch,  ten  grammes 10  6m. 

Water,  ten  cubic  centimeters 10  Cc. 

Glycerin,  eighty  grammes 80  Gm. 

Triturate  the  Starch  with  the  Water,  until  a  homogeneous  mixture  is  produced. 
Then  gradually  add  this  to  the  Glycerin,  contained  in  a  porcelain  dish,  and  heated 
to  about  140°  C,  (284°  F.).  Continue  the  heat,  with  constant  stirring,  keeping  it 
below  144°  C.  (291.2°  F.),  until  a  translucent  jelly  is  formed.  Transfer  the  product 
to  suitable  vessels,  provided  with  well-fitting  covers. 
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Glycerite  of  starch  is  a  jelly  containing  10  per  cent,  of  starch, 
made  by  blending  starch,  water,  and  glycerin,  and  gently  warming, 
with  constant  stirring,  on  a  Bunsen  burner.  The  stirring  is  necessary 
to  avoid  scorching. 

Glycerite  of  starch  is  used  as  a  basis  of  enemas  and  also  as  a  pill 
excipient.  Not  being  used  internally,  no  dose  is  given  by  the  phar- 
macopoeia. 

GLYCERITUM   BOROGLYCERINI.     Glycerite  of  Boroglycerin. 

Recipe. — Boric  Acid,  in  fine  powder,  three  hundred  and  ten 

grammes 310  Gm. 

Glycerin,  a  sufficient  quantity, 

To  make  one  thousand  grammes. .   1000  Gm. 

Heat  four  hundred  and  sixty  grammes  of  Glycerin,  in  a  tared  porcelain  dish,  to 
a  temperature  not  exceeding  150°  C.  (302°  F.),  and  add  the  Boric  Acid  in  portions, 
constantly  stirring.  When  all  is  added  and  dissolved,  continue  the  heat  at  the  same 
temperature,  frequently  stirring,  and  breaking  up  the  film  which  forms  on  the 
surface.  When  the  mixture  has  been  reduced  to  the  weight  of  five  hundred  grammes, 
add  to  it  five  hundred  grammes  of  Glycerin,  mix  thoroughly,  and  transfer  it  to  suit- 
able vessels. 

Remarks. — Glycerite  of  boroglycerin  contains  50  per  cent,  of  boro- 
glycerin (for  calculations,  see  p.  682),  and  is  a  thick,  viscid  liquid, 
which  is  used  externally  as  an  antiseptic  and  emollient  dressing. 

GLYCERITUM  FERRI,  QUININiE,  ET  STRYCHNINE  PHOS- 
PHATUM.  Glycerite  of  the  Phosphates  of  Iron,  Quinine,  and 
Strychnine. 

Recipe. — Soluble  Ferric  Phosphate,  eighty  grammes 80.0  Gm. 

Quinine,  one  hundred  and  four  grammes 104.0  Gm. 

Strychnine,  eight-tenths  of  a  gramme 0.8  Gm. 

Phosphoric  Acid,  two  hundred  cubic  centimeters 200.0  Cc. 

Glycerin,  five  hundred  cubic  centimeters SOO.O  Cc. 

Water,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters .  .    1000.0  Cc. 

Heat  the  Soluble  Ferric  Phosphate  with  two  hundred  cubic  centimeters  of  WatCT, 
in  a  porcelain  dish,  at  a  temperature  not  exceeding  70°  C.  (158°  F.),  until  it  is 
dissolved.  Then  add  the  Phosphoric  Acid  with  the  Strychnine  and  Quinine,  and 
sufficient  Water  to  make  the  product  measure  five  hundred  cubic  centimeters,  and 
stir  until  solution  is  effected.  Mix  the  solution  with  the  Glycerin,  and  filter  if 
necessary. 

Remarks. — This  new  official  is  used  almost  exclusively  for  the 
manufacture  of  Easton's  syrup  (p.  682). 
Dose. — 1  Cc.  (15  minims). 

GLYCERITUM   HYDRASTIS.     Glycerite  of  Hydrastis. 

Recipe. — Hydrastis,  in  No.  60  powder,  one  thousand  grammes.  1000  Gm. 

Glycerin,  five  hundred  cubic  centimeters 500  Cc. 

Alcohol, 

Water,  each,  a  sufficient  quantity,  ^ 

To  make  one  thousand  cubic  centimeters. .   1000  Cc. 

Moisten  the  Hydrastis  with  three  hundred  and  fifty  cubic  centimeters  of  Alcohol,  and 
pack  it  firmly  in  a  cylindrical  percolator;  then  add  enough  Alcohol  to  saturate  the 
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powder  and  leave  a  stratum  above  it.  When  the  liquid  begins  to  drop  from  the  per- 
colator, close  the  lower  orifice,  and  having  closely  covered  the  percolator,  macerate  for 
forty-eight  hours.  Then  allow  the  percolation  to  proceed  slowly,  gradually  adding 
Alcohol,  until  the  Hydrastis  is  practically  exhausted.  Remove  nearly  all  of  the 
Alcohol  by  distillation  or  evaporation,  pour  the  thick  concentrated  liquid  into  five 
hundred  cubic  centimeters  of  ice-cold  Water,  and  set  it  aside,  in  a  cold  place,  for 
twenty-four  hours.  Then  filter,  pass  enough  cold  Water  through  the  filter  to  make 
the  filtrate  measure  five  hundred  cubic  centimeters,  add  the  Glycerin,  and  mix  thor- 
oughly. 

Average  Dose. — 2  Cc.  (30  minims). 

Remarks. — Glycerite  of  hydrastis  is  practically  a  glycerinic  fluid- 
extract  of  that  important  drug.  It  is  prepared  by  percolating  the 
drug  with  alcohol,  evaporating  off  the  alcohol,  and  blending  the 
filtered  residue  with  glycerin.  It  represents  a  form  of  "fluid  hydras- 
tis" so  largely  used  as  an  ingredient  of  gonorrheal  injections. 

Dose. — 2  Cc.  (30  minims). 

GLYCERITUM   PHENOLIS.     Glycerite  of  Phenol. 

Recipe. — Liquefied  Phenol,  twenty  cubic  centimeters 20  Cc. 

Glycerin,  eighty  aihic  centimeters 80  Cc. 


To  make  one  hundred  cubic  centimeters .  .     100  Cc. 
Add  the  Liquefied  Phenol  to  the  Glycerin,  and  stir  until  thoroughly  mixed. 

Remarks. — Glycerite  of  carbolic  acid,  as  this  preparation  was 
called  by  the  pharmacopoeia  of  1890,  and  as  it  is  commonly  called, 
contains  20  per  cent,  of  liquefied  phenol,  and  is  an  admirable  anti- 
septic; for  this  purpose,  however,  it  is  a  trifle  too  powerful,  and  more 
advantageous  is  the  so-called  carbolated  glycerin,  containing  one 
fluidrachm  of  carbolic  acid  to  the  fluidounce  of  the  finished  product. 

Dose. — 0.3  Cc.  (5  minims). 

GLYCERITUM   VITELLI  (U.  S.  P.  1890).     Glycerite  of  Yolk  of  Egg. 

Glycerite  of  yolk  of  eggs  of  the  former  pharmacopoeia  or  glyconin 
was  made  by  rubbing  up  45  Gm.  of  yolk  of  egg  with  55  Gm.  of  glycerin. 
A  thick  yellow  mixture  results,  which  affords  one  of  the  most  striking 
illustrations  of  the  antiseptic  action  of  glycerin.  The  writer  has 
in  his  possession  a  sample  glycerite  of  the  yolk  of  egg  prepared  five 
years  ago,  and  which  is  as  sweet  as  when  first  made. 

DOSES  OF'  GLYCERITES 

0.3  Cc.  (5  minims) Glycerite  of  phenol. 

1  Cc.  (15  minims) Glycerite  of  phosphate  of  iron,  quinine,   and 

strychnine. 

2  Cc.  (30  minims) Glycerite  of  hydrastis  and  of  tannic  acid. 

No  dose  given  of  glycerite  of  boroglycerin  nor  of  glycerite  of  starch. 

COLLODIONS 

These  are  preparations  used  externally,  having  as  their  base  collodion, 
which  liquid  is  a  solution  of  pyroxylin  (gun-cotton)  in  alcohol  and  ether 
(p.  702). 

The  solvent  readily  evaporates,  leaving  a  film  of  gun-cotton, 
which  is  an  excellent  protective. 
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TABLE  OF  OFFICIAL  COLLODIONS 

(All  Galenic) 

i  Collodion. 
Flexible  collodion. 
Styptic  collodion. 
Made   by   percolation   and  so/wfton.  .Cantharidal  collodion. 

SPECIAL  NOTES  ON  OFFICIAL  COLLODIONS 

COLLODIUM.     Collodion. 

Recipe. — Pyroxylin,  forty  grammes ,       40  Gm. 

Ether,  seven  hundred  and  fifty  cubic  centimeters 750  Cc. 

Alcohol,  two  hundred  and  fifty  cubic  centimeters.  .  .  .     250  Cc. 
To  make  about  one  thousand  cubic  centimeters .  .    1000  Cc. 

To  the  Pyroxylin,  contained  in  a  suitable  bottle,  add  the  Ether,  and  allow  it  to 
stand  for  fifteen  minutes  ;  then  add  the  Alcohol,  and  shake  the  bottle  until  the 
Pyroxylin  is  dissolved.  Cork  the  bottle  well,  and  set  it  aside  until  the  liquid  has 
become  clear.  Finally,  decant  the  clear  portion  from  any  sediment  which  may 
have  deposited,  and  transfer  it  to  bottles,  which  should  be  well  corked  and  sealed. 

Keep  the  Collodion  in  a  cool  place,  remote  from  lights  or  fire. 

Remarks. — This  ethereal  solution  of  gun-cotton  will  be  discussed 
later  (p.  702). 

COLLODIUM   CANTHARIDATUM.     Cantharidal  Collodion. 

Recipe. — Cantharides,  in  No.  60  powder,  sixty  grammes. ...  60  Gm. 

Flexible  Collodion,  eighty-five  grammes 85  Gm. 

Chloroform,  a  sufficient  quantity, 

To  make  one  hundred  gramm£s . .  100  Gm. 

Pack  the  Cantharides  firmly  in  a  cylindrical  percolator  and  gradually  pour 
Chloroform  upon  it  until  the  powder  is  exhausted.  Recover  the  Chloroform  by 
distillation  from  a  water-bath  and  evaporate  the  residue  in  a  tared  evaporating  dish 
on  a  water-bath,  until  it  weighs  fifteen  grammes.  Dissolve  this  in  the  Flexible  Collo- 
dion, and  set  it  aside  in  a  securely  corked  bottle,  and  in  a  cool  place,  to  become  clear 
by  settling.  Finally,  pour  off  the  clear  portion  from  any  sediment  which  may  haA  e 
deposited,  and  transfer  it  to  bottles,  which  should  be  well  corked  and  sealed. 

Keep  the  Cantharidal  Collodion  in  a  cool  place,  remote  from  lights  or  fire. 

Remarks. — Cantharidal  collodion  is  prepared  by  percolating 
cantharides  with  chloroform,  distilling  the  chloroform  from  the  per- 
colate, and  dissolving  the  remaining  extracts  in  flexible  collodion. 
It  is  sometimes  called  blistering  colloid,  suggesting  its  medical  use. 

COLLODIUM   FLEXILE.     Flexible  Collodion. 

Recipe. — Collodion,  nine  hundred  and  twenty  grammes 920  Gm. 

Canada  Turpentine,  fifty  grammes 50  Gm. 

Castor  Oil,  thirty  grammes 30  Gm. 

To  make  one  thousand  gram,mes .  .   1000  Gm. 

Weigh  the  ingredients,  successively,  into  a  tared  bottle,  and  mix  them  thor- 
oughly. 

Keep  the  product  in  cork-stopp)ered  bottles,  in  a  cool  place,  remote  from  lights 
or  fire. 

Remarks. — The  pure  pyroxylin  layer  left  on  evaporation  of 
ordinary  collodion  is  brittle  and  apt  to  crack  when  placed  on  the 
fingers  and  other  joints.  Flexible  collodion,  on  the  other  hand,  is 
made  pliable  by  the  addition  of  Canada  turpentine  and  castor  oil. 

14 
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COLLODIUM  STYPTICUM.     Styptic   CoUodion. 

Recipe. — Tannic  Acid,  twenty  grammes 20  Gm. 

Alcohol,  iive  cubic  centimeters 5  Cc. 

Ether,  twenty-five  cubic  centimeters 25  Cc. 

Collodion,  a  sufficient  quantity,  

To  make  one  hundred  cubic  centimeters .  .  100  Cc. 

Introduce  the  Tannic  Acid,  Alcohol,  and  Ether  into  a  graduated  bottle,  agitate 
the  mixture  until  the  Tannic  Acid  is  thoroughly  incorporated  and  partially  dis- 
solved, then  add  enough  Collodion  to  make  up  the  volume  to  one  hundred  cubic  centi- 
meters, and  shake  occasionally,  until  the  Tannic  Acid  is  completely  dissolved. 

Keep  the  product  in  cork-stoppered  bottles,  in  a  cool  place,  remote  from  lights 
or  fire. 

Remarks. — This  represents  ordinary  collodion  made  styptic  by 
the  addition  of  20  per  cent,  tannic  acid.  It  is  useful  in  stanching 
the  flow  of  blood  from  minor  wounds. 

Note  that  as  collodion  is  a  solution  of  gun-cotton  in  a  mixture 
of  alcohol  and  ether,  it  will  be  precipitated  by  the  addition  of  water. 
Therefore,  a  prescription  containing  collodion,  tincture  of  iodine,  and 
water  of  ammonia  cannot  be  compounded,  for  as  soon  as  the  water 
of  ammonia  is  added  to  the  collodion,  the  pyroxylin  separates  in  a  wad. 
This  can  be  remedied  by  substitution  of  the  spirit  of  ammonia  for 
water  of  ammonia. 

All  the  collodions,  since  they  contain  ether,  must  be  handled  care- 
fully and  kept  away  from  the  flame. 

OLEATES 

These  are  solutions  of  metallic  oxides  or  alkaloids  in  oleic  acid,  and, 
like  ointments,  produce  the  physiologic  effect  of  the  active  ingredient 
through  absorption  of  the  latter  on  application  to  the  skin  by  inunction. 

They  are  prepared  by  dissolving  an  oxide  or  an  alkaloid  in  oleic 
acid,  and  in  making  metallic  oleates  an  excess  of  heat  should  be 
avoided,  as  oleic  acid  easily  reduces  the  metallic  oxides  to  the  metals, 
particularly  when  the  mixture  is  heated.  The  dissolving  of  the 
oxides  in  oleic  acid  is  sometimes  a  rather  difficult  matter,  and  in  order 
to  obtain  good  results  the  oxide  should  be  freshly  precipitated.  In 
making  an  oleate  of  an  alkaloid,  the  free  alkaloid  and  not  the  salts 
thereof  should  be  used. 

All  the  oleates  are,^  strictly  speaking,  chemical  preparations, 
since  the  solvent  (oleic  acid)  forms  a  salt  (oleate)  with  either  a  metallic 
oxide  or  an  alkaloid.  Bear  in  mind,  however,  that  the  official  oleates, 
now  considered,  are  not  definite  chemicals,  like  sodium  oleate  (soap), 
lead  oleate  (lead  plaster),  or  the  other  oleates  discussed  in  Chapter 
XLI.  The  class  we  are  now  considering  contain  a  large  amount  of 
oleic  acid  and,  therefore,  represent  the  definite  chemical  (the  true 
oleate)  dissolved  in  an  excess  of  oleic  acid. 

SPECIAL  NOTES  ON  OFFICIAL  OLEATES 

OLEATUM   ATROPINE.     Oleate  of  Atropine. 

Recipe. — Atropine,  two  grammes 2  Gm. 

Alcohol,  two  cubic  centimeters 2  Cc. 

Oleic  Acid,  fifty  grammes 50  Gm. 

Olive  Oil,  a  sufficient  quantity, 

To  make  one  hundred  grammes .  .     100  Gm. 
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Triturate  the  Atropine  in  a  tared  mortar  with  the  Alcohol,  then  add  about  an 
equal  volume  of  the  Oleic  Acid,  and,  after  warming  the  mortar,  stir  until  the  Alcohol 
lias  evaporated,  add  the  remainder  of  the  Oleic  Acid,  and  continue  stirring  until 
the  Atropine  is  dissolved;  then  add  sufficient  Olive  Oil  to  make  the  product  weigh 
one  hundred  grammes. 

Remarks. — This  new  official  is  a  2  per  cent,  solution  of  atropine. 

OLEATUM  COCAINE.     Oleate  of  Cocaine. 

Recipe. — Identical  with  that  for  oleate  of  atropine,  except  that  it 
contains  5  per  cent,  of  cocaine,  and  is  made  with  5  Cc.  alcohol  to 
100  Gm.  finished  product. 

OLEATUM  HYDRARGYRI.     Oleate  of  Mercury. 

Recipe. — Yellow    Mercuric   Oxide,   in   very  fine    powder, 

twenty-five  grammes 25  Gtn. 

Distilled  Water,  twenty-five  cubic  centimeters 25  Cc. 

Oleic  Acid,  a  sufficient  quantity, 

To  make  one  hundred  grammes .  .      100  Gm. 

Triturate  the  Yellow  Mercuric  Oxide  with  the  Distilled  Water  in  a  tared  mortar; 
add  seventy  grammes  of  Oleic  Acid,  and  mix  thoroughly;  warm  the  mortar  to  a 
temperature  not  exceeding  50°  C.  (122°  F.),  stir  occasionally  until  the  water  has 
evaporated,  then  add,  if  necessary.  Oleic  Acid  to  make  one  hundred  grammes,  and 
mix  thoroughly.  Avoid  contact  with  metallic  utensils;  preserve  the  Oleate  in  tightly 
stoppered  bottles. 

Remarks. — This  is  now  the  only  official  oleate  made  from  a  metallic 
oxide,  oleate  of  zinc,  U.  S.  P.  1890,  having  been  dropped  in  the  last 
revision. 

OLEATUM    QUININE.     Oleate  of  Quinine. 

Recipe. — Quinine,  twenty-five  grammes 25  Gm. 

Oleic  Acid,  seventy-five  grammes 75  Gm. 

To  make  one  hundred  grammes . .     100  Gm. 

Triturate  the  Quinine  in  a  warm  mortar  with  a  small  quantity  of  the  Oleic  Acid 
to  a  smooth  paste.  Then  add  the  remainder  of  the  Oleic  Acid,  previously  warmed, 
and  stir  frequently,  until  the  Quinine  is  dissolved. 

Remarks. — This  25  per  cent,  solution  of  quinine  affords  an  excellent 
means  of  administering  that  important  alkaloid  to  children.  Rubbed 
in  at  the  armpits,  it  soon  gives  the  physiologic  effect  of  quinine. 

OLEATUM    VERATRINiE.     Oleate  of  Veratrine. 

Recipe. — Veratrine,  two  grammes 2  Gm. 

Oleic  Acid,  fifty  grammes SO  Gm. 

Olive  Oil,  a  sufficient  quantity,  

To  make  one  hundred  grammes .  .  100  Gm. 

Triturate  the  Veratrine  in  a  tared  mortar  with  about  five  cubic  centimeters  of 
Olive  Oil,  and,  after  warming  the  mortar,  add  the  Oleic  Acid,  and  continue  stirring 
until  the  Veratrine  is  dissolved;  then  add  sufficient  Olive  Oil  to  make  the  product 
weigh  one  hundred  grammes. 

Remarks. — A  2  per  cent,  solution  of  veratrine,  which  is  in  little 
demand. 
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OLEATUM   ZINCI  (U.S.  P.  1890).     Oleate  of  Zinc. 

The  former  official  zinc  oleate,  a  5  per  cent,  solution  of  zinc  oxide 
in  oleic  acid,  is  not  to  be  confounded  with  the  commercial  powdered 
zinc  oleate,  which  is  discussed  on  p.  524. 


CHAPTER   XIV 
INFUSIONS,  DECOCTIONS,  AND  TINCTURES 

INFUSIONS 

Infusions  are  preparations  made  by  the  maceration  or  percolation 
of  vegetable  substances  with  water.  With  infusions  we  begin  the  study 
of  those  preparations  made  by  extraction — by  use  of  the  processes  of 
maceration  and  percolation — rather  than  by  the  simple  solution  of 
the  medicating  substance  with  the  diluent. 

In  some  of  the  official  infusions  the  water  used  as  the  extracting 
solvent  is  applied  cold,  but  usually  it  is  poured  on  while  boiling  hot. 
It  is  used  cold  for  such  drugs  as  wild  cherry,  the  active  principle  of 
which,  hydrocyanic  acid,  would  be  driven  off  or  its  formation  would 
be  prevented  by  the  temperature  of  boiling  water. 

Infusions  are  not  much  used  in  this  country,  American  physicians 
preferring  the  alcoholic  preparations  of  drugs,  such  as  tinctures  and 
fluidextracts. 

They  quickly  spoil,  and  should  be  freshly  prepared  whenever 
called  for,  which  is  one  reason  why  they  have  lost  their  popularity 
in  this  country.  They  are  still  largely  used  in  England,  and  the 
various  infusion  mugs  depicted  in  works  of  pharmacy  are  mostly  of 
English  design.  Note  that  while  only  three  infusions  are  official 
in  the  U.  S.  P.,  a  general  formula  is  given  by  which  all  unofficial 
infusions  save  those  of  potent  drugs  are  to  be  prepared.  In  U.  S.  P. 
1880  the  drug  strength  of  these  general  infusions  was  directed  to  be 
10  per  cent.;  in  the  revision  of  1890  this  was  reduced  one-half,  to 
5  per  cent.;  which  strength  obtains  in  the  present  pharmacopoeia. 

TABLE  OF  OFFICIAL  INFUSIONS 

(All  Galenic) 
Manufacture.  Preparations. 

Maceration  with  hot  water.  Infusion  of  digitalis. 

Infusion  of  senna,  compound. 
Percolation  with  cold  water.  Infusion  of  wild  cherry. 

Explanatory  of  the  table  given  above,  it  may  be  said  that  in 
making  infusions  by  hot  maceration  the  coarsely  ground  drug  is  put 
into  a  suitable  vessel,  boiling  water  is  poured  upon  it,  and  the  macera- 
tion permitted  to  continue  a  half-hour  or  an  hour. 

In  England,  where  a  dozen  different  infusions  may  be  called  for 
in  a  day's  prescription  business,  those  infusions  in  daily  demand  are 
prepared  freshly  each  morning,  and  the  special  infusion  mugs,  such 
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as  are  shown  in  Fig.  164,  are  in  general  use.  In  this  country, 
where  a  prescription  for  an  infusion  comes  in  but  rarely,  any  suitable 
glass  or  porcelain  vessel — say,  a  teapot — can  be  used,  and  it  is  con- 
venient to  prepare  the  infusion  by  circulatory  solution,  that  is,  the 
ground  drug  is  placed  in  a  small  piece  of  straining  cloth  and  suspended 
just  below  the  surface  of  the  boiling  water.  It  might  be  stated  that 
the  perforated  diaphragm  a  of  the  infusion  mug  pictured  above  is 
intended  for  the  same  purpose.  The  process  of  cold  maceration  is 
sometimes  employed  in  making  infusions,  but 
this  is  done  rarely,  and  is  not  given  official 
sanction.  The  process  is  identical  with  hot 
maceration,  save  that  cold  water  is  used.  The 
process  of  cold  percolation  is  directed  for  mak- 
ing the  official  infusion  of  wild  cherry,  and  the 
manipulation  will  be  found  in  the  official  recipe 
given  below.  Details  of  percolation  have  al- 
ready been  given  on  pp.  158-162,  hence  no 
further  remarks  are  needed  here. 

The  process  of  hot  percolation  is  sometimes 
employed  in  making  infusions,  but  is  not  given 
official  sanction. 

It  might,  however,  be  mentioned  that  the 
first  stage  in  the  manufacture  of  the  official 
fluid  extracts  of  glycyrrhiza  (p.  251)  and  of 
triticum  (p.  252)  is  the  preparation  of  an  in- 
fusion by  percolation  with  hot  water. 

Infusions  are  sometimes  prepared  by  diges- 
tion, that  is,  by  allowing  the  drug  to  macerate 
in  water  several  hours  at  gentle  heat,  such  as 
that  furnished  by  a  steam  radiator  or  found  at  the  back  of  a  wood- 
stove  or  coal-range. 

But  one  word  is  necessary  as  to  the  preparation  of  infusions  by 
diluting  fluidextracts  with  warm  water,  a  process  recommended,  for 
scarcely  disinterested  reasons,  on  the  labels  of  the  fluidextracts  of 
most  manufacturers.  That  necessary  word  is  don't!  The  only 
reason  an  American  physician  prescribes  an  infusion  is  to  get  only 
those  active  principles  of  a  drug  which  are  soluble  in  water.  If  he 
wants  those  principles  which  are  soluble  in  alcohol,  he  prescribes  a 
tincture  or  a  fluidextract.  Hence  for  the  pharmacist  to  dispense  an 
infusion  made  from  a  fluidextract  is  as  much  a  perversion  of  duty  as 
would  be  the  dispensing  of  a  watery  percolate  from  ginger  on  a  pre- 
scription calling  for  the  official  tincture. 


Fig.  164. — Infusion  mug:  a. 
Diaphragm. 


SPECIAL  NOTES  ON  OFFICIAL  INFUSIONS 

INFUSA.     Infusions. 

An   ordinary  Infusion,  the  strength  of  which  is  not  directed  by  the  physician 
nor  specified  by  the  Pharmacopoeia,  shall  be  prepared  by  the  following  formula: 

Recipe. — The  Substance,  coarsely  comminuted,  fifty  grammes      50  Gm. 

Boiling  Water,  one  thousand  cubic  centimeters 1000  Co. 

Water,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters . .   1000  Cc. 
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Introduce  the  Substance  into  a  suitable  vessel  provided  with  a  cover,  pour  upon 
it  the  Boiling  Water,  cover  the  vessel  tightly,  and  let  it  stand  for  half  an  hour  m  a 
warm  place.  Then  strain  with  expression,  and  pass  enough  Water  through  the 
strainer  to  make  the  Infusion  measure  one  thovsand  cubic  centimeters. 

Caution. — The  strength  of  Infusions  of  energetic  or  powerful  substances  should 
be  specially  prescribed  by  the  physician. 

Remarks. — This  is  the  first  of  the  pharmacopoeial  "general  for- 
mulas" presented  in  this  book.  To  be  sure,  we  have  already  found  on 
p.  716  a  general  topic,  "aquae,"  but  under  that  heading  was  placed 
only  permission  to  prepare  aromatic  waters  by  different  processes, 
but  no  attempt  to  give  a  specific  recipe.  In  the  true  general  formula 
a  recipe  is  given  for  the  manufacture  of  every  representative  of  that 
particular  line  of  preparations,  unless  a  special  recipe  is  given  by 
the  pharmacopoeia  or  by  the  physician,  or  unless  the  active  ingredient 
is  so  potent  that  the  preparation  so  made  is  dangerous. 

Thus,  in  the  case  of  the  general  formula  for  infusions,  a  prescrip- 
tion for  any  infusion,  save  digitalis,  wild  cherry,  and  senna  compound, 
or  some  very  powerful  drug,  is  expected  to  be  compounded  by  the 
pharmacist  according  to  the  general  formula.  Thus  a  prescription 
for  1000  Cc.  infusion  of  buchu  is  to  be  prepared  by  macerating  50  Gm. 
of  the  bruised  drug  with  1000  Cc.  boiling  water,  and  for  any  quantity 
the  same  proportion  of  buchu  to  boiling  water  (5  :  100)  is  to  be 
preserved. 


INFUSUM  CINCHONiE  (U.  S.  P.  1890).     Infusion  of  Cinchona. 

Infusion  of  cinchona,  which  was  dropped  in  the  last  revision,  is 
made  by  percolating  60  Gm.  cinchona  with  a  menstruum  consisting 
of  30  Cc.  aromatic  sulphuric  acid  and  500  Cc.  water,  and  lastly  with 
enough  water  to  make  1000  Cc. 


INFUSUM  DIGITALIS.     Infusion  of  Digitalis. 

Recipe. — Digitalis,  bruised,  f-fteen  grammes IS  Gm. 

Alcohol,  one  hundred  cubic  centimeters 100  Cc. 

Cinnamon  Water,  one  hundred  and  fifty  cubic  centi- 
meters   150  Cc. 

Boiling  Water,  five  hundred  cubic  centimeters 500  Cc. 

Cold  Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .  1000  Cc. 

Upon  the  Digitalis,  contained  in  a  suitable  vessel,  pour  the  Boiling  Water 
and  allow  it  to  macerate  for  one  hour.  Then  strain,  add  the  Alcohol  and  Cinnamon 
Water  to  the  strained  liquid,  and  pass  enough  Cold  Water  through  the  residue  on  the 
strainer  to  make  the  product  measure  one  thousand  cubic  centimeters.     Mix  well. 

Remarks. — Infusion  of  digitalis  contains  1^  per  cent,  of  digitalis 
leaves,  the  strength  of  which  is  exhausted  by  maceration  with  boiling 
water,  and  the  official  product  flavored  with  cinnamon  water,  and 
enough  alcohol  added  to  make  the  product  fairly  stable.  As  noted 
on  p.  716,  the  manufacture  of  this  infusion  from  the  fluidextract  is 
especially  pernicious. 

Dose. — 8  Cc.  (2  fluidrachms). 
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INFUSUM   PRUNI    VIRGINIANiE.     Infusion  of  Wild  Cherry. 

Recipe. — Wild  Cherry,  in  No.  20  powder,  forty  grammes.  ...  40  Gm. 

Glycerin,  fifty  cubic  centimeters 50  Cc. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .  1000  Cc. 

Moisten  the  powder  with  sixty  cubic  centimeters  of  Water,  and  allow  it  to  macerate 
for  one  hour;  then  pack  it  firmly  in  a  conical  glass  percolator,  and,  having  placed 
the  Glycerin  in  the  receiving  bottle,  gradually  pour  Water  upon  the  powder  and 
continue  percolation  until  the  Infusion  measures  one  thousand  cubic  centimeters. 
Mix  well. 

RemarJcs. — Infusion  of  wild  cherry  is  made  by  percolation  of 
wild-cherry  bark  with  cold  water,  and  the  finished  product  represents 
about  4  per  cent,  of  wild-cherry  bark. 

Dose. — 60  Cc.  (2  fluidounces). 

INFUSUM  SENN^  COMPOSITUM.     Compound  Infusion  of  Senna. 

Recijpe. — Senna,  sixty  grammes 60  Gm. 

Manna,  one  hundred  and  twenty  grammes 120  Gm. 

Magnesium    Sulphate,    one   hundred   and   twenty 

grammes 120  Gm. 

Fennel,  bruised,  twenty  grammes 20  Gm. 

Boiling  Water,  eight  hundred  cubic  centimeters 800  Cc. 

Cold  Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .  1000  Cc. 

Upon  the  Senna,  Manna,  and  Fennel,  contained  in  a  suitable  vessel,  pour  the 
Boiling  Water,  and  allow  it  to  macerate  for  half  an  hour.  Then  strain  with  expres- 
sion, dissolve  the  Magnesium  Sulphate  in  the  infusion,  and  again  strain.  Lastly, 
add  enough  Cold  Water  through  the  strainer  to  make  the  Infusion  measure  one 
thousand  cubic  centimeters. 

RemarJcs. — Compound  infusion  of  senna  is  that  old  and  popular 
remedy,  "senna,  manna,  and  salts,"  with  a  bit  of  fennel  added  for 
flavor.  Note  its  synonym — black  draught;  this  must  not  be  con- 
founded with  "black  drop"  (p.  263),  as  it  once  was  in  England, 
with  fatal  results. 

Dose. — 120  Cc.  (4  fluidounces). 

Doses  of  Official  Infusions 

8  Cc.  (2  fluidrachms) Infusion  of  digitalis. 

60  Cc.  (2  fluidounces) Infusion  of  wild  cherry. 

120  Cc.  (4  fluidounces) Infusion  of  senna  compound. 

The  preservation  of  infusions  has  been  the  subject  of  considerable 
unnecessary  writing.  By  the  very  character  of  preparation  no 
attempts  should  be  made  to  preserve  infusions,  which  should  be 
freshly  prepared  as  required.  The  addition  of  any  preservative 
agent  to  infusions  is,  of  course,  out  of  the  question.  In  England, 
where  the  infusions  are  used  very  largely,  a  separate  counter  is 
arranged  for  the  use  of  infusions,  and  here  are  placed  a  line  of  infusion 
mugs.  At  the  beginning  of  each  day  the  contents  of  these  mugs  are 
thrown  away  and  the  apparatus  carefully  washed,  and  new  quantities 
of  the  infusions  are  prepared.  No  infusion  should  be  dispensed  later 
than  twenty-four  hours  after  making. 
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DECOCTIONS 

These  are  liquids  made  by  boiling  the  drug  for  fifteen  minutes  with 
water. 

The  boiling  should  not  be  carried  on  in  iron  vessels,  as  a  large 
number  of  drugs  from  which  decoctions  are  made  contain  tannin, 
and  this,  combining  with  iron,  forms  a  black  mixture  (ink).  In 
Germany  and  other  countries  where  the  decoctions  are  popular  they 
are  prepared  in  special  block-tin  vessels;  but  in  America,  where  the 
decoctions  are  but  seldom  prescribed,  an  enameled  dish  will  answer 
the  purpose. 

The  present  pharmacopoeia  recognizes  no  specific  decoctions, 
giving  only  the  general  formula,  reproduced  below. 

DECOCTA.     Decoctions. 

An  ordinary  Decoction,  the  strength  of  which  is  not  directed  by  the  physician, 
shall  be  prepared  by  the  following  formula: 

Recipe. — The  Substance,  coarsely  comminuted,  fifty  grammes       50  Gm. 

Water,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters .  .   1000  Co. 

Introduce  the  Substance  into  a  suitable  vessel  provided  with  a  cover,  pour  upon 
it  one  thousand  cubic  centimeters  of  cold  Water,  cover  it  well,  and  boil  for  fifteen 
minutes.  Then  allow  it  to  cool  to  about  40°  C.  (104°  F.),  express,  strain  the 
expressed  liquid,  and  pass  enough  cold  Water  through  the  strainer  to  make  the 
product  measure  one  thousand  cubic  centimeters. 

Caution. — The  strength  of  Decoctions  of  energetic  or  powerful  substances 
should  be  specially  prescribed  by  the  physician. 

Remarks. — The  comments  made  regarding  the  general  formula 
for  infusions  apply  with  equal  force  at  this  place. 

The  two  decoctions  recognized  by  the  pharmacopoeia  of  1890  are 
worthy  of  passing  notice. 

DECOCTUM   CETRARI^  (U.  S.  P.  1890).     Decoction  of  Cetraria. 

This  decoction  was  made  by  macerating  50  Gm.  cetraria  with 
400  Cc.  cold  water  for  a  half-hour  and  then  the  expressed  liquid 
thrown  away.  The  washed  cetraria  was  then  boiled  with  1000  Cc. 
water  for  fifteen  minutes. 

Cetraria,  or  Iceland  moss,  contains  a  very  bitter  principle,  called 
cetraric  acid,  as  well  as  the  mucilage,  the  constituent  which  makes 
the  decoction  a  nutritious  jelly.  The  presence  of  this  bitter  principle 
in  the  jelly  would  render  it  distasteful.  Fortunately,  however, 
cetraric  acid  is  soluble  in  cold  water,  and  for  this  reason  the  drug  is 
first  macerated  in  cold  water,  in  which  the  cetraric  acid  will  dissolve, 
this  bitter  liquid  expressed  and  thrown  away;  then,  and  only  then, 
can  the  cetraria  be  boiled  to  a  jelly,  free  from  bitterness. 

DECOCTUM   SARSAPARILL^   COMPOSITUM  (U.  S.  P.  1890). 

Compound  Decoction  of  Sarsaparilla. 

This  former  official  was  made  by  boiling  100  Gm.  bruised  sar- 
saparilla and  20  Gm.  guaiacum  wood  for  a  half-hour  with  1000  Cc. 
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water,  then  adding  20  Gm,  sassafras  bark,  20  Gm.  glycyrrhiza,  and 
10  Gm.  mezereum,  and  letting  it  macerate  two  hours.  To  the  strained 
liquid  enough  water  was  added  to  make  100  Cc, 

This  decoction,  rarely  used  in  this  country,  is  popular  in  Germany 
as  an  alterative. 

TINCTURES 

Tinctures  are  alcoholic  solutions  of  non-volatile  substances  obtained 
by  extraction  of  drugs. 

An  exception  to  the  statement  "alcoholic  solutions  of  non-volatile 
substances"  is  found  in  tincture  of  iodine,  which  is  made  by  dis- 
solving the  volatile  substance  iodine  in  alcohol. 

Tinctures  prepared  from  drugs  differ  from  fluidextracts  in  the 
matter  of  strength.  All- fluidextracts,  as  we  will  learn  later  (p.  239), 
are  adjusted  to  represent  a  100  per  cent,  product,  that  is,  100  Cc. 
represent  the  active  principles  of  100  Gm.  of  a  standard  drug,  while 
the  tinctures  are  much  weaker,  none  of  those  official  being  stronger 
than  50  per  cent.  The  strength  of  tinctures  varies,  ranging  from 
camphorated  tincture  of  opium,  which  contains  but  ^  of  1  per  cent, 
opium,  its  active  ingredient,  to  tincture  of  lactucarium  and  other 
50  per  cent,  tinctures.  The  strength  of  tinctures  underwent  a  radical 
change  in  the  last  pharmacopoeial  revision,  and  the  results  are  much 
easier  to  impress  upon  the  memory  than  were  the  widely  different 
strengths  of  the  tinctures  of  the  pharmacopoeia  of  1890. 

The  following  table  gives  the  strength  of  every  tincture  recognized 
by  the  present  pharmacopoeia. 

STRENGTH   OF  OFFICIAL  TINCTURES 

y\  of  1  per  cent.:  Tincture  of  opium,  camphorated.  0.4  of  1  per 
cent,  opium,  1.6  per  cent,  total  active  constituents. 

5  per  cent. :     Tinctures  of  kino  and  of  musk. 

7  per  cent.:     Tincture  of  iodine  (also  5  per  cent,  potassium  iodide). 

10  per  cent. :  Tinctures  of  aconite,  belladonna  leaves,  cantharides, 
capsicum,  colchicum  seed,  digitalis,  gelsemium,  hyoscyamus,  Indian 
cannabis,  lobelia,  opium,  deodorized  opium,  physostigma,  sanguinaria, 
squill,  stramonium,   strophanthus,   and  veratrum. 

20  per  cent. :  Tinctures  of  arnica,  asafetida,  bitter  orange,  benzoin, 
calendula,  calumba,  cardamom,  cimicifuga,  cinchona,  cinnamon, 
ginger,  guaiac,  guaiac  ammoniated,  hydrastis,  krameria,  myrrh, 
nutgall,  pyrethrum,  quassia,  quillaja,  serpentaria,  tolu,  valerian, 
and  valerian  ammoniated. 

50  per  cent.:  Tinctures  of  fresh  herbs,  lactucarium,  lemon  peel, 
and  sweet  orange  peel. 

Some  official  tinctures  do  not  adapt  themselves  to  the  table  just 
given,  so  must  be  given  special  mention. 

Tincture  of  aloes represents  10  per  cent,  aloes  and  10  per  cent. 

glycyrrhiza. 
Tincture  of  aloes  and  myrrh represents    10  per  cent,  aloes,    10  per  cent. 

myrrh,  and  10  per  cent,  glycyrrhiza. 
Tincture  of  ferric  chloride represents    35    per    cent,    solution    of    ferric 

chloride  or  10  per  cent.  iron. 
Tincture  of  ipecac  and  opium represents  10  per  cent,  ipecac  and  10  per  cent. 

opium. 


24 

per  cent. 

6.7 

20 

7.5 

15 

30 
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Tincture  of  lavender ,  compound represents  2^  per  cent,  oil  of  lavender  and 

5  per  cent,   total  active  constituents. 
Tincture  of  nux  vomica represents  2  per  cent,  extract  nux  vomica,  or 

about  8  per  cent,  of  the  drug,  or  10  per  cent. 

of  the  fluidextract. 
Tincture  of  rhubarb represents  20  per  cent,  rhubarb  and  4  per  cent. 

cardamom. 
Tincture  of  vanilla represents  10  per  cent,  vanilla  and  contains 

20  per  cent,  sugar. 

The  remaining  official  tinctures  adjust  themselves  to  the  following 
table  of  strengths: 

Name  of  Tincture.  Percentage  of  Principal      Percentage  of  Total 

Constituent.  Active  Constituents. 

Tincture  of  benzoin,  compound 10     per  cent. 

Tincture  of  cardamom,  compound 2.5 

Tincture  of  cinchona,  compound 10 

Tincture  of  gambir,  compound 5 

Tincture  of  gentian,  compound 10 

Tincture  of  rhubarb,  aromatic 20 

Explanatory  of  the  above,  let  it  be  said  that  by  "principal  con- 
stituent" is  meant  the  drug  giving  the  compound  tincture  its  name, 
and  as  to  "total  active  constituents"  these  will  be  enumerated  in 
the  proper  place. 

Attention  should  be  called  to  the  distinction  between  "represents" 
and  "contains";  thus  it  is  said  above  that  tincture  of  vanilla  "repre- 
sents 10  per  cent,  vanilla  and  contains  20  per  cent,  sugar."  This 
distinction  should  always  be  borne  in  mind  in  discussing  the  strength 
of  liquid  pharmaceuticals,  and  it  can  only  be  said  of  any  one  of  these 
that  it  "contains"  a  certain  percentage  of  a  drug  when  that  drug 
is  completely  dissolved  in  the  liquid,  as  in  the  case  of  the  sugar  in 
tincture  of  vanilla.  If  the  drug  is  composed  of  vegetable  tissue  not 
entirely  soluble  in  the  menstruum,  as  in  the  case  of  the  vanilla,  then 
the  tincture  does  not  "contain"  10  per  cent,  vanilla,  but  merely 
represents  the  active  principles  obtained  from  10  per  cent,  vanilla  by 
extraction.  There  is  another  clumsy  phase  in  the  glib  statement 
that  a  certain  tincture  is  10  per  cent.;  namely,  a  true  10  per  cent, 
preparation  is  one  in  which  all  the  ingredients  are  weighed,  that 
is,  represents  10  Gm.  of  drug  in  100  Gm.  of  the  finished  product. 
On  the  other  hand,  a  10  per  cent,  tincture  contains  the  activity 
of  10  Gm.  of  drug  in  100  Cc.  of  finished  tincture.  This,  however, 
is  a  question  of  splitting  hairs,  since  in  making  the  greater  num- 
ber of  the  liquid  pharmaceuticals  of  the  pharmacopoeia  the  solids 
are  weighed,  while  the  preparation  is  finished  by  bringing  it  to  a 
certain  volume. 

Summing  up  the  table  of  strengths  of  tinctures,  we  have  two 
5  per  cent,  tinctures  (three  including  gambir  compound),  one  7  per 
cent,  tincture,  and  four  50  per  cent,  tinctures.  The  others  are  10  per 
cent,  or  20  per  cent.,  and  all  those  of  potent  drugs  are  10  per  cent, 
except  iodine.  Before  dismissing  the  question  of  strength  of  tinctures, 
emphasis  must  be  laid  on  the  marked  change  in  the  strength  of  some 
tinctures  in  the  last  revision,  through  the  effort  to  secure  greater 
uniformity: 
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One  was  reduced  from  10  per  cent,  to 

5  per  cent Tincture  of  kino. 

Three  were  raised  from  5  per  cent,  to 

10  per  cent Tinctures  of  cantharides,  capsicum,  andstro- 

phanthus. 
Nine  were  reduced  from  15  per  cent,  to 

10  per  cent Tinctures  of  belladonna  leaves,  colchicum  seed, 

digitalis,   gelsemium,    hyoscyamus,    Indian 
cannabis,  physostigma,  sanguinaria,  squill, 
and  stramonium. 
One  was  reduced  from  20  per  cent,  to 

10  per  cent Tincture  of  lobelia. 

One  was  reduced  from  35  per  cent,  to 

10  per  cent Tincture  of  aconite. 

One  was  reduced  from  40  per  cent,  to 

10  per  cent Tincture  of  veratrum. 

Seven  were  raised  from  10  per  cent,  to 

20  per  cent Tinctures  of  calumba,  cardamom,  cinnamon, 

quassia,  rhubarb,  serpentaria,  and  tolu. 
One  was  raised  from  20  per  cent,  to 
50  per  cent Tincture  of  sweet  orange  peel. 

The  following  tables  give  lists  of  official  tinctures  arranged  accord- 
ing to  method  of  manufacture.  In  passing,  it  may  be  said  that  all  of 
them  are  galenic  preparations. 

Official  Tinctures  Made  by  Solution  or  Dilution 
Preparation.  Solvent. 

Tincture  of  ferric  chloride Alcohol,  650  Cc;  solution  of  ferric  chloride, 

350  Cc. 

Tincture  of  iodine Alcohol. 

Tincture  of  ipecac  and  opium Practically  diluted  alcohol,  U.  S.  P. 

Tincture  of  nux  vomica Alcohol,  750  Cc. ;  water,  250  Cc. 

Tincture  of  tolu Alcohol. 

Official  Tinctures  Made  by  Maceration 
Menstruum. 

Alcohol,  U.  S.  P Tincture  of  asafetida. 

Tincture  of  benzoin. 

Tincture  of  benzoin,  compound. 

Tincture  of  guaiac. 

Tincture  of  lemon  peel. 

Tincture  of  myrrh. 

Tincture  of  sweet  orange. 
Alcohol,  750 Cc;  water,  250 Cc Tincture  of  aloes  and  myrrh. 

Tincture  of  lavender,  compound. 

Tincture  of  squill. 
Diluted  alcohol,  U.  S.  P Tincture  of  aloes. 

Tincture  of  arnica. 

Tincture  of  garabir,  compound. 

Tincture  of  musk. 

Alcohol,  350  Cc;  water,  650  Cc Tincture  of  quillaja. 

Glycerin,  150  Cc;  alcohol,  650  Cc; 

water,  200  Cc Tincture  of  kino. 

Glycerin,    50   Cc;    diluted   alcohol, 

950  Cc Tincture  of  cardamom,  compound. 

Glycerin,    40   Cc;    diluted    alcohol, 

950  Cc Tincture  of  opium,  camphorated. 

Aromatic  spirit  of  ammonia Tincture  of  guaiac,  ammoniated. 

Two  of  the  above — arnica  and  squill — are  made  by  maceration  with  expression. 
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Offlcial  Tinctures  Made  by  Percolation 
Menstruum.  Preparation. 

Alco^iol,  U.  S.  P Tincture  of  calendula. 

Tincture  of  cantharides. 

Tincture  of  cimicifuga. 

Tincture  of  ginger. 

Tincture  of  Indian  cannabis. 

Tincture  of  physostigma. 

Tincture  of  pyrethrum. 

Tincture  of  veratrum. 

Alcohol,  950  Cc;  water,  50  Co Tincture  of  capsicum. 

Alcohol,  750  Cc;  water,  250  Cc Tincture  of  valerian. 

Alcohol,  700  Cc;  water,  300  Cc Tincture  of  aconite. 

Alcohol,  650  Cc;  water,  350  Cc Tincture  of  gelsemium. 

Tincture  of  Hydrastis. 

Tincture  of  serpentaria. 

Tincture  of  strophanthus. 

Tincture  of  vanilla. 
Alcohol,  600  Cc;  water,  400  Cc Tincture  of  bitter  orange. 

Tincture  of  calumba. 

Tincture  of  colchicum  seed. 

Tincture  of  gentian,  compound. 
Diluted  alcohol,  U.  S.  P Tincture  of  belladonna  leaves. 

Tincture  of  cardamom. 

Tincture  of  digitalis. 

Tincture  of  hyoscyamus. 

Tincture  of  krameria. 

Tincture  of  lobelia. 

Tincture  of  opium. 

Tincture  of  stramonium. 

Alcohol,  350  Cc.  ;  water,  650  Cc Tincture  of  quassia. 

Alcohol,  200  Cc. ;  water,  800  Cc Tincture  of  deodorized  opium. 

Glycerin,  100 Cc;  alcohol,  900  Cc.  .  .   Tincture  of  nutgall. 
Glycerin,  75  Cc;   alcohol,  675   Cc; 

water,  250  Cc Tincture  of  cinchona. 

Tincture  of  cinchona,  compound. 

Tincture  of  cinnamon. 
Glycerin,  250  Cc;   alcohol,  500  Cc; 

water,  200  Cc Tincture  of  lactucarium. 

Glycerin,  100  Cc;  alcohol,  500  Cc; 

water,  400  Cc Tincture  of  rhubarb. 

Tincture  of  rhubarb,  aromatic. 
Acetic  acid,  20  Cc;  alcohol,  600  Cc; 

water,  400  Cc Tincture  of  sanguinaria. 

Aromatic  spirit  of  ammonia Tincture  of  valerian,  ammoniated. 

As  to  the  three  methods  of  preparing  tinctures  in  the  table  just 
given,  but  little  need  be  said  at  this  time.  The  process  of  solution 
or  dilution  requires  no  comment,  since  full  details  of  manufacture 
of  each  tincture  so  prepared  will  be  given  in  the  special  notes. 

The  processes  of  maceration  and  of  percolation  have  been  fully 
explained  in  Chapter  X. ;  so  here  we  need  only  state  that  a  tincture  is 
directed  by  the  pharmacopoeia  to  be  made  by  maceration  only  when 
the  percolation  of  the  drug  is  impossible  or  inconvenient. 

This  is  the  case  in  the  tinctures  made  from  resinous  drugs,  for, 
should  we  powder  such  drugs,  pack  them  in  the  percolator,  and 
attempt  percolation,  the  mass  in  the  percolator  would  soon  clog  and 
the  percolation  cease.  The  percolation  of  such  drugs  can  be  accom- 
plished only  if  the  drug  is  first  mixed  with  once  or  twice  its  weight  of 
clean,  dry  sand.  This  manipulation  is  hardly  worth  the  trouble,  and, 
therefore,  the  pharmacopoeia  directs  that  tinctures  of  such  drugs  be 
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prepared  by  simple  maceration.  The  details  of  the  pharmacopoeial 
recipe  for  almost  every  tincture  prepared  by  maceration  are  identical, 
and  this  is  still  truer  of  those  tinctures  prepared  by  percolation;  hence, 
in  the  special  notes  only  the  typical  recipes  will  be  given  in  full,  and 
the  recipe  of  other  tinctures  will  be  compared  with  and  referred  to  the 
typical  recipe. 

Already  cm  p.  160  we  discussed  the  choice  of  the  appropriate 
menstrua,  s©  here  it  need  only  be  said,  on  comparison  of  the  above 
table  of  menstrua  with  the  discussion  of  the  chemical  constituents 
of  the  drugs  employed,  found  in  Part  IV.,  it  will  be  usually  found  that 
the  drugs  requiring  strong  alcohol  for  extraction  are  those  grouped 
among  resins,  gum-resins,  oleoresinous,  or  volatile  oil  drugs;  that 
those  extracted  with  glycerinic  menstruum  are  tannin-bearing  drugs; 
that  those  having  acetic  acid  in  the  menstruum  are  drugs  containing 
volatile  alkaloids;  while  the  ordinary  drug-containing  glucosides, 
neutral  principles,  or  stable  alkaloids  are  extracted  with  alcohol 
more  or  less  diluted  with  water. 

There  are  64  tinctures  recognized  by  the  present  pharmacopoeia — 
8  less  than  were  recognized  by  the  pharmacopoeia  of  1890. 

SPECIAL  NOTES  ON  OFFICIAL  TINCTURES 

TINCTURA  ACONITI.     Tincture   of   Aconite. 

Recipe. — Aconite,  in  No.  60  powder  (containing  not  less  than 

0.5  per  cent,  of  aconitine),  one  hundred  grammes. .      100  Gm. 
Alcohol, 

Water,  each,  a  sufjicient  quantity,  

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

Mix  Alcohol  and  Water  in  the  proportion  of  seven  hundred  cubic  centimeters  o{ 
Alcohol  to  three  hundred  cubic  centimeters  of  Water.  Moisten  the  Aconite  with 
forty  cubic  centimeters  of  this  menstruum,  transfer  it  to  a  percolator,  and,  without 

Dressing  the  powder,  allow  it  to  stand,  well  covered,  for  six  hours;  then  pack  it  very 
rmly  and  pour  on  enough  menstruum  to  saturate  the  powder  and  leave  a  stratum 
above  it.  When  the  liquid  begins  to  drop  from  the  percolator,  close  the  lower 
orifice,  and,  having  closely  covered  the  percolator,  macerate  for  forty-eight  hours. 
Then  allow  the  percolation  to  proceed  slowly,  gradually  adding  menstruum  until 
one  thousand  cubic  centimeters  are  obtained. 

Tincture  of  Aconite,  when  assayed,  should  contain  in  one  hundred  cubic  centi- 
meters 0.045  Gm.  of  aconitine. 

Remarks. — The  assay  of  this  tincture  will  be  explained  in  Chapter 
LV.     It  should  contain  y^^  of  1  per  cent,  aconitine. 
Dose. — 0.6  Cc.  (10  minims). 

TINCTURA  ALOES.     Tincture   of   Aloes. 

Redpe. — Purified  Aloes,  in  No.  40  powder,  one  hundred 

grammes 100  Gm. 

Glycyrrhiza,    in    No.    40    powder,    two    hundred 

grammes 200  Gm. 

Diluted  Alcohol,  o  sufficient  quantity,  

To  make  one  thxmsand  cubic  centimeters .  .   1000  Cc. 

Macerate  the  Purified  Aloes  and  Glycyrrhiza  in  a  stoppered  container,  in  a 
moderately  warm  place,  with  seven  hundred  and  fifty  cubic  centimeters  of  Diluted 
Alcohol,  for  seven  ckys,  with  occasional  agitation;  then  filter  through  purified  cotton 
or  a  plain  paper  filter,  and,  when  the  liquid  has  drained  off  completely,  pass  enough 
Diluted  Alcohol  through  the  residue  to  make  one  thousand  cubic  centimeters  of  Tmc- 
ture. 
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Remarks. — This  represents,  besides  the  chief  ingredient,  20  per 
cent,  .licorice  root.  Note  that  this  and  all  tinctures  prepared  by 
maceration  are  directed  to  be  filtered  either  through  absorbent 
cotton  or  through  a  plain  filter,  plaited  filters  not  being  advised. 

Dose. — 2  Cc.  (30  minims). 

TINCTURA  ALOES  ET  MYRRH-ffi.     Tincture  of  Aloes  and  Myrrh. 

Recipe. — Made  by  macerating  100  Gm.  purified  aloes,  100  Gm. 
myrrh,  and  10  Gm.  glycyrrhiza  with  the  menstruum — alcohol,  750  Cc; 
water,  250  Cc. — to  make  1000  Cc.  Details  as  in  making  tincture  of 
aloes. 

Dose. — 2  Cc.  (30  minims). 

TINCTURA   ARNICiE.     Tincture  of  Arnica. 

Recipe. — Arnica,  in  No.  20  powder,  two  hundred  grammes 200  Gm. 

Diluted  Alcohol,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .   1000  Cc. 

Macerate  the  Arnica  with  five  hundred  cubic  centimeters  of  Diluted  Alcohol  in  a 
closed  vessel,  in  a  moderately  warm  place,  for  three  days,  with  occasional  stirring, 
and  express  strongly.  Repeat  this  operation  twice  successively  with  two  hundred 
and  fifty  cubic  centimeters  of  Diluted  Alcohol,  macerating  for  twenty-four  hours  each 
time;  then,  having  ascertained  the  volume  of  the  united  expressed  liquids,  macerate 
the  residual  marc  for  six  hours  with  sufficient  menstruum  to  make  approximately 
one  thousand  cubic  centimeters,  and  express  as  before.  Mix  the  expressed  liquids, 
filter  through  paper,  and  pass  sufficient  Diluted  Alcohol  through  the  filter  to  make 
one  thousand  cubic  centimeters  of  Tincture. 

Remarks. — This  preparation  was  called  tincture  of  arnica  flowers 
by  the  pharmacopoeia  of  1890,  since  at  that  time  the  tincture  of  arnica 
root  was  made  by  percolating  100  Gm.  arnica  root  with  enough  men- 
struum— alcohol,  650  Cc;  water,  350  Cc. — to  make  1000  Cc.  In  the 
pharmacopoeia  of  1890  the  tincture  of  the  flowers  was  made  by  per- 
colation, but  in  the  last  revision  its  manufacture  by  maceration  and 
expression  was  wisely  adopted,  since  the  drug  is  very  bulky  and 
highly  absorbent;  hence  percolation  means  a  large  waste  of  menstruum, 
unless  the  marc  is  expressed.  The  popularity  of  tincture  of  arnica 
as  a  vulnerary  is  well  known.     It  is  rarely  given  internally. 

Dose. — 1  Cc  (15  minims). 

TINCTURA  ASAFCETID^.     Tincture   of  Asafetida. 

Recipe. — Made  by  maceration  of  asafetida  for  three  days  with 
alcohol.  Strength,  20  per  cent.  Details  as  in  making  tincture  of 
aloes. 

Dose. — 1  Cc.  (15  minims). 

TINCTURA  AURANTII  AMARI.     Tincture  of  Bitter  Orange  Peel. 

Recipe. — Moisten  200  Gm.  of  drug  in  No.  40  powder  with  80  Cc. 
of  menstruum — alcohol,  600  Cc;  water,  400  Cc;  macerate  six  hours 
before  and  twenty-four  hours  after  packing,  and  then  percolate  to 
1000  Cc     Details  as  in  making  tincture  of  aconite. 
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TINCTURA  AURANTII  DULCIS.     Tincture  of  Sweet  Orange  Peel. 

Recipe. — Sweet  Orange  Peel,  from  the  fresh  fruit,  in  thin 
shavings  and  cut  into  narrow  shreds,  f,ve  hundred 

grammes 500  Gm. 

Alcohol,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

Macerate  the  Sweet  Orange  Peel,  in  a  stoppered  wide-mouthed  container  and 
in  a  moderately  warm  place,  with  one  thousand  cubic  centimeters  of  Alcohol,  during 
forty-eight  hours,  with  frequent  agitation;  then  filter  through  purified  cotton,  and, 
when  the  liquid  has  drained  off  completely,  gradually  pass  enough  menstruum 
through  the  residue  to  make  one  thousand  cubic  centimeters  of  Tincture;  finally, 
filter  it  through  paper. 

Remarks. — This  tincture  is  a  pleasant  flavor,  more  like  a  spirit 
than  a  tincture. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA    BELLADONNA    FOLIORUM.      Tincture  of  Belladonna 

Leaves. 

Recipe. — Moisten  with  100  Gm.  of  drug  in  No.  60  powder  with 
40  Cc.  of  the  menstruum — diluted  alcohol;  macerate  three  hours 
before  and  twenty-four  hours  after  packing,  and  then  percolate  to 
1000  Cc.     Details  as  in  making  tincture  of  aconite. 

Remarks. — For  the  assay  of  this  tincture,  see  Chapter  LV.  It 
should  contain  yfi^  of  1  per  cent,  of  mydriatic  alkaloids. 

Dose. — 0.5  Cc.  (8  minims). 

TINCTURA  BENZOINI.     Tincture  of  Benzoin. 

Recipe. — Benzoin,  in  No.  40  powder,  two  hundred  grammes.  . .     200  Gm. 
Alcohol,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters.  .    1000  Cc. 

Triturate  the  Benzoin  with  two  hundred  and  fifty  cubic  centimeters  of  Alcohol 
imtil  a  uniform  magma  is  obtained.  Transfer  this  to  a  stoppered  container  with 
the  aid  of  five  hundred  cubic  centimeters  of  Alcohol,  and  set  it  aside  in  a  moderately 
warm  place,  shaking  frequently  during  three  days.  Then  transfer  the  mixture  to 
a  paper  filter,  and,  when  the  liquid  has  drained  off  completely,  pour  on  enough 
Alcohol  to  make  one  thousand  cubic  centimeters  of  Tincture. 

Remarks. — It  will  be  seen  that  the  above  recipe  is  a  slight  modifi- 
cation of  the  maceration  process  for  making  tincture  of  asafetida. 
Dose. — 1  Cc.  (15  minims). 

TINCTURA  BENZOINI  COMPOSITA.     Compound  Tincture  of 

Benzoin. 

Recipe. — Benzoin,  in  No.  40  powder,  one  hundred  grammes .  .  .  100  Gm. 
Purified  Aloes,  in  No.  40  powder,  twenty  grammes.  .       20  Gm. 

Storaz,  eighty  grammes 80  Gm. 

Balsam  of  Tolu,  forty  grammes 40  Gm. 

Alcohol,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .   1000  Cc. 

Triturate  the  Benzoin  and  Purified  Aloes  with  two  hundred  and  fifty  cubic  centi- 
meters of  Alcohol  until  a  uniform  magma  is  obtained.  Transfer  this  to  a  stoppered 
container  with  the  aid  of  five  hundred  cubic  centimeters  of  Alcohol,  add  the  Storax 
and  Balsam  of  Tolu,  and  set  the  mixture  aside  in  a  moderately  warm  place,  shaking 
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it  frequently  during  three  days;  then  transfer  it  to  a  paper  filter,  and,  when  the 
liquid  has  drained  off  completely,  pour  on  enough  Alcohol  to  make  one  thousand 
cubic  centimeters  of  Tincture. 

Remarks, — This  useful  preparation  is  similar  to,  but  not  identical 
with,  the  old-time  proprietaries:  friars'  balsam,  Turlington's  balsam, 
elixir  commendatoris,  or  baum6  de  commandeur.  The  latter  product 
contained  balsam  of  Peru,  myrrh,  and  angelica  root,  in  addition  to 
the  ingredients  of  the  official  tincture.  A  recipe  for  the  true  friars' 
balsam  is  found  in  the  National  Formulary,  but  it  is  usually  the  cus- 
tom in  this  country  to  dispense  compound  tincture  of  benzoin  on 
calls  for  the  preparations  whose  synonyms  have  just  been  given. 

Dose. — 2  Cc.  (30  minims). 

TINCTURA  CALENDULiE.     Tincture  of   Calendula. 

Recipe. — Moisten  200  Gm.  drug  in  No.  20  powder  with  80  Cc.  of 
the  menstruum — alcohol  (U.  S.  P.) ;  macerate  six  hours  before  and 
twenty-four  hours  after  packing,  and  then  percolate  to  1000  Cc. 
Details  as  in  making  tincture  of  aconite. 

Dose. — None  is  given,  since  the  preparation  is  used  almost  entirely 
externally  as  a  vulnerary. 

TINCTURA   CALUMBiE.     Tincture  of  Calumba. 

Recipe. — Moisten  200  Gm.  drug  in  No.  20  powder  with  100  Cc.  of 
the  menstruum — 600  Cc.  alcohol;  400  Cc.  water;  macerate  twenty-four 
hours  before  packing,  and  then  percolate  to  1000  Cc.  Details  as  in 
making  tincture  of  aconite. 

Dose. — 4  Cc.  (1  fiuidrachm). 

TINCTURA  CANNABIS   INDICiE.     Tincture  of  Indian  Cannabis. 

Recipe. — Moisten  100  Gm,  of  the  drug  in  No.  40  powder  with  50  Cc. 
of  the  menstruum — alcohol  (U.  S.  P.) ;  macerate  six  hours  before  and 
twenty-four  hours  after  packing,  and  then  percolate  to  1000  Cc. 
Details  as  in  tincture  of  aconite. 

Dose. — 0.6  Cc.  (10  minims). 

TINCTURA  CANTHARIDIS.     Tincture  of  Cantharides. 

Recipe. — Moisten  100  Gm.  of  the  drug  in  a  No.  60  powder  with 
35  Cc.  of  the  menstruum — alcohol  (U.  S.  P.) ;  macerate  six  hours  before 
and  twenty-four  hours  after  packing,  and  percolate  to  1000  Cc. 
Details  as  in  making  tincture  of  aconite. 

Dose. — 0.3  Cc.  (5  minims).  Used  chiefly  externally  as  a  con- 
stituent of  hair-dressings. 

TINCTURA   CAPSICI.     Tincture  of  Capsicum. 

Recipe. — Moisten  100  Gm.  of  the  drug  in  No.  50  powder  with  35  Cc. 
of  the  menstruum — 950  Cc.  alcohol;  50  Cc.  water;  macerate  six  hours 
before  and  twenty-four  hours  after  packing,  and  then  percolate  to 
1000  Cc.     Details  as  in  making  tincture  of  aconite. 

Dose. — 0.5  Cc.  (8  minims). 
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TINCTURA  CARDAMOMI.     Tincture  of  Cardamom. 

Recipe. — Moisten  200  Gm.  of  the  drug  in  No.  30  powder  with  80  Cc. 
of  the  menstruum — diluted  alcohol  (U.  S.  P.);  macerate  six  hours 
before  and  twenty-four  hours  after  packing,  and  then  percolate  to 
1000  Cc.     Details  as  in  making  tincture  of  aconite. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA   CARDAMOMI   COMPOSITA.     Compound  Tincture  of 

Cardamom. 

Recipe. — Macerate  25  Gm.  cardamom;  25  Gm.  Saigon  cinnamon; 
12  Gm.  caraway,  and  5  Gm.  cochineal,  ground  together  to  a  No.  40 
powder,  seven  days  with  the  menstruum — glycerin,  50  Cc. ;  diluted 
alcohol,  950  Cc;  finally  using  enough  diluted  alcohol  to  make  1000  Cc. 
Details  as  in  making  tincture  of  aloes. 

Remarks. — A  mnemonic  for  the  active  constituents  of  this  com- 
pound tincture  are  the  four  C's: 

lardamom 


C 


mnamon 

araway 

ochineal 


This    bright-red   liquid — the    color   due   to   the   cochineal — is    a 
pleasant  aromatic  and  carminative. 
Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA  CIMICIFUGiE.     Tincture  of  Cimicifuga. 

Recipe. — Moisten  200  Gm.  of  the  drug  in  No,  40  powder  with  60  Cc. 
of  the  menstruum — alcohol  (U.  S.  P.) ;  macerate  six  hours  before 
and  twenty-four  hours  after  packing,  and  then  percolate  to  1000  Cc. 
Details  as  in  making  tincture  of  aconite. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA   CINCHONiE.     Tincture  of  Cinchona. 

Recipe. — Cinchona,  in  No.  60  powder  (yielding  not  less  than 
4  per  cent,  of  anhydrous  ether-soluble  alkaloids), 

two  hundred  grammes 200  Gm. 

Glycerin,  seventy-five  cubic  centimeters 7S  Cc. 

Alcohol, 

Water,  each,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters.  .    1000  Cc. 

Mix  the  Glycerin  with  six  hundred  and  seventy-five  cubic  centimeters  of  Alcohol 
and  two  hundred  and  fifty  cubic  centimeters  of  Water.  Moisten  the  Cinchona  with 
eighty  cubic  centimeters  of  the  menstruum,  transfer  it  to  a  percolator,  and,  without 

Eressing  the  powder,  allow  it  to  stand,  well  covered,  for  six  hours;  then  pack  it 
rmly  and  pour  on  enough  menstruum  to  saturate  the  powder  and  leave  a  stratum 
above  it.  When  the  liquid  begins  to  drop  from  the  percolator,  close  the  lower 
orifice,  and,  having  closely  covered  the  percolator,  macerate  for  forty-eight  hours. 
Then  allow  the  percolation  to  proceed  slowly,  pouring  on  first  the  remainder  of  the 
menstruum,  and  then  sufficient  of  a  mixture  of  Alcohol  and  Water,  made  in  the 
same  proportions  as  before,  until  one  thousand  cubic  centimeters  of  percolate  are 
obtained. 

Tincture  of  Cinchona,  when  assayed,  should  contain  in  one  hundred  cubic  centi- 
meters 0.75  Gm.  of  anhydrous  ether-soluble  alkaloids  of  Cinchona. 

15 
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For  Assay,  see  Chapter  LV. 

Remarks. — The  pharmacopoeial  recipe  is  given  in  full  because 
the  percolation  in  this  case  differs  from  that  in  making  tincture  of 
aconite,  since  the  same  menstruum  is  not  used  through  the  entire 
process.  That  is,  in  making  a  liter  of  tincture,  when,  after  the  liter 
of  glycerinic  menstruum  is  used  up  (for,  bear  in  mind,  more  than 
one  liter  of  menstruum  has  to  be  used  to  get  a  liter  of  percolate),  the 
percolation  is  continued  with  a  mixture  of  alcohol  and  water  (hydro- 
alcoholic  menstruum)  until  the  liter  of  finished  product  is  attained. 
Since  this  statement  is  applied  to  all  tinctures  made  by  percolation 
of  drug  with  glycerinic  menstruum,  the  above  recipe  is  typical. 

The  pharmacopcEial  assay  for  this  tincture  is  given  in  Chapter  LV. 
It  should  contain  -^^^  of  1  per  cent,  of  the  ether-soluble  cinchona 
alkaloids. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA  CINCHONA   COMPOSITA.     Compound  Tincture  of 

Cinchona. 

Recipe. — Moisten  100  Gm.  red  cinchona,  80  Gm.  bitter  orange  peel, 
and  20  Gm.  serpentaria,  all  ground  together  to  a  No.  60  powder,  with 
80  Cc.  of  the  same  menstruum  used  in  making  tincture  of  cinchona, 
and  proceed  to  percolate  to  1000  Cc,  as  in  making  the  latter  tincture. 

Remarks. — This  is  sometimes  called  Huxham's  tincture  of  bark, 
and  is  a  valuable  tonic.  It  should  not  be  dispensed  with  iron  prepara- 
tions, since  the  cinchotannic  acid  present  in  the  bark  reacts  with  iron 
to  form  an  inky  mixture. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA   CINNAMOMI.     Tincture  of  Cinnamon. 

Recipe. — Moisten  200  Gm.  of  the  drug  in  a  No.  50  powder  with  80 
Cc.  of  the  menstruum,  the  same  as  used  in  the  cinchona  tinctures; 
macerate  six  hours  before  and  twenty-four  hours  after  packing,  and 
proceed  to  make  1000  Cc.  tincture  by  percolation,  exactly  as  in  pre- 
paring tincture  of  cinchona. 

Dose. — 2  Cc.  (30  minims). 

TINCTURA  COLCHICI   SEMINIS.     Tincture  of  Colchicum  Seed. 

Recipe. — Moisten  100  Gm.  of  the  drug  in  a  No.  50  powder  with  40 
Cc.  of  the  menstruum — alcohox,  600  Cc;  water,  400  Cc;  macerate  six 
hours  before  and  forty-eight  hours  after  packing,  and  then  percolate 
to  1000  Cc.     Details  as  in  making  tincture  of  aconite. 

Remarks. — The  assay  of  this  tincture  will  be  found  in  Chapter  LV. 
It  should  contain  y^^  of  1  per  cent,  of  colchicine. 

Dose. — 2  Cc  (30  minims). 

TINCTURA   DIGITALIS.     Tincture  of  Digitalis. 

Recipe. — Moisten  100  Gm.  of  the  drug  in  a  No.  60  powder  with  40 
Cc  of  the  menstruum — diluted  alcohol  (U.  S.  P.) ;  macerate  six  hours 
before  and  twenty-four  hours  after  packing,  and  then  percolate  to 
1000  Cc.     Details  as  in  making  tincture  of  aconite. 
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Remarks. — The  tincture  of  digitalis  contains  an  appreciable 
amount  of  fat  naturally  existing  in  the  leaves,  and  of  late  years  efforts 
have  been  made  to  introduce  the  so-called  fat-free  tincture  of  digitalis. 
Such  a  tincture  is  prepared  by  first  removing  the  fat  from  the  drug 
by  percolation  with  chloroform.  (See  Proceedings  of  Amer.  Phar. 
Assoc,  1900,  p.  530.) 

Dose. — 1  Cc.  (15  minims). 

TINCTURA  FERRI   CHLORIDI.     Tincture  of  Ferric  Chloride. 

This  preparation  can  best  be  discussed  among  the  salts  of  iron. 
(See  p.  557.) 

TINCTURA   GALL^.     Tincture  of  NutgaU. 

Redpe. — NutgaU,  in  No.  40  powder,  two  hundred  grammes. .  . .     200  Gm. 

Glycerin,  one  hundred  cubic  centimeters 100  Cc. 

Alcohol,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .   1000  Cc. 

Mix  the  Glycerin  with  nine  hundred  cubic  centimeters  of  Alcohol.  Introduce 
the  NutgaU,  without  moistening  it,  into  a  glass  percolator,  shaking  down  the  powder 
evenly  and  compactly,  and  pour  on  sufficient  of  the  menstruum  to  saturate  it  and 
leave  a  stratum  above  it.  Allow  the  percolation  to  proceed  slowly,  pouring  on  the 
remainder  of  the  menstruum,  and  then  sufficient  Alcohol  to  obtain  one  thousand 
cubic  centimeters  of  Tincture. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA  GAMBIR  COMPOSITA.     Compound  Tincture  of  Gambir. 

Recipe. — Macerate  50  Gm.  gambir  and  25  Gm.  Saigon  cinnamon 
both  in  a  No.  50  powder  for  forty-eight  hours,  with  enough  diluted 
alcohol  to  make  1000  Cc.  tincture.  Details  as  in  making  tincture  of 
aloes. 

Remarks. — This  new  official  replaces  the  formerly  official  tincture 
of  catechu,  being  identical  with  it,  save  the  use  of  pale  catechu  (gambir), 
instead  of  the  catechu  from  the  plant  Acacia  catechu.     (See  p.  795.) 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA   GELSEMII.     Tincture  of  Gelsemium. 

Recipe. — Moisten  100  Gm.  of  the  drug  in  a  No.  60  powder  with 
35  Cc.  of  the  menstruum — alcohol,  650  Cc;  water,  350  Cc;  macerate 
six  hours  before  and  twenty-four  hours  after  packing;  then  percolate 
to  1000  Cc     Details  as  in  making  tincture  of  aconite. 

Dose. — 0.5  Cc.  (8  minims). 

TINCTURA   GENTIANiE     COMPOSITA.     Compound  Tincture  of 

Gentian. 

Recipe. — Moisten  100  Gm.  gentian;  40  Gm.  bitter  orange  peel,  and 
10  Gm.  cardamom,  ground  together  to  a  No.  40  powder,  with  60  Cc.  of 
the  menstruum — alcohol,  600  Cc;  water,  400  Cc;  macerate  twelve 
hours  before  and  twelve  hours  after  packing,  and  then  percolate  to 
1000  Cc.     Details  as  in  making  tincture  of  aconite. 

Dose. — 4  Cc.  (1  fluidrachm). 
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TINCTURA   GUAIACI.     Tincture  of  Guaiac. 

Recipe. — Macerate  200  Gm.  of  the  drug  in  a  No.  40  powder  for 
three  days  with  enough  alcohol  (U.  S.  P.)  to  make  1000  Cc.  of  the 
tincture.     Details  as  in  making  tincture  of  aloes. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA  GUAIACI   AMMONIATA.    Ammoniated  Tincture  of 

Guaiac. 

Recipe. — Macerate  200  Gm.  guaiac  in  a  No.  40  powder  for  three 
days  with  enough  aromatic  spirit  of  ammonia  to  make  1000  Cc.  of 
finished  tincture.     Details  as  in  making  tincture  of  aloes. 

Remarks. — The  pharmacopceial  recipes  for  these  two  tinctures  of 
guaiac  are  not  identical  with  that  for  tincture  of  aloes,  inasmuch 
as  no  mention  is  made  of  the  filtering  medium. 

Dose. — 2  Cc.  (30  minims). 

TINCTURA  HYDRASTIS.     Tincture  of  Hydrastis. 

Recipe. — Macerate  200  Gm.  of  the  drug  in  a  No.  60  powder  with  60 
Cc.  of  the  menstruum — 650  Cc.  alcohol;  350  Cc.  water;  macerate  six 
hours  before  and  twenty-four  hours  after  packing,  and  then  percolate 
to  1000  Cc.     Details  as  in  making  tincture  of  aconite. 

Remarks. — The  pharmacopceial  assay  of  this  tincture  will  be  given 
in  Chapter  LV.     It  should  contain  y^g  of  1  per  cent,  of  hydrastine. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA  HYOSCYAMI.     Tincture  of  Hyoscyamus. 

Recipe. — Moisten  100  Gm.  of  the  drug  in  a  No.  60  powder  with  40 
Cc.  of  the  menstruum — diluted  alcohol  (U.  S.  P.) ;  macerate  six  hours 
before  and  twenty-four  hours  after  packing,  then  percolate  to  1000  Cc. 
Details  as  in  making  tincture  of  aconite. 

Remarks. — The  pharmacopceial  assay  of  this  tincture  will  be  given 
in  Chapter  LV.  It  should  contain  y^itu  of  1  per  cent,  of  mydriatic 
alkaloids. 

Dose. — 2  Cc.  (30  mJnims). 

TINCTURA   lODI.     Tincture  of  Iodine. 

This  important  official  will  be  discussed  under  Iodine  (p.  397). 

TINCTURA   IPECACUANHiE   ET    OPII.     Tincture  of  Ipecac  and 

Opium. 

Recipe. — Tincture    of    Deodorized   Opium,   one  thoiisand 

cubic  centimeters 1000  Cc. 

Fluidextract  of  Ipecac,  one  hundred  cuMc  centi- 
meters      100  Cc. 

Diluted  Alcohol,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

Evaporate  the  Tincture  of  Deodorized  Opium,  in  a  tared  dish  on  a  water-bath, 
until  it  weighs  eight  hundred  grammes.  When  it  has  become  cold,  add  to  it  the 
Fluidextract  of  Ipecac,  filter  the  mixture,  and  pass  enough  Diluted  Alcohol  through 
the  filter  to  obtain  one  thousand  cubic  centimeters  of  Tincture. 
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Remarks. — This  official — sometimes  called  tincture  of  Dover^s 
powder — is  a  liquid  form  of  Dover's  powder,  containing,  like  it, 
10  per  cent,  ipecac  and  10  per  cent,  opium.  It  is  made  from  tincture 
of  deodorized  opium  and  fluidextract  of  ipecac. 

Dose. — 0.5  Cc.  (8  minims). 

TINCTURA   KINO.     Tincture  of  Kino. 

Recipe. — Kino,  -fifty  grammes SO  Gm. 

Purified  Talc,  ten  grammes 10  Gm. 

Glycerin,  one  hundred  and  fifty  cubic  centimeters. . .  ISO  Cc. 

Alcohol,  six  hundred  and  fifty  cubic  centimeters. . . .  6S0  Cc. 
Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .  1000  Co. 

Mix  the  Glycerin  with  two  hundred  cubic  centimeters  of  Water,  and  triturate  the 
Kino  and  Purified  Talc  with  sufficient  of  the  mixture  to  produce  a  thin,  smooth 
magma.  Transfer  this  magma  to  a  flask  by  the  aid  of  the  remainder  of  the  mixture, 
and,  having  ascertained  the  weight  of  the  flask  and  contents,  heat  it  on  a  water-bath 
for  about  one  hour;  allow  the  flask  and  contents  to  cool,  and  restore  the  original 
weight  by  the  addition  of  sufficient  Water.  Then  add  the  Alcohol,  mix,  and  pass 
the  Tincture  through  a  filter  of  purified  cotton,  keeping  the  funnel  well  covered. 
Finally,  add  sufficient  Alcohol  through  the  filter  to  obtain  one  thousand  cubic  centi- 
meters of  Tincture. 

Remarks. — The  tincture  of  kino  of  the  former  pharmacopoeias 
had  to  be  kept  in  small  well-stoppered  and  completely  filled  bottles; 
else  it  gelatinizes.  It  has  been  found  that  this  gelatinization  was 
due  to  an  enzyme,  which  can  be  destroyed  by  heat,  hence  the  direction 
in  the  present  recipe  to  heat  the  glycerinic  magma  on  a  water-bath 
for  an  hour.     So  prepared,  the  tincture  is  said  to  keep  indefinitely. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA   KRAMERI^.     Tincture  of  Krameria. 

Recipe. — Moisten  200  Gm.  of  the  drug  in  a  No.  40  powder  with  80 
Cc.  of  the  menstruum — diluted  alcohol;  macerate  six  hours  before  and 
twenty-four  hours  after  packing,  and  then  percolate  to  1000  Cc. 
Details  as  in  making  tincture  of  aconite. 

Remarks. — This  is  one  of  the  few  tinctures  of  tannin-bearing 
drugs  made  without  a  glycerinic  menstruum. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA  LACTUCARII.     Tincture  of  Lactucarium. 

Recipe. — Lactucarium,  five  hundred  grammes SOO  Gm. 

Glycerin,  two  hundred  and  fifty  cubic  centimeters. . .     250  Cc. 

Alcohol, 

Purified  Petroleum  Benzin, 

Diluted  Alcohol, 

Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

Beat  the  Lactucarium  in  an  iron  mortar,  with  clean  sand,  to  a  coarse  powder, 
and  introduce  it  into  a  bottle;  add  two  thousand  cubic  centimeters  of  Purified  Petro- 
leum Benzin,  cork  the  bottle  tightly,  and  set  it  aside  for  forty-eight  hours,  frequently 
agitating  the  mixture.  Pour  the  mixture  on  a  double  filter  and  allow  it  to  drain. 
Wash  the  residue  by  gradually  adding  fifteen  hundred  cubic  centimeters  of  Purified 
Petroleum  Benzin,  and  allow  the  Lactucarium  to  dry  by  exposing  it  to  a  current  of 
air.     When  it  is  dry  and  free  from  the  odor  of  Benzin,  reduce  it  to  powder,  using 
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more  sand,  if  necessary,  and  pack  it  moderately  in  a  conical  percolator.  Mix  the 
Glycerin  with  two  hundred  cubic  centimeters  of  Water  and  five  hundred  cubic  centi- 
meters of  Alcohol,  and  moisten  the  powder  with  five  hundred  cubic  centimeters  of  the 
mixture.  When  the  liquid  begins  to  drop  from  the  percolator,  close  the  lower 
orifice,  and,  having  closely  covered  the  percolator,  macerate  for  twenty-four  hours. 
Then  allow  the  percolation  to  proceed  very  slowly,  gradually  adding,  first  the  remain- 
der of  the  menstruum,  and  then  Diluted  Alcohol,  until  the  Lactucarium  is  exhausted. 
Reserve  the  first  seven  hundred  and  fifty  cubic  centimeters  of  the  percolate,  evaporate 
the  remainder  on  a  water-bath,  at  a  temperature  not  exceeding  70°  C.  (158°  F.), 
to  two  hundred  and  fifty  cubic  centimeters,  and  mix  this  with  the  reserved  portion. 
Filter,  and  add  enough  Diluted  Alcohol  through  the  filter  to  obtain  one  thousand 
cubic  centimeters  of  Tincture. 

Remarks. — Tincture  of  lactucarium  is  interesting  in  that  the 
lactucarium  is  first  washed  with  benzin  to  remove  the  rubber-like, 
inert  substance  it  contains.  Be  sure  that  the  benzin  used  is  of 
pharmacopoeial  purity,  as  most  of  the  commercial  benzin  is  very 
impure.     (See  p.  637.) 

Note  that  the  drug  is  not  easily  exhausted  with  the  menstruum 
employed,  and  that  in  making  1000  Cc,  the  first  750  Cc.  of  percolate 
is  reserved  and  the  rest  of  the  percolate  evaporated,  similar  to  making 
fiuidextracts. 

Dose. — 2  Cc.  (30  minims). 

TINCTURA  LAVANDULA    COMPOSITA.     Compound  Tincture  of 

Lavender. 

Recipe. — Oil  of  Lavender  Flowers,  eight  cubic  centimeters ...  8  Cc. 

Oil  of  Rosemary,  two  cubic  centimeters 2  Cc. 

Saigon  Cinnamon,  twenty  grammes 20  Gm. 

Cloves,  five  grammes 5  Gm. 

Myristica,  ten  grammes 10  Gm. 

Red  Saunders,  ten  grammes 10  Gm. 

Alcohol, 

Water,  each,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters. .  1000  Cc. 

Reduce  the  Saigon  Cinnamon,  Cloves,  Myristica,  and  Red  Saunders  to  a  No.  50 
powder,  and  macerate  this  powder  for  three  days  in  a  mixture  of  seven  hundred  and 
fifty  cubic  centimeters  of  Alcohol  and  two  hundred  and  fifty  cubic  centimeters  of  Water, 
in  which  liquid  the  Oils  have  been  dissolved.  Then  filter,  and,  when  the  liquid  has 
drained  off  completely,  pass  enough  of  a  mixture  of  Alcohol  and  Water,  made  in 
the  same  proportions  as  before,  through  the  residue  on  the  filter  to  make  one  thousand 
cubic  centimeters  of  Tincture. 

Remarks. — This  tincture  is  sometimes  called  "red  lavender," 
because  of  its  brilliant  color,  due  to  the  red  saunders  it  contains.  It 
is  reputed  good  in  "heart  trouble,"  although,  in  truth,  its  only  value 
is  to  relieve  flatulence. 

Dose. — 2  Cc.  (30  minims). 

TINCTURA  LIMONIS  CORTICIS.     Tincture  of  Lemon  PeeL 

Recipe. — This  is  a  50  per  cent,  alcoholic  extract  of  fresh  lemon  peel, 
made  exactly  as  tincture  of  sweet  orange  peel. 

Remarks. — Tincture  of  lemon  peel  is  a  new  official,  replacing  spirit 
of  lemon  of  the  pharmacopoeia  of  1890.  It  is  used  entirely  as  a  flavor, 
hence  no  dose  is  given. 
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TINCTURA   LOBELIA.     Tincture  of  Lobelia. 

Recipe, — Moisten  100  Gm.  of  the  drug  in  a  No.  50  powder  with  40 
Cc.  of  the  menstruum — diluted  alcohol  (U.  S.  P.) ;  macerate  six  hours 
before  and  twenty-four  hours  after  packing,  and  then  percolate  to 
1000  Cc.     Details  as  in  making  tincture  of  aconite. 

Dose. — Expectorant,  1  Cc.  (15  minims);  emetic,  4  Cc.  (1  fluid- 
drachm). 

TINCTURA   MOSCHI.     Tincture  of   Musk. 

Recipe. — Musk,  five  grammes 5  Gm. 

Alcohol,  forty-five  cubic  centimeters 45  Cc. 

Water,  forty-five  cubic  centimeters 45  Cc. 

Diluted  Alcohol,  a  sufficient  quantity, 

To  make  one  hundred  cubic  centim,eters . .  100  Cc. 

Triturate  the  Musk  with  the  Water,  a  little  at  a  time,  until  a  smooth  mixture 
is  obtained;  transfer  this  mixture  to  a  bottle  and  allow  it  to  stand  twenty-four  hours; 
add  the  Alcohol  and  macerate  the  mixture  for  six  days,  occasionally  shaking  it. 
Then  filter  through  a  plain  paper  filter,  and,  when  the  liquid  has  dramed  off  com- 
pletely, pass  enough  Diluted  Alcohol  through  the  filter  to  make  one  hundred  cubic 
centimeters  of  Tincture. 

Remarks. — As  seen  in  the  recipe  given  above,  this  tincture  is  made 
by  rubbing  musk  with  water,  adding  alcohol,  filtering,  and  washing 
residue  with  diluted  alcohol. 

It  contains  5  per  cent,  of  musk  and  should  be  prepared  with  the 
utmost  care,  for  when  it  is  required,  a  fine  quality  is  absolutely 
essential,  it  being  used  chiefly  as  a  stimulant  in  extreme  cases  of 
pneumonia. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA   MYRRHiE.     Tincture  of  Myrrh. 

Recipe. — Macerate  200  Gm.  of  the  drug  in  a  moderately  coarse 
powder  for  three  days  with  enough  menstruum — alcohol  (U.  S.  P.) — 
to  make  1000  Cc.     Details  as  in  making  tincture  of  aloes. 

Remarks. — Myrrh  (see  p.  857)  contains  a  larger  percentage  of 
gummy  matter  than  asafetida,  and  this  gum,  which  does  not  dis- 
solve in  the  strong  alcoholic  menstruum  and  which  is  left  on  the 
filter,  after  making  the  tincture,  has  been  suggested  as  a  source  of 
label  mucilage. 

The  tincture  is  used  considerably  in  mouth-washes  and  is  not 
often  given  internally. 

Dose. — 1  Cc.  (15  minims). 

TINCTURA  NUCIS    VOMICiE.     Tincture  of  Nux  Vomica. 

Recipe. — Extract  of  Nux  Vomica  (containing  5  per  cent,  of 

strychnine),  twenty  grammes 20  Gm. 

Alcohol, 

Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .   1000  Cc. 

Dissolve  the  Extract  of  Nux  Vomica  in  a  sufficient  quantity  of  a  mixture  of 
Alcohol  and  Water,  made  in  the  proportion  of  seven  hundred  and  fifty  cubic  centi- 
meters of  Alcohol  and  two  hundred  arid  fifty  cubic  centimeters  of  water,  to  make  the 
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solution  measure  one  thousand  cubic  centimeters,  and  filter  through  a  well-covered 
filter. 

Tincture  of  Nux  Vomica,  when  assayed,  should  contain  in  one  hundred  cubic 
centimeters  0.1  Gm.  of  strychnine. 

For  Assay,  see  Chapter  LV. 

Remarks. — This  important  tincture  is  made  by  dissolving  the 
extract  in  alcoholic  menstruum,  the  finished  product  containing 
2  per  cent,  of  the  extract. 

In  preparing  this  tincture,  great  care  should  be  taken  to  use  the 
U.  S.  P.  powdered  extract  instead  of  the  soft  extract  (of  the  older 
pharmacopoeias)  often  furnished  by  manufacturers.  This  soft  extract 
still  contains  the  fat  naturally  existing  in  the  nux  vomica,  while  the 
extract  of  the  present  pharmacopoeia,  being  made  by  percolation  of 
the  drug  with  water  and  acetic  acid,  contains  no  fat.  The  official 
extract  makes  a  clear  solution  with  the  menstruum  directed,  while 
the  soft  extract  will  make  a  milky  mixture.  Note  that  the  tincture 
of  nux  vomica  is  directed  to  be  assayed  for  its  strength  in  the  alkaloid 
strychnine  (seep.  1036),  the  amount  of  strychnine  it  should  contain 
being  iV  of  1  P^r  cent.  This  follows  from  the  fact  that  it  is  to  contain 
2  per  cent,  of  an  extract,  which,  in  turn,  must  contain  5  per  cent, 
strychnine:   0.02  times  0.05  equals  0.001  or  -^^  of  1  per  cent. 

Dose. — 0.6  Cc.  (10  minims). 

TINCTURA  OPII.    Tincture  of  Opium. 

Recipe. — Granulated  Opium  (containing  12  to  12.5  per  cent. 

of  crystallizable  moTT^laue),  one  hundred  grammes.     100  Gm. 
Alcohol, 
Water, 
Diluted  Alcohol,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

Heat  four  hundred  cubic  centimeters  of  water  to  boiling,  and  pour  it  on  the 
Granulated  Opium  contained  in  a  tared  vessel,  weigh,  and  stir  occasionally  during 
twelve  hours;  then  restore  the  original  weight  by  the  addition  of  cold  Water,  add 
four  hundred  cubic  centimeters  of  Alcohol,  pour  the  mixture  into  a  bottle,  and  continue 
the  maceration  for  forty-eight  hours,  occasionally  shaking.  Transfer  the  mixture 
to  a  percolator,  return  the  first  portion  of  the  percolate  until  it  runs  through  clear, 
and,  when  the  liquid  ceases  to  drop,  continue  the  percolation  slowly,  pouring  on 
sufficient  Diluted  Alcohol  until  one  thousand  cubic  centimeters  are  obtained. 

Tincture  of  Opium,  when  assayed  by  the  process  given  below,  should  contain 
in  one  hundred  cubic  centimeters  not  less  than  1.2  nor  more  than  1.25  Gm.  of  crystal- 
lizable morphine. 

Remarks. — Note  that  this  tincture — called  laudanum,  tinctura 
thehaica,  etc. — is  directed  to  be  made  from  granulated  opium,  not 
from  the  gum,  as  some  druggists  prepare  it. 

The  use  of  granulated  opium  makes  the  present  official  recipe  a 
great  improvement  over  that  of  the  pharmacopoeia  of  1890,  which 
directed  powdered  opium.  This  made  percolation  very  difficult, 
the  finely  powdered  opium  having  a  tendency  to  clog  the  cotton  plug, 
stopping  percolation.  The  morphine  assay  of  this  tincture  is  given 
in  Chapter  LV,  the  pharmacopoeia  directing  that  it  contain  not  less 
than  1.2  per  cent,  nor  more  than  1.25  per  cent,  morphine. 

Dose. — 0.5  Cc.  (8  minims). 
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TINCTURA   OPII   CAMPHORATA.     Camphorated  Tincture  of 

Opium. 

Recipe. — Powdered  Opium,  four  grammes 4  Gm. 

Benzoic  Acid,  four  grammes 4  Gm. 

Camphor,  four  grammes 4  Gm. 

Oil  of  Anise,  four  cubic  centimeters 4  Cc. 

Glycerin,  forty  cubic  centimeters 40  Cc. 

Diluted  Alcohol,  nine  hundred  and  fifty  cubic  centi- 
meters    950  Cc. 

To  make  one  thousand  cubic  centimeters.  .  1000  Cc. 

Place  all  the  ingredients  in  a  stoppered  container  and  macerate  for  three  days 
with  frequent  agitation;  then  filter  the  mixture  through  a  well-covered  paper  filter, 
adding  sufiicient  Diluted  Alcohol  through  the  filter  to  make  one  thousand  cubic 
centimeters  of  Tincture. 

RemarJcs. — This  popular  official  is  commonly  called  paregoric, 
the  latter  word  meaning  "soothing,"  the  tincture  being  originally 
called  "elixir  paragoricus, "  soothing  elixir.  Note  that  it  contains 
^  of  1  per  cent,  of  opium. 

Dose. — 8  Cc.  (2  fluidrachms). 

TINCTURA  OPII  DEODORATI.     Tincture  of  Deodorized  Opium. 

Recipe. — Granulated  Opium  (containing  12  to  12.5  per  cent. 

of  crystallizable  morphine),  one  hundred  grammes .  100  Gm. 
Purified    Petrolexun    Benzin,    seventy-five    cubic 

centimeters 75  Cc. 

Alcohol,  two  hundred  cubic  centimeters 200  Cc. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters.  .  1000  Cc. 

Heat  five  hundred  cubic  centimeters  of  Water  to  boiling,  and  pour  it  on  the  Granu- 
lated Opium  contained  in  a  suitable  vessel,  stirring  the  mixture  frequently  during 
twenty-four  hours.  Then  transfer  the  mixture  to  a  percolator,  return  the  first  portion 
of  the  percolate  until  it  runs  through  clear,  and,  when  the  liquid  ceases  to  drop,  con- 
tinue the  percolation  with  Water  until  the  Opium  is  exhausted.  Concentrate  the  per- 
colate by  evaporation  on  a  water-bath  until  it  measures  one  hundred  and  fifty  cubic 
centimeters,  and,  when  cooled,  shake  it  frequently  and  vigorously  for  ten  minutes 
with  sixty-five  cubic  centimeters  of  the  Purified  Benzin.  Separate  the  Benzin,  repeat 
the  shaking  out  for  a  few  minutes  with  the  remainder  of  the  Benzin,  and,  having 
carefully  and  completely  separated  this  second  portion  of  Benzin,  evaporate  the 
remaining  liquid  in  a  warm  place  spontaneously  until  the  odor  of  Benzm  has  dis- 
appeared, removing  the  last  traces  by  the  heat  of  a  water-bath.  Mix  the  deodorized 
liquid  so  obtained  with  six  hundred  cubic  centimeters  of  Water,  filter  the  mixture 
through  a  paper  filter,  and,  having  mixed  the  Alcohol  with  the  filtrate,  wash  the 
filter  with  sufficient  Water  to  make  one  thousand  cubic  centimeters  of  Tincture. 

Remarks. — This  tincture  represents  an  evaporated  aqueous  per- 
colate of  opium,  deprived  of  its  odor  and  of  its  noxious  narcotic 
principle — narcotine — by  shaking  with  benzin,  diluted  with  water, 
and  then  mixed  with  enough  alcohol  (200  Cc.  to  1000  Cc.  of  finished 
tincture)  to  preserve  it.  The  finished  product  must  represent  10  per 
cent,  of  official  opium  and  1.2  per  cent,  to  1.25  per  cent,  morphine. 
The  pharmacopoeial  assay  will  be  found  in  Chapter  LV. 

This  product  was  originally  introduced  as  a  proprietary,  and 
because  freed  from  narcotine,  was  called  denarcotized  tincture  of  opium. 
It  is  supposed  to  have  less  unpleasant  after-effects  than  has  laudanum. 

In  passing,  attention  might  be  called  to  the  fact  that  all  official 
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liquid  preparations  of  opium,  except  paregoric,  represent  10  per  cent, 
of  the  official  granulated  drug,  or  1.2  to  1.25  per  cent,  morphine. 
Dose. — 0.5  Cc.  (8  minims). 

TINCTURA   PHYSOSTIGMATIS.     Tincture  of  Physostigma. 

Recipe. — Moisten  100  Gm.  of  the  drug  in  a  No.  50  powder  with  40 
Cc.  of  the  menstruum — alcohol  (U.  S.  P.);  macerate  six  hours  before 
and  twenty-four  hours  after  packing,  and  then  percolate  to  1000  Cc. 
Details  as  in  making  tincture  of  aconite. 

Remarks. — The  pharmacopoeial  assay  of  this  tincture  will  be  found 
in  Chapter  LV.  It  should  contain  yj^  of  1  per  cent,  of  the  ether- 
soluble  alkaloids  of  physostigma. 

Dose. — 1  Cc.  (15  minims). 

TINCTURA  PYRETHRI.     Tincture  of  Pyrethrum. 

Recipe. — Moisten  200  Gm.  of  the  drug  in  a  No.  50  powder  with  80 
Cc.  of  the  menstruum — alcohol  (U.  S.  P.) ;  macerate  six  hours  before 
and  twenty-four  hours  after  packing,  and  percolate  to  1000  Cc.  Details 
as  in  making  tincture  of  aconite.  Since  used  almost  entirely  exter- 
nally, no  dose  is  given  by  the  pharmacopoeia. 

TINCTURA   QUASSIA.     Tincture  of  Quassia. 

Recipe. — Moisten  200  Gm.  of  the  drug  in  a  No.  50  powder  with  60 
Cc.  of  the  menstruum — alcohol,  350  Cc;  water,  650  Cc;  macerate 
six  hours  before  and  twenty-four  hours  after  packing,  and  percolate 
to  1000  Cc.     Details  as  in  making  tincture  of  aconite. 

Remarks. — The  recipe  is  interesting  because  of  the  small  amount 
of  alcohol  used  in  the  menstruum. 

Dose. — 2  Cc.  (30  minims). 

TINCTURA   QUILLAJiE.     Tincture  of  Quillaja. 

Recipe. — Quillaja,  in  No.  20  powder,  two  hundred  grammes .  . .  200  Gm. 

Alcohol,  three  hundred  and  fifty  cubic  centimeters .  .  .  350  Cc. 
Water,  o  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .  1000  Cc. 

Boil  the  Quillaja  in  a  covered  vessel  with  eight  hundred  cubic  centimeters  of  Water 
for  fifteen  minutes,  strain  while  hot,  and  wash  the  residue  on  the  strainer  with  two 
hundred  cvMc  centimeters  of  Water,  previously  heated  to  boiling.  Then  evaporate 
the  strained  liquid  to  six  hundred  cubic  centimeters,  allow  it  to  cool,  add  the  Alcohol, 
and  set  it  aside  for  twelve  hours.  Decant  the  clear  liquid,  filter  it  through  paper, 
then  pour  the  residue  on  the  filter,  and,  when  the  liquid  ceases  to  drop,  wash  the 
filter  with  sufiicient  Water  to  make  one  thousand  cubic  centimeters  of  Tincture. 

Remarks. — This  is  an  aqueous  decoction  of  soap  bark  with  enough 
alcohol  (350  Cc.  to  the  1000)  added  to  preserve  it.  The  preparation 
is  used  as  an  emulsifying  agent  (see  Emulsions,  Chapter  LV.),  but  it 
should  never  be  used  for  that  purpose  except  under  direct  orders  of 
a  physician,  since  the  saponin  of  the  bark  is  distinctly  poisonous. 
It  is  used  as  a  "gum  foam"  at  the  soda  fountain,  and  this  use  is  less 
objectionable  than  as  an  emulsifying  agent,  since  the  amount  admin- 
istered with  each  glass  of  soda-water  is  infinitesimal.     The  best  gum 
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foam  is  made  by  percolating  200  Gm.  powdered  soap  bark  with  a 
menstruum  composed  of  750  Cc.  water  and  250  Cc.  glycerin  until 
1000  Cc.  of  percolate  are  obtained. 

TINCTURA   RHEI.     Tincture  of  Rhubarb. 

Recipe. — Moisten  200  Gm.  rhubarb  and  40  Gm.  cardamom,  ground 
together  to  a  No.  40  powder,  with  90  Cc.  of  the  menstruum — alcohol, 
500  Cc;  water,  400  Cc;  glycerin,  100  Cc;  macerate  twelve  hours 
before  and  twenty-four  hours  after  packing,  and  then  percolate  to 
1000  Cc,  using  as  menstruum  at  the  end,  alcohol,  500  Cc;  water,  400 
Cc.     Details  as  in  making  tincture  of  cinchona. 

Remarks. — Note  that  this  tincture  contains  cardamom  besides 
rhubarb;  one  of  the  few  cases  where  a  preparation  containing  more 
than  one  drug  is  not  pharmacopceially  termed  ** compound." 

Dose. — 4  Cc  (1  fluidrachm). 

TINCTURA  RHEI   AROMATICA.     Aromatic  Tincture  of  Rhubarb. 

Recipe. — Moisten  200  Gm.  rhubarb,  40  Gm.  Saigon  cinnamon, 
40  Gm.  cloves,  and  20  Gm.  nutmeg,  ground  together  to  a  No.  40 
powder,  with  90  Cc  of  the  menstruum — alcohol,  500  Cc;  water,  400 
Cc;  glycerin,  100  Cc;  macerate  twelve  hours  before  and  twenty-four 
hours  after  packing,  and  then  percolate  to  1000  Cc,  using  as  men- 
struum at  the  end,  alcohol,  500  Cc. ;  water,  400  Cc.  Details  as  in  mak- 
ing tincture  of  cinchona. 

Remarks. — Note  the  aromatic  constituents  of  this  tincture,  which 
is  rarely  prescribed,  and  which  is  official  chiefly  because  used  in 
making  the  official  aromatic  syrup  of  rhubarb  (p.  198). 

Dose. — 2  Cc.  (30  minims). 

TINCTURA   RHEI   DULCIS.     Sweet  Tincture  of  Rhubarb. 

This  former  official  is  made  by  percolating  a  mixture  of  rhubarb, 
100  Gm.,  glycyrrhiza,  40  Gm.,  anise,  40  Gm.,  and  cardamom,  10  Gm., 
with  the  menstruum — glycerin,  100  Cc;  alcohol,  500  Cc;  water, 
400  Cc — until  1000  Cc.  of  tincture  are  obtained.  Details  as  in  making 
tincture  of  rhubarb. 

TINCTURA   SANGUINARI^.     Tincture  of  Sanguinaria. 

Recipe. — Sanguinaria,    in    No.    60    powder,    one    hundred 

grammes 100  Gm. 

Acetic  Acid,  twenty  cubic  centimeters 20  Cc. 

Alcohol, 

Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .   1000  Cc. 

Mix  six  hundred  cubic  centimeters  of  Alcohol  with  four  hundred  cubic  centimeters 
of  Water.  Moisten  the  Sanguinaria  with  the  Acetic  Acid  and  thirty  cubic  centimeters 
of  this  menstruum,  transfer  it  to  a  percolator,  and,  without  pressing  the  powder, 
allow  it  to  stand,  well  covered,  for  six  hours;  then  pack  it  firmly  and  pour  on  enough 
menstruum  to  saturate  the  powder  and  leave  a  stratum  above  it.  When  the  liqmd 
begins  to  drop  from  the  percolator,  close  the  lower  orifice,  and,  having  closely  covered 
the  percolator,  macerate  for  twenty-four  hours.  Then  allow  the  percolation  to 
proceed  slowly,  pouring  on  sufficient  menstruum  to  obtain  one  thousand  cubic  centi- 
meters of  Tincture. 
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Remarks. — This  is  the  only  oflEicial  tincture  extracted  with  men- 
struum containing  acetic  acid,  and  it  is  worth  noting  that  1000  Cc. 
of  finished  tincture  contains  but  20  Cc.  of  the  acid,  and  that  all  this 
is  mixed  with  the  menstruum  used  in  moistening  the  drug;  that  all 
the  menstruum  used  in  percolation  is  hydro-alcoholic. 

Dose. — 1  Cc.  (15  minims). 

TINCTURA   SCILLJE.     Tincture  of  Squill. 

Recipe. — Squill,  in  No.  20  powder,  one  hundred  grammes. .  . .     100  Gm. 
Alcohol, 
Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .    1000  Cc. 

Mix  seven  hundred  and  fifty  cubic  centimeters  of  Alcohol  with  two  hundred  and 
fifty  cubic  centimeters  of  Water.  Macerate  the  Squill  with  six  hundred  cubic  centi- 
meters of  the  menstruum,  in  a  closed  vessel,  in  a  moderately  warm  place  for  three 
days,  occasionally  stirring,  and  express  strongly.  Repeat  this  operation  with 
three  hundred  cubic  centimeters  of  menstruum,  macerating  one  day  before  expression; 
and,  finally,  macerate  the  residue  for  six  hours  in  sufficient  menstruum  to  make 
the  united  expressed  liquids  measure  about  one  thousand  cubic  centimeters.  Express 
as  before,  mix  the  expressed  liquids,  filter  through  paper,  and  pass  sufficient  men- 
struum through  the  filter  to  make  one  thousand  cubic  centimeters  of  Tincture. 

Remarks. — It  will  be  seen  from  the  above  recipe  that  this  tincture 
is  made  by  maceration  and  expression  similar  to  the  recipe  for  tincture 
of  arnica.  Since  the  two  processes  differ  in  some  details,  the  phar- 
macopceial  recipe  for  each  is  reproduced  in  full. 

Dose. — 1  Cc.  (15  minims). 

TINCTURA   SERPENTARI^.     Tincture  of  Serpentaria. 

Recipe. — Moisten  200  Gm.  of  the  drug  in  a  No.  50  powder  with  60 
Cc.  of  the  menstruum — alcohol,  650  Cc;  water,  350  Cc;  macerate 
six  hours  before  and  twenty-four  hours  after  packing,  and  then  perco- 
late to  1000  Cc.     Details  as  in  making  tincture  of  aconite. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA   STRAMONII.     Tincture  of  Stramonium. 

Recipe. — Moisten  100  Gm,  of  the  drug  in  a  No.  60  powder  with  40 
Cc.  of  the  menstruum — diluted  alcohol  (U.  S.  P.);  macerate  three 
hours  before  and  twenty-four  hours  after  packing,  and  then  percolate 
to  1000  Cc.     Details  as  in  making  tincture  of  aconite. 

Remarks. — The  pharmacopoeial  assay  of  this  tincture  will  be  found 
in  Chapter  LV.  It  should  contain  j§^  of  1  per  cent,  of  mydriatic 
alkaloids. 

Dose. — 0.5  Cc.  (8  minims). 

TINCTURA  STROPHANTHI.     Tincture  of  Strophanthus. 

Recipe. — Moisten  100  Gm.  of  the  drug  in  a  No.  60  powder  with  50 
Cc.  of  the  menstruum — alcohol,  650  Cc;  water,  350  Cc;  macerate  six 
hours  before  and  forty-eight  hours  after  packing,  and  then  percolate 
to  1000  Cc.     Details  as  in  tincture  of  aconite. 
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Remarks. — The  strength  of  this  tincture  was  increased  in  the  last 
revision  from  5  to  10  per  cent. 
Dose. — 0.5  Cc.  (8  minims). 

TINCTURA   TOLUTANA.     Tincture  of  Tolu. 

Recipe. — Balsam  of  Tolu,  two  hundred  grammes 200  Gm. 

Alcohol,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

Macerate  the  Balsam  of  Tolu  in  nine  hundred  cubic  centimeters  of  Alcohol,  shaking 
frequently  until  dissolved;  then  filter  through  paper,  and  wash  the  filter  with  suffi- 
cient Alcohol  to  make  one  thousand  cubic  centimeters  of  Tincture. 

Remarks. — Unlike  benzoin  and  other  resinous  drugs  from  which 
tinctures  are  prepared,  tolu  is  practically  completely  soluble  in  alcohol; 
hence  we  can  consider  the  above  process  as  one  of  solution  and  not  of 
maceration.  The  tincture  is  used  in  making  the  official  Syrup  of 
Tolu  (p.  202). 

Dose. — 2  Cc.  (30  minims). 

TINCTURA   VALERIANiE.     Tincture  of  Valerian. 

Recipe. — Moisten  200  Gm.  of  the  drug  in  a  No.  60  powder  with  60 
Cc.  of  the  menstruum — alcohol,  750  Cc;  water,  250  Cc;  macerate  six 
hours  before  and  twenty-four  hours  after  packing,  and  then  percolate 
to  1000  Cc.     Details  as  in  making  tincture  of  aconite. 

Dose. — 4  Cc.  (1  fluidrachm). 

TINCTURA    VALERIANA   AMMONIATA.     Ammoniated  Tincture 

of    Valerian. 

Recipe. — Identical  with  that  for  tincture  of  valerian,  save  in  the 
menstruum,  aromatic  spirit  of  ammonia  being  employed. 

Remarks. — Note  that  this  is  one  of  the  two  official  tinctures  made 
with  aromatic  spirit  of  ammonia  as  the  menstruum,  the  other  being 
ammoniated  tincture  of  guaiac. 

Dose. — 2  Cc.  (30  minims). 

TINCTURA    VANILLiE.     Tincture  of  Vanilla. 

Recipe. — Vanilla,   cut  into  small  pieces  and  bruised,  one 

hundred  grammes 100  Gm. 

Sugar,  in  coarse  powder,  two  hundred  grammes 200  Gm. 

Alcohol, 

Water,  each,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters . .   1000  Cc. 

Mix  six  hundred  and  fifty  cubic  centimeters  of  Alcohol  with  three  hundred  and 
fifty  cubic  centimeters  of  Water.  Macerate  the  Vanilla  in  five  hundred  cubic  centi- 
meters of  the  mixture  for  twelve  hours;  then  drain  off  the  liquid  and  set  it  aside. 
Transfer  the  Vanilla  to  a  mortar,  beat  it  with  the  Sugar  into  a  uniform  powder, 
then  pack  it  in  a  percolator  and  pour  upon  it  the  reserved  liquid.  When  this  has 
disappeared  from  the  surface,  continue  the  percolation  by  gradually  pouring  on 
sufficient  menstruum  to  make  one  thousand  cubic  centimeters  of  Tincture. 

Remarks. — This — the  only  official  tincture  containing  sugar—is 
made  by  beating  up  macerated  vanilla-beans  with  sugar,  packing. 
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and  then  percolating.  This  tincture  of  vanilla  represents  a  fine 
grade  of  the  flavoring  essence  of  vanilla.  What  is  commonly  sold 
under  this  name,  however,  is  a  concoction  of  various  inferior  flavors, 
such  as  coumarin  and  possibly  some  vanillin.  Another  point  in  con- 
nection with  the  manufacture  of  the  tincture  of  vanilla  is  that,  in 
order  to  secure  a  really  fine  tincture  of  vanilla,  it  is  essential  to  use  a 
good  quality  of  vanilla-bean.  The  inferior  Tahiti  beans  can  never 
yield  anything  but  a  poor  product. 

TINCTURA    VERATRI.     Tincture  of  Veratrum. 

Recipe. — Moisten  100  Gm.  of  the  drug  in  a  No.  60  powder  with  40 
Cc.  of  the  menstruum — alcohol  (U.  S.  P.) ;  macerate  six  hours  before 
and  twenty-four  hours  after  packing,  and  then  percolate  to  1000  Cc. 
Details  as  in  making  tincture  of  aconite. 

Remarks. — This  tincture  differs  radically  from  the  tincture  of 
veratrum  viride  of  the  pharmacopoeia  of  1890.  The  present  official 
tincture  can  be  made  from  either  white  or  green  hellebore,  and  is  a 
10  per  cent,  preparation,  while  the  tincture  of  1890  was  40  per  cent, 
and  made  from  green  hellebore  only.  The  latter  closely  simulated 
Norwood's  tincture  of  veratrum,  formerly  largely  prescribed. 

Dose. — 1  Cc.  (15  minims). 

TINCTURA   ZINGIBERIS.     Tincture  of  Ginger. 

Recipe. — Moisten  200  Gm.  of  the  drug  in  a  No.  50  powder  with  60 
Cc.  of  the  menstruum — alcohol  (U.  S.  P.) ;  macerate  six  hours  before 
and  twenty-four  hours  after  packing,  and  then  percolate  to  1000  Cc. 
Details  as  in  making  tincture  of  aconite. 

Remarks. — This  is  the  well-known  essence  of  ginger.  It  represents 
20  per  cent,  of  the  drug,  and  is  made  with  strong  alcohol.  When 
mixed  with  water,  it  forms  a  milky  mixture,  due  to  the  separation  of 
the  resin.  The  so-called  water-soluble  ginger  is  the  tincture  rubbed 
with  magnesium  carbonate  and  enough  water  to  precipitate  much 
of  the  resin. 

Dose. — 2  Cc.  (30  minims). 

TINCTURE   HERBARUM   RECENTIUM.     Tinctures  of  Fresh 

Herbs. 

Tinctures  of  Fresh  Herbs,  when  not  otherwise  directed,  are  to  be  prepared 
according  to  the  following  formula: 

Recipe. — The   Fresh   Herb,   cut,   bruised,   or  crushed,  five 

hundred  grammes 500  Gm. 

Alcohol,  one  thousand  cubic  centimeters 1000  Cc. 

Macerate  the  Herb  with  the  Alcohol  in  a  closed  vessel  in  a  moderately  warm 
place  during  fourteen  days,  with  occasional  stirring;  then  strongly  express  the  liquid 
and  filter  it  through  paper. 

Tinctures  of  fresh  herbs  are  a  line  of  preparations  made  from 
freshly  gathered  plants,  resembling  the  juices  (Succi)  of  the  British 
Pharmacopoeia.  They  represent  50  per  cent,  of  the  fresh  herb, 
1000  Cc.  being  made  from  500  Gm.  of  herb.  They  are  rarely  used 
in  this  country. 
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The  Doses  of  Official  Tinctures 

0.1  Cc.  (i  minim) Tincture  of  iodine. 

0.3  Cc.  (5  minims) Tincture  of  cantharides. 

0.5  Cc.  (8  minims) Tinctures    of    belladonna    leaves,    capsicum, 

ferric  chloride,  gelsemium,  ipecac  and 
opium,  opium,  deodorized  opium,  stramo- 
nium, and  strophanthus. 

0.6  Cc.  (10  minims) Tinctures  of   aconite,    Indian   cannabis,   and 

nux  vomica. 

1.0  Cc.  (15  minims) Tinctures  of  arnica,  asafetida,  benzoin,  digi- 
talis, lobelia,  myrrh,  physostigma,  san- 
guinaria,  squill,  and  veratrum. 

2.0  Cc.  (30  minims) Tinctures  of  aloes,  aloes  and  myrrh,  benzoin 

compound,  cinnamon,  colchicum  seed, 
ginger,  guaiac  ammoniated,  hyoscyamus, 
lactucarium,  lavender  compound,  quassia, 
rhubarb  aromatic,  tolu,  and  valerian 
ammoniated. 

4.0  Cc.  (1  fluidrachm) Tinctures  of  bitter  orange,  calumba,  carda- 
mom compound,  cimicifuga,  cinchona, 
cinchona    compound,    gambir    compound, 

fentian  compound,  guaiac,  hydrastis,  kino, 
rameria,  musk,  nutgall,  rhubarb,  serpen- 
taria,  sweet  orange,  and  valerian. 
8.0  Cc.  (2  fluidrachms) Tincture  of  opium,  camphorated. 


CHAPTER   XV 

FLUIDEXTRACTS,  WINES,  OLEORESINS,  AND  VINEGARS 

FLUIDEXTRACTS 

Fluidextracts  are  alcoholic  liquid  preparations  made  by  percola- 
tion, representing  in  each  cubic  centimeter  the  activity  of  one  gramme 
of  drug;  in  other  words,  they  are  100  per  cent,  tinctures. 

The  fluidextracts  of  the  present  pharmacopoeia,  of  the  strength 
of  one  gramme  to  the  cubic  centimeter,  are  5  per  cent,  weaker  than 
those  directed  by  the  pharmacopoeia  of  1870,  which  represented  a 
troy  ounce  of  drug  to  the  fluidounce.  The  difference  in  these 
strengths  is  apparent  when  we  appreciate  the  fact  that  while  the 
gramme  of  water  is  always  of  the  same  weight  as  the  cubic  centimeter, 
the  troy  ounce  of  water  will  weigh  480  grains,  against  the  455.7  grains, 
which  is  the  weight  of  the  fluidounce  of  water. 

Fluidextracts  can  be  considered  in  the  light  of  concentrated 
tinctures,  and  many  official  drugs  have  both  the  tincture  and  the 
fluidextract  recognized  by  the  pharmacopoeia.  The  advantage 
which  the  fluidextract  possesses  over  tinctures  and  other  preparations 
are:  1.  That  they  possess  a  definite  strength  of  100  per  cent.,  the 
same  as  that  of  the  product  from  which  derived.  In  that  way  the' 
physician,  knowing  the  dose  of  the  drug,  has  no  difiiculty  in  knowing 
the  dose  of  the  fluidextracts.  2.  Fluidextracts  are  concentrated, 
a  very  small  quantity  of  fluidextract  suflScing,  where  a  much  larger 
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quantity,  sometimes  ten  times  the  amount,  of  a  tincture  will  be 
needed.  3.  Fluidextracts  are  permanent;  being  made  with  alcoholic 
menstrua,  they  keep  perfectly,  and,  in  fact,  frequently  becoming 
better  as  they  age. 

HISTORY 

The  fluidextracts  are  essentially  American  products,  the  first 
fluidextracts  known  being  recognized  by  the  United  States  Pharma- 
copoeia of  1850.  Seven  so-called  fluidextracts  were  mentioned  in 
that  standard,  and  of  the  seven,  but  one  was  a  true  fluidextract. 
Of  the  others,  four  were  concentrated  syrups  and  two  were  oleoresins. 
In  the  pharmacopoeia  of  1860  twenty-five  fluidextracts  were  recog- 
nized, and  of  these,  fifteen  were  fluidextracts  in  the  modern  sense  of 
the  term. 

Manufacture  of  Fluidextracts. — Four  general  processes  have  been 
suggested  for  the  manufacture  of  fluidextracts. 

Percolation,  with  Partial  Evaporation. — The  drug  is  moistened 
with  the  required  quantity  of  menstruum  and  macerated  in  the 
percolator  for  a  certain  length  of  time,  and  then  percolated  with  the 
menstruum  until  exhausted. 

It  is  practically  impossible,  by  the  ordinary  process  of  percolation, 
to  exhaust  100  Gm.  of  drug  with  the  first  100  Cc.  of  percolate;  in 
most  cases  100  Gm.  are  not  exhausted  until  about  500  Cc.  of  percolate 
have  been  obtained.  Accordingly,  in  making  fluidextracts  we  perco- 
late the  drug  until  it  is  exhausted,  and  instead  of  evaporating  the 
entire  percolate  down  to  100  Cc,  we  reserve  the  first  80  Cc.  (approx- 
imately) of  percolate,  subjecting  to  the  heat  of  evaporation  only  the 
balance  of  percolate. 

The  first  portion  of  the  percolate,  usually  representing  in  cubic  cen- 
timeters 80  per  cent,  of  the  weight  of  the  drug  in  grammes  (example:  80 
Cc.  of  percolate  from  100  Gm.  of  drug;  800  Cc.  of  percolate  from  1000 
Gm.  of  drug,  etc.),  is  put  to  one  side  and  labeled  "reserved  portion." 
The  rest  of  the  percolate,  called  "weak  percolate,"  is  then  placed  in 
an  appropriate  distilling  apparatus  in  order  to  recover  the  alcohol, 
and  when  the  alcohol  is  distilled,  the  residue  is  evaporated  to  a  soft 
extract  on  a  water-bath.  This  soft  extract  is  then  dissolved  in  the 
reserved  portion,  and  enough  menstruum  is  added  to  bring  the  fluid- 
extract  up  to  the  number  of  cubic  centimeters  equal  to  the  number 
of  grammes  of  the  drug  of  which  we  started.  Of  the  details  of  this 
process  but  two  salient  points  need  be  mentioned.  It  will  be  noticed 
that  we  spare  the  first  80  per  cent,  of  percolate  from  the  heat,  to 
which  we  subject  the  remainder  of  the  percolate.  This  is  because  it  is 
estimated  that  this  80  per  cent,  of  percolate  contains  the  active 
principles  of  at  least  80  per  cent,  of  the  drug,  and  since  it  is  without 
question  that  even  the  heat  of  the  water-bath  may  possibly  modify 
some  of  the  delicate  constituents  of  the  drug,  it  has  been  deemed 
advisable  to  expose  the  smallest  possible  quantity  of  the  soluble  part 
of  the  drug  to  such  temperature.  A  second  point  is  that  we  evaporate 
the  weak  percolate  to  a  soft  extract  instead  of  merely  to  a  point 
where  it,  plus  the  reserve  portion,  would  measure  the  number  of  cubic 
centimeters  of  fiuid  equal  to  the  number  of  grammes  of  drug  with 
which  we  started  out.     The  reason. for  this  is  because  the  liquid  part 
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of  such  a  residue  consists  wholly  of  water,  and  that  there  would  be 
danger  that  adding  the  liquid  to  the  reserve  portion  would  cause 
a  precipitation  of  some  of  the  constituents  of  the  reserve  portion. 

This  process  is  not  a  satisfactory  one  either  for  the  manufacturer 
or  for  the  retailer.  For  the  retailer,  it  is  a  tedious  operation,  requiring 
a  large  amount  of  time  for  evaporation  of  the  reserve  portion,  and 
especially  when  the  menstruum  is  a  diluted  alcohol.  The  second 
disadvantage  of  the  process  is  the  use  of  heat,  which  tends  to  dis- 
sociate some  of  the  plant  principles. 

The  above  process  is  essentially  the  one  for  the  manufacture  of 
official  fluidextracts  given  in  the  body  of  the  present  pharmacopoeia, 
although  the  pharmacopceial  recipes  differ  from  this  process  in  some 
details. 

For  instance,  there  are  only  seven  of  the  official  fluidextracts 
the  recipe  of  which  directs  distillation  of  the  alcohol  from  the  weak 
percolate.  Of  these,  under  five  fluidextracts  (calumba,  grindelia, 
mezereum,  podophyllum,  and  rubus)  the  directions  are  given  to 
distil  on  water-bath,  but  no  mention  is  made  as  to  the  temperature 
at  which  the  residue,  left  after  distillation,  is  to  be  evaporated;  while 
of  the  other  two  (Indian  cannabis  and  nux  vomica)  we  are  told 
to  "distil  off  the  alcohol  from  the  remainder  by  means  of  a  water-bath 
and  evaporate  the  residue  at  a  temperature  not  exceeding  50°  C." 
In  other  words,  in  but  seven  cases  is  distillation  directed.  Of  the 
others,  the  weak  percolate  of  one  fluidextract  (rhubarb)  is  directed 
to  be  evaporated  at  a  temperature  not  exceeding  70°  C;  28  are  to  be 
evaporated  at  50°  or  under,  while  with  46  no  mention  is  made  of  the 
maximum  temperature  for  evaporation.  Not  a  word,  however,  as 
to  distillation  of  alcohol. 

Taking  up  this  point,  it  might  be  said  that  in  the  46  cases  where  no 
temperature  for  evaporation  is  given,  permission  to  distil  the  alcohol 
may  be  implied,  but  if  this  is  the  case,  why  is  distillation  specified 
in  seven  cases  and  omitted  in  the  others?  If  the  silence  as  to  distilling 
the  alcohol  is  to  be  considered  a  prohibition,  then  the  official  process 
is  worthless,  since  no  one  could  profitably  prepare  a  fluidextract  if 
the  large  amount  of  alcohol  contained  in  the  weak  percolate  were 
allowed  to  escape.  As  to  the  28  fluidextracts,  the  weak  percolates 
of  which  are  to  be  evaporated  at  a  temperature  of  50°,  it  must  be 
said  that  this  process  is  impossible  for  the  retailer.  Assuming  the 
intention  is  to  recover  the  alcohol  by  distillation,  that  operation  can 
take  place  at  50°  C.  only  when  carried  on  in  a  vacuum  pan  (p.  92), 
a  piece  of  apparatus  the  cost  of  which  precludes  its  use  anywhere 
save  in  large  factories.  If  the  alcohol  is  to  be  evaporated  and  not 
distilled,  the  same  question  as  to  costly  waste  raised  above  applies 
here;  while  the  simple  act  of  evaporation  of  the  weak  percolate  in 
open  air  at  50°  C.  is  a  task  so  tedious  as  to  be  almost  impossible. 

Fortunately  for  the  retail  pharmacist,  there  is  another  process 
for  making  fluidextracts  permitted  by  the  pharmacopoeia — a  process 
that  is  entirely  feasible — the  process  of  repercolation. 

2.  Percolation  vyith  Incomplete  Exhaustion. — This  process  was 
proposed  in  order  to  avoid  the  disadvantages  of  the  process  just 
described,  by  doing  away  with  the  weak  percolate.  In  this  process 
1000  Gm.  of  the  drug  are  taken,  moistened,  packed,  and  carefully 
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percolated  until  750  Cc.  of  percolation  are  obtained.  The  marc  is  then, 
thrown  away  and  the  operation  is  discontinued. 

The  explanation  of  this  process  is  that  the  first  750  Cc.  of  percolate 
from  the  1000  Gm.  of  the  drug  is  apt  to  contain  the  active  principles 
of  at  least  75  per  cent,  of  the  drug  in  question.  If  this  be  true,  the 
percolate  would  be  a  100  per  cent,  preparation,  and  on  this  assumption 
the  plan  has  been  carried  out.  The  weakness  of  this  process  is  seen 
in  the  fact  that  there  is  no  proof  of  the  amount  of  extractive  matter 
contained  in  the  percolate.  If  the  drug  is  very  carefully  packed  and 
the  percolation  proceeds  very  slowly,  the  750  Cc.  of  percolate  may 
contain  more  than  the  active  principles  of  the  750  Gm.  of  the  drug. 
On  the  other  hand,  if  the  percolation  is  carried  on  carelessly,  a  much 
weaker  product  will  result. 

3.  Repercolation. — This  process  was  devised  by  Dr.  E.  R.  Squibb 
as  a  means  of  doing  away  with  the  use  of  heat,  which  is  the  disadvan- 
tage of  the  official  process,  and  yet  securing  a  preparation  of  strength 
more  definite  than  is  obtained  by  the  process  of  percolation  with 
incomplete  exhaustion. 

The  process  which  is  given  official  sanction  in  the  introduction 
to  the  pharmacopoeia  is  of  such  importance  that  a  detailed  explana- 
tion is  here  given. 

Suppose  we  want  to  make  1000  Cc.  fluidextract  of  gentian:  we 
take  1000  Gm.  drug,  and  the  first  thing  we  do  with  it  is  to  divide  it 
into  four  portions  of  250  Gm.  each.  The  first  250  Gm.  we  moisten 
with  the  pharmacopoeial  menstruum,  pack,  macerate,  and  percolate, 
just  as  in  the  regular  official  process,  with  the  sole  exception  that  the 
percolate,  as  it  drops,  is  collected  into  several  portions;  the  first  200 
Cc. — dark,  heavy,  and  concentrated — being  set  aside  as  finished 
fluidextract,  and  the  next  portions  of  250  Cc.  each  put  into  bottles 
and  labeled  respectively  "weak  percolate  No.  1,"  "weak  percolate 
No.  2,"  "weak  percolate  No.  3,"  and  so  on  until  exhaustion.  The 
writer's  personal  experience  showed  that,  on  an  average,  250  Gm. 
drug  is  not  completely  exhausted  until  1250  to  1500  Cc.  of  percolate 
have  dropped,  and  it  was  his  rule  to  use  a  500-Cc.  bottle  for  weak 
percolate  No.  4,  and  to  let  the  last  percolate  drop  therein  until  the 
drug  was  completely  exhausted. 

As  the  result  of  our  first  percolation  we  have,  from  250  Gm.  gentian: 

Fluidextract 200  Cc. 

Weak  percolate  No.  1 250  Cc. 

Weak  percolate  No.  2 250  Cc. 

Weak  percolate  No.  3 250  Cc. 

Weak  percolate  No.  4  (say) 350  Cc. 

Why  do  we  call  the  first  200  Cc.  finished  fluidextract?  Simply 
because  experience  has  shown  that,  with  ordinary  care,  the  first  200  Cc. 
of  a  percolate  from  250  Gm.  drug  contains  the  active  principles  of  at 
least  200  Gm.  of  that  drug.  If  the  first  200  Cc.  of  percolate  contain 
the  active  principles  of  200  Gm.  drug,  the  active  principles  of  the 
remaining  50  Gm.  drug  will  be  found  in  the  1100  Cc.  of  weak  percolates 
No.  1,  2,  3,  and  4  and  chiefly  in  percolates  No.  1  and  2.  Now  we  are 
ready  to  begin  with  the  second  batch  of  250  Gm.  of  ground  gentian. 
We  moisten  it,  not  with  official  menstruum,  but  with  weak  percolate 
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No.  1  of  the  previous  operation.  Then  we  pack  and  macerate,  tneix 
pour  in  weak  percolate  No.  2,  and  after  it  has  soaked  in,  we  pour  on 
weak  percolate  No.  3,  and  as  that  too  sinks  down  as  the  liquid  drops 
below,  we  pour  on  weak  percolate  No.  4.  When  that  has  gone  through, 
we  begin  to  employ  the  official  menstruum.  In  the  meanwhile  the 
liquid  dropping  from  the  percolator  has  been  collected  in  several 
portions.  The  first  250  Cc.  has  been  set  aside  as  finished  fluidextract. 
Note  that  this  time  we  do  not  set  aside  the  first  200  Cc.  as  finished  fluid- 
extract,  as  we  did  in  the  previous  case,  but  250  Cc;  for  we  began 
percolation  this  time,  not  with  official  menstruum,  but  with  those 
percolates  from  the  first  batch  of  drug,  containing  the  active  principles 
of  about  50  Gm.  of  said  drug.  Hence  the  first  250  Cc.  of  percolate 
from  the  second  batch  of  gentian  are  almost  sure  of  containing  the 
active  principles  of  250  Gm.  of  drug,  and  are,  therefore,  set  aside  as 
finished  fluidextract. 

By  this  time  the  bottles  that  had  contained  weak  percolates  No.  1 
and  2  are  empty,  and  as  the  next  250  Cc.  percolate  drops,  it  is  poured 
into  bottle  No.  1;  the  next  batch  into  bottle  No.  2,  and  so  on  until 
exhaustion,  when  we  will  have  in  the  four  original  bottles  weak 
percolates  No.  1,  2,  3,  and  4. 

The  percolation  of  batches  No.  3  and  4,  250  Gm.  each,  of  gentian, 
will  be  a  repetition  of  the  handling  of  batch  No.  2.  In  both  cases  the 
first  250  Cc.  of  percolate  are  set  aside  as  finished  fluidextract,  and, 
when  batch  No.  4  is  exhausted,  the  weak  percolates  No.  1,  2,  3,  and  4, 
properly  labeled,  are  placed  in  some  dark,  cool  place,  there  to  remain 
until  the  next  time  that  the  fluidextract  must  be  made.  The  quantity  -| 
given  in  above  illustration  is  purely  proportional  and,  of  course,  does  y^^ 
mean  that  950  Cc.  fluidextract  must  be  made  each  time.  The  950  Cc. 
fluidextract — that  is,  the  four  portions  200  Cc.  plus  250  Cc.  plus 
250  Cc.  plus  250  Cc. — is  to  be  carefully  mixed  and  placed  in  proper 
container,  and,  of  course,  the  next  time  the  fluidextract  is  to  be  made 
from  the  weak  percolates,  the  amount  of  the  finished  product  will  be 
1000  Cc. 

In  conclusion  let  it  be  said  the  best  way  to  get  the  absolutely 
correct  view  of  repercolation  is  by  a  personal  performance  of  the 
operation.  When  tried,  it  will  be  found  no  more  difficult  than 
percolating  a  tincture,  and,  as  a  matter  of  fact,  every  retail  pharma- 
cist should  make  at  least  a  dozen  of  his  most  used  fluidextracts,  and 
by  this  method.  _U-^ 

If  the  time  the  average  druggist  wastes  in  entertaining  the  drug-    -^ 
store  loafer  were  used  in  this  manner,  the  druggist  would  have  a 
larger  bank  account  at  the  end  of  the  year. 

This  fact  cannot  be  too  strongly  urged.  Do  not  believe  the  slick- 
tongued  drummer  who  tells  you  that  his  firm  can  make  fluidextracts 
better  than  you  can,  for  he  is  simply  romancing.  And  from  the  finan-  I 
cial  side,  personal  experience  has  shown  the  writer  that  fluidextracts  [ 
can  be  made  by  the  retailer  from  25  to  50  per  cent,  less  than  the  cost 
of  the  same  product  of  a  reliable  house — and,  of  course,  only  those  of 
the  most  reliable -firms  should  be  taken. 

The  greatest  objection  to  repercolation  is  the  fact  that  every 
1000  Cc.  of  fluidextract  made  means  the  stowing  away  of  about  1100 
Cc.  of  weak  percolate,  which  can  be  used  for  nothing  else;  meaning 
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usually  at  least  500  Cc.  alcohol — capital  from  which  no  interest  accrues. 
On  the  other  hand,  the  process  affords  an  exceedingly  easy  way  of 
making  small  quantities — say,  250  Cc. — of  the  fluidextracts,  usually 
bought  by  the  pound,  and  thus  the  excess  in  stock  of  weak  percolates 
can  be  counterbalanced  by  the  diminution  in  the  stock  of  the  fluid- 
extracts  themselves. 

4.  Percolation  and  Maceration  with  Hydraulic  Pressure. — This 
process  was  introduced  by  a  firm  of  manufacturing  pharmacists,  but 
has  been  abandoned  by  them  in  favor  of  repercolation,  which  is 
employed  by  almost  all  large  manufacturers. 

The  process  consists  of  taking  a  large  quantity  of  the  drug — say, 
1000  kilos, — macerating  with  a  lesser  quantity  of  menstruum, — say, 
300  liters, — and,  after  a  certain  time,  pressing  this  liquid Jby  hydraulic 
pressure.  The  press  cake  is  returned  to  tlie  macerating  vat,  moistened 
with  another  300  liters  of  liquid,  which  is  pressed  out.  The  process 
is  then  repeated  with  a  sufficient  quantity  of  menstruum,  so  that 
when  it  is  pressed  the  third  time  the  quantity  of  pressed  liquid,  or 
official  fluidextract,  will  amount  to  1000  liters. 

Besides  the  four  general  processes  just  described,  there  are  several 
methods  whereby  certain  special  fluidextracts  are  prepared.  Thus, 
the  fluidextracts  from  some  drugs  which  are  easily  exhausted  can  be 
prepared  by  simple  percolation.  Thus,  the  present  official  recipes 
for  fluidextract  of  wild  cherry  and  for  fluidextract  of  squill  direct 
simple  but  careful  percolation  of  a  kilogramme  of  drug  until  one  liter 
of  percolate  is  obtained. 

Two  other  official  extracts  are  exhausted  by  hot  infusion,  the 
aqueous  percolates  being  evaporated  to  the  required  volume  and 
preserved  with  alcohol.  Due  attention  will  be  given  below  to  these 
special  processes. 

Preservation  of  Fluidextracts. — Fluidextracts  keep  well,  as  a  rule, 
and  the  precipitate,  often  occurring,  is  almost  invariably  inert.  Do 
not  think  that  home-made  fluidextracts  are  poor  because  there  is 
a  sediment  in  them  after  a  few  months.  The  manufacturers'  fluid- 
extracts  do  the  same  thing,  only  they  are  kept  in  the  factory  long 
enough  to  allow  complete  precipitation;  then  they  are  filtered  and 
bottled. 

It  must  be  borne  in  mind,  however,  that  in  some  cases  the  precipi- 
tate formed  in  fluidextracts  contains  a  valuable  constituent,  and 
in  this  case  the  precipitate  should  be  retained.  Unfortunately,  we 
have  as  yet  no  table  showing  us  which  precipitates  should  be  retained 
and  which  rejected,  and,  therefore,  at  present  it  is  customary  always 
to  dispense  fluidextracts  in  a  clear  form. 

SPECIAL  NOTES  ON  THE  OFFICIAL  FLUIDEXTRACTS 

There  is  such  great  sameness  in  most  of  the  85  official  fluidextracts 
that  what  is  said  about  one  of  them  applies  with  equal  force  to  almost 
all  the  others.  Their  strength  is  identical;  their  manufacture,  as  to 
minor  details,  is  similar,  with  only  a  few  exceptions  to  break  the 
monotony.  Their  medical  properties  are  those  of  the  drugs  from 
which  they  are  derived,  and  will  be  left  for  discussion — as  in  all 
other    galenics — until    the    constituent    drug    is    considered.     Their 
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doses,  which  will  be  grouped  at  the  close  of  this  section,  are  usually 
the  same  as  the  constituent  drug,  the  only  notable  exception  being 
the  case  of  fluidextract  of  senna  (which  see). 

Hence,  while  there  are  more  fluidextracts  than  any  other  class  of 
preparations,  they  can  be  discussed  in  a  comparatively  small  space, 
and  instead  of  giving,  as  with  the  other  galenics,  a  table  of  preparations 
followed  by  specific  mention  of  each  fluidextract,  we  can  discuss  the 
few  typical  fluidextracts,  placing  the  others  in  tabular  form  under 
the  appropriate  type. 

Before  taking  up  the  individual  fluidextract,  attention  must  be 
called  to  the  change  in  nomenclature  adopted  at  the  last  revision. 
The  pharmacopoeia  of  1890,  and  those  prior  to  that  date,  gave  as 
English  name  the  two  words  ''extractum  fluidum"  (examples,  fluid- 
extract  of  aconite — Extractum  Aconiti  Fluidum).  The  new  pharma- 
copoeia gives  as  English  and  Latin  names  respectively,  fluidextract 
and  fluidextractum  (example,  Fluidextract  of  Aconite  and  Fluid- 
extractum  Aconiti). 

The  only  reason  given  for  this  change  was  in  order  to  avoid  mixing 
the  extracts  and  fluidextracts  in  the  body  of  the  pharmacopoeia. 
Now  representatives  of  the  class  extractum  come  in  regular  order 
many  pages  removed  from  the  representatives  of  the  other  class, 
fluidextracta. 

FLUIDEXTRACTS  MADE  BY  PERCOLATION  AND  PARTIAL  EVAPORA- 
TION 

Note. — The  pharmacopoeial  recipe  for  fluidextracts  made  this  way  is  inserted 
only  in  deference  to  our  standard,  as  mentioned  on  p.  241.  The  only  way  for  the 
retail  pharmacist  to  prepare  these  is  by  repercolation,  permission  to  do  this  being 
given  by  the  pharmacopoeia.     (Introduction  to  U.  S.  P.  VIII,  p.  Hi.) 

I.    FLUIDEXTRACTS  WITH  HYDRO-ALCOHOLIC  MENSTRUUM 

FLUIDEXTRACTUM   ACONITL     Fluidextract  of  Aconite. 

Recife. — Aconite,  in  No.  60  powder,  one  thousand  grammes. .  1000  Gm. 
Alcohol, 

Water,  each,  a  sufficient  quantity,  

To  make  about  one  thousand  centimeters. .   1000  Co. 

Mix  seven  hundred  and  fifty  cubic  centimeters  of  Alcohol  with  two  hundred  and 
fifty  cubic  centimeters  of  Water,  and,  having  moistened  the  powder  with  four  hundred 
cubic  centimeters  of  the  mixture,  pack  it  firmly  in  a  cylindrical  percolator;  then  add 
enough  menstruum  to  saturate  the  powder  and  leave  a  stratum  above  it.  When  the 
liquid  begins  to  drop  from  the  percolator,  close  the  lower  orifice,  and,  having  closely 
covered  the  percolator,  macerate  for  forty-eight  hours.  Then  allow  the  percolation 
to  proceed  slowly,  gradually  adding  menstruum,  using  the  same  proportions  of 
Alcohol  and  Water  as  before,  until  the  Aconite  is  exhausted.  Reserve  the  first 
eight  hundred  cubic  centimeters  of  the  percolate,  and  evaporate  the  remainder,  in  a 
porcelain  dish,  at  a  temperature  not  exceeding  50°  C.  (122°  F.),  to  a  soft  extract; 
dissolve  this  in  the  reserved  portion,  mixing  thoroughly. 

Assay  ten  cubic  centimeters  of  this  liquid;  from  the  results  thus  obtained,  ascertain 
by  calculation  the  amount  of  aconitine  in  the  remainder  of  the  liquid,  add  to  this 
enough  menstruum  to  make  each  one  hundred  cubic  centimeters  of  the  finished  Fluid- 
extract  contain  0.4  Gm.  of  aconitine. 

For  Assay,  see  Chapter  LV. 
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Remarks. — This  fluidextract  is  taken  as  the  type  simply  because 
it  is  the  first  representative  of  the  class  appearing  in  the  pharmacopoeia. 
In  studying  the  recipe  given  above  it  will  be  found  that  the  menstruum 
used  throughout  the  process  consists  of  alcohol,  750  Cc;  water,  250  Cc; 
that  each  1000  Gm.  of  drug  in  No.  60  powder  is  moistened  with 
400  Cc.  of  the  menstruum;  that  the  moistened  powder  is  allowed  to 
macerate  packed  in  the  percolator;  that  the  time  for  maceration  in 
"this  wndTaU  other  'percolated  fluidextracts  is  forty-eight  hours;  that  the 
first  800  Cc.  is  put  aside  as  reserve  portion,  and  that  the  weak  percolate 
is  to  be  evaporated  at_50^^^or  uader;  that  no  mention  is  made  of 
first  distilling  the  alcohol.  All  these  points  are  mentioned,  since  they 
form  the  basis  of  difference  between  this  and  the  other  fluidextracts 
of  the  same  class.  These  other  fluidextracts  will  be  found  below, 
grouped  according  to  menstruum  employed,  the  tabulation  including 
such  data  as  fineness  of  powder,  amount  of  menstruum  used  for 
moistening  the  amount  collected  as  reserve  portion,  and  temperature 
for  evaporation. 

The  pharmacopoeia  specifically  directs  distilling  off  the  alcohol 
from  the  weak  percolate  only  in  seven  cases,  and  as  these  have  already 
been  enumerated,  it  seems  unnecessary  to  repeat  them  in  the  table. 

OTHER  OFFICIAL  FLUIDEXTRACTS  MADE  LIKE  FLUIDEXTRACT  OF 

ACONITE 

Fineness  Moisten        p«,™„„w  MnTim^jm 

Menstruum.  Name.  ^of^  Jru^         ^-^^  ^,-7- 

Alcohol               Aromatic U.S.P.  350  Cc.  850  Cc.  50° 

(U.  S.  P.).          Capsicum No.  50  500  Cc.  900  Cc.  No  mention. 

Cimicifuga No.  60  250  Cc.  900  Cc. 

Cubeb No.  40  200  Cc.  900  Cc. 

Gelsemium No.  60  300  Cc.  900  Cc. 

Ginger No.  50  250  Cc.  900  Cc.  50° 

Indian  cannabis No.  30  300  Cc.  900  Cc.  Water-bath. 

Savine No.  40  250  Cc.  900  Cc.  50° 

Veratrum No.  60  300  Cc.  900  Cc.  50° 

Alcohol,  800  Cc. 

Water,  200  Cc.  Belladonna  root No.  60  350  Cc.  800  Cc.  50° 

Eriodictyon No.  60  400  Cc.  900  Cc.  50° 

Euonymus No.  40  350  Cc.  800  Cc.  No  mention. 

Mezereum No.  30  400  Cc.  900  Cc.  Water-bath. 

Podophyllum No.  40  300  Cc.  850  Cc.  "         " 

Rhubarb No.  30  400  Cc.  750  Cc.  70° 

Scopola No.  40  350  Cc.  800  Cc.  50° 

Serpentaria No.  50  300  Cc.  900  Cc.  50° 

Staphisagria No.  40  300  Cc.  800  Cc.  50° 

Alcohol,  750  Cc. 

Water,  250  Cc.  Buchu No.  60  400  Cc.  850  Cc.  50° 

Calamus No.  40  350  Cc.  900  Cc.  50° 

Eucalyptus No.  40  400  Cc.  900  Cc.  50° 

Grindelia No.  30  300  Cc.  850  Cc.  Water-bath. 

Ipecac No.  80  350  Cc.  850  Cc.  50° 

Leptandra No.  60  400  Cc.  850  Cc.  No  mention. 

Matico No.  40  300  Cc.  850  Cc. 

Sumbul No.  30  400  Cc.  850  Cc. 

Valerian No.  40  300  Cc.  850  Cc.  50° 

Xanthoxylum No.  40  250  Cc.  900  Cc.  No  mention. 

Alcohol,  700  Cc. 

Water,  300  Cc.  Calumba No.  20  300  Cc.  700  Cc.  Water-bath. 

Alcohol,  650  Cc. 

Water,  350  Cc.  Convallaria No.  60  400  Cc.  800  Cc.  No  mention. 
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Menstntwn. 

Alcohol,  600  Cc 
Water,  300  Cc. 


Diluted  alcohol 
(U.S.  P.). 


Alcohol,  400  Cc 
Water,  600  Cc. 
Alcohol,  500  Cc 
Water,  800  Cc. 
Alcohol,  300  Cc 
Water,  600  Cc. 


Fineness  Moisten  r,            . 

Name.                           of  drug  Reserved 

powder.  with-  portion. 

Bitter  orange No.  40  350  Cc.  800  Cc. 

Colchicum  seed No.  50  300  Cc.  750  Cc. 

Hyoscyamus No.  60  400  Cc.  800  Cc. 

Stramonium No.  40  400  Cc.  800  Cc. 

Viburnum  opulus No.  40  300  Cc.  850  Cc. 

Viburnum  prunifolium.  No.  40  300  Cc.  850  Cc. 

Berberis No.  40  400  Cc.  700  Cc. 

Chimaphila No.  30  400  Cc.  800  Cc. 

Chirata No.  30  350  Cc.  850  Cc. 

Coca No.  40  450  Cc.  700  Cc. 

Cypripedium No.  60  350  Cc.  850  Cc. 

Digitalis No.  60  400  Cc.  850  Cc. 

Eupatorium No.  40  400  Cc.  800  Cc. 

Gentian No.  30  350  Cc.  800  Cc. 

Guarana No.  60  200  Cc.  700  Cc. 

Krameria No.  40  400  Cc.  800  Cc. 

Lappa No.  60  400  Cc.  800  Cc. 

Phytolacca No.  40  400  Cc.  800  Cc. 

Pilocarpus No.  40  350  Cc.  750  Cc. 

Quiliaja No.  40  400  Cc.  800  Cc. 

Rubus No.  40  350  Cc.  800  Cc. 

Scutellaria No.  40  350  Cc.  800  Cc. 

Spigelia No.  40  300  Cc.  850  Cc. 

StilTingia No.  40  300  Cc.  850  Cc. 

Cascara  sagrada No.  40  400  Cc.  800  Cc. 

Frangula No.  40  350  Cc.  800  Cc. 

Quassia No.  40  400  Cc.  900  Cc. 

Sarsaparilla No.  30  400  Cc.  800  Cc. 


Maximum 
heat  for. 


50* 
No  mention. 

50° 

50° 
No  mention. 


50° 
No  mention. 

50° 
No  mention. 


50° 
No  mention. 
Water-bath. 
No  mention. 


11.    FLUIDEXTRACTS  MADE  WITH  HYDRO-ALCOHOLIC.  GLYCERINIC 

MENSTRUA 

FLUIDEXTRACTUM  APOCYNI.     Fluidextract  of  Apocynum. 

Recipe. — Apocynum,  in  No.  60  powder,  one  thousand  grammes  1000  Gm. 

Glycerin,  one  hundred  cubic  centimeters 100  Cc. 

Alcohol, 

Water,  each,  o  sufficient  quantity,  

To  make  one  thousand  centimeters .  .    1000  Cc. 

Mix  the  Glycerin  with  six  hundred  cubic  centimeters  of  Alcohol  and  three  hundred 
cubic  centimeters  of  Water,  and,  having  moistened  the  powder  with  four  hundred 
cubic  centimeters  of  the  mixture,  pack  it  firmly  in  a  cylindrical  percolator;  then  add 
enough  menstruum  to  saturate  the  powder  and  leave  a  stratum  above  it.  When 
the  liquid  begins  to  drop  from  the  percolator,  close  the  lower  orifice,  and,  having 
closely  covered  the  percolator,  macerate  for  forty-eight  hours.  Then  allow  the 
percolation  to  proceed  slowly,  gradually  adding,  first,  the  remainder  of  the  men- 
struum, and  afterward  a  mixture  of  Alcohol  and  Water,  made  in  the  proportion  of 
six  hundred  cubic  centimeters  of  Alcohol  to  four  hundred  cubic  centimeters  of  Water, 
until  the  Apocjmum  is  exhausted.  Reserve  the  first  nine  hundred  cubic  centimeters 
of  the  percolate,  and  evaporate  the  remainder,  at  a  temperature  not  exceeding 
50°  C.  (122°  F.),  to  a  soft  extract;  dissolve  this  in  the  reserved  portion,  and  add 
enough  menstruum  to  make  the  Fluidextract  measure  one  thousand  cubic  centimeters. 

Remarks. — The  fluidextracts  made  with  menstrua  containing 
glycerin  are  placed  in  a  class  separate  from  those  made  with  purely 
hydro-alcoholic  menstrua,  because  there  is  a  slight  difference  in  the 
method  of  manipulation.     As  seen  in  the  above  typical  recipe,  in 
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making  1000  Cc.  of  the  fluidextract,  only  the  first  1000  Cc.  of  men- 
struum contains  glycerin;  the  rest  of  the  menstruum  required  being 
merely  alcohol  and  water.  This  necessitates,  in  the  table  given  below, 
two  columns  for  menstrua,  the  column  headed  "final  menstruum" 
being  that  employed  after  the  first  1000  Cc.  of  menstruum  (if  1000  Gm. 
of  drug  are  being  percolated)  are  used  up.  Bear  in  mind  that  if 
repercolation  is  used,  the  first  (glycerinic)  menstruum  is  used  through 
the  entire  operation. 


OTHER   OFFICIAL  FLUIDEXTRACTS  MADE  LIKE  FLUIDEXTRACT  OF 

APOCYNUM 


Menstruum. 

Alcohol,  800  Cc; 
Water,  100  Cc; 
Glycerin,  100  Cc. 


Alcohol,  600  Cc; 
Water,  300  Cc; 
Glycerin,  100  Cc. 


Diluted       alcohol, 
900  Cc; 
Glycerin,  100  Cc. 


Alcohol,    300   Cc. 

Water,  600  Cc 

Glycerin,  100  Cc 
Alcohol,    200    Cc; 

Water,  500  Cc; 

Glycerin,  300  Cc. 


Fine-       Moisten    Reserved     i^„^„-„,,„ 
Cinchona No.  60     350  Cc.     700  Cc.     No  mention. 


Geranium No.  30    350  Cc.     800  Cc.     No  mention. 

Hydrastis No.  60     300  Cc.     750  Cc.     No  mention. 

Pareira No.  40     400  Cc.     850  Cc.     No  mention. 


e:i| 

DcJ 

S| 

)c.  ) 


r  Pomegranate.  .No.  30 

J  Quercus No.  40 

1  Rhus  glabra. . .  No.  40 

1.  Rose No.  20 

Hamamelis 

leaves No.  40 


400  Cc. 
400  Cc. 
350  Cc. 
400  Cc. 


800  Cc. 
700  Cc. 
800  Cc. 
750  Cc. 


No  mention. 
No  mention. 
No  mention. 
50° 


350  Cc.     850  Cc.     No  mention. 


Uva  ursi No.  30     400  Cc.     800  Cc. 


50° 


Final 

menstruum. 


Alcohol, 
Water, 

Alcohol, 

Water, 

Alcohol, 

Water, 

Alcohol, 

Water, 

Diluted 

Diluted 

Diluted 

Diluted 


800  Cc; 
200  Cc. 

600  Cc; 
400  Cc. 
600  Cc; 
,  300  Cc 
600  Cc; 
,  400  Cc. 
alcohol, 
alcohol, 
alcohol, 
alcohol. 


Alcohol,  300  Cc; 
Water,  600  Cc. 

Alcohol,  200  Cc; 
Water,  500  Cc. 


III.    FLUIDEXTRACTS  MADE  WITH  HYDRO-ALCOHOLIC  ACID  MENSTRUA 

FLUIDEXTRACTUM  CONII.    Fluidextract  of  Conium. 

Recipe. — Conium,  in  No.  40  powder,  one  thousand  grammes. .   1000  Gm. 

Acetic  Acid,  twenty  cubic  centimeters 20  Co. 

Diluted  Alcohol,  a  sufficient  quantity, 

To  make  about  one  thousand  cubic  centimeters. .   1000  Cc. 

Mix  the  Acetic  Acid  with  nine  hundred  and  eighty  cubic  centimeters  of  Diluted 
Alcohol,  and,  having  moistened  the  powder  with  three  hundred  cubic  centimeters  of 
the  mixture,  pack  it  firmly  in  a  cylindrical  percolator;  then  add  enough  menstruum 
to  saturate  the  powder  and  leave  a  stratum  above  it.  When  the  liquid  begins  to 
drop  from  the  percolator,  close  the  lower  orifice,  and,  having  closely  covered  the 
percolator,  macerate  for  forty-eight  hours.  Then  allow  the  percolation  to  proceed 
slowly,  gradually  adding,  first,  the  remainder  of  the  menstruum,  and  then  Diluted 
Alcohol,  until  the  Conium  is  exhausted.  Reserve  the  first  eight  hundred  cubic 
centimeters  of  the  percolate,  and  evaporate  the  remainder,  in  a  porcelain  dish,  at  a 
temperature  not  exceeding  50°  C.  (122°  F.),  to  a  soft  extract;  dissolve  this  in  the 
reserved  portion,  and  mix  thoroughly. 

Assay  ten  cubic  centimeters  of  this  liquid;  from  the  results  thus  obtained,  ascertain 
by  calculation  the  amount  of  coniine  in  the  remainder  of  the  liquid,  and  add  to  this 
enough  Diluted  Alcohol  to  make  each  one  hundred  cubic  centimeters  of  the  Fluid- 
extract  contain  0.45  Gm.  of  coniine. 


Remarks. — The  statement  given  under  Fluidextract  of  Apocynum 
regarding  the  two  menstrua  applies  with  equal  force  to  fluidextracts 
of  this  class.  The  value  of  the  acid  constituent  is  to  fix  and  hold 
in  solution  the  volatile  alkaloid  characteristic  to  the  drug.  For 
assay,  see  Chapter  LV. 
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FLUIDEXTRACTUM  ERGOTiE.     Fluidextract  of   Ergot. 

This  is  made  by  a  process  identical  with  that  of  fluidextract  of 
conium,  except  that  the  drug  is  in  a  No.  60  powder;  that  the  first 
850  Cc._  of  percolate  are  set  aside  as  reserve  portion  instead  of  800 
Cc,  as  in  conium;  and  that  no  assay  is  provided. 

FLUIDEXTRACTUM  NUCIS    VOMICAE.    Fluidextract  of  Nux 

Vomica. 

Recipe. — Nux   Vomica,   in   No.   40   powder,   one  thousand 

grammes 1000  6m. 

Acetic  Acid,  fifty  cubic  centimeters SO  Cc. 

Alcohol, 

Water,  each,  a  sufficient  quantity, 

To  make  about  one  thousand  cubic  centimeters. .   1000  Cc. 

Mix  Alcohol  and  Water  in  the  proportion  of  seven  hundred  and  fifty  cubic  centi- 
meters of  Alcohol  and  two  hundred  and  fifty  cubic  centimeters  of  Water.  Moisten  the 
powder  with  one  thousand  cubic  centimeters  of  the  mixture,  to  which  the  Acetic  Acid 
had  previously  been  added,  and  let  it  digest,  in  a  well-covered  vessel,  in  a  warm 
place,  during  forty-eight  hours.  Then  pack  it  in  a  cylindrical  glass  percolator, 
gradually  pour  menstruum  upon  it,  and  allow  the  percolation  to  proceed  slowly 
until  the  Nux  Vomica  is  practically  exhausted.  Reserve  the  first  nine  hundred 
cubic  centimeters  of  the  percolate,  distil  off  the  Alcohol  from  the  remainder  by  means 
of  a  water-bath,  and  evaporate  the  residue,  at  a  temperature  not  exceeding  50°  C. 
(122°  F.),  to  a  soft  extract;  dissolve  this  in  the  reserved  portion,  and  mix  thoroughly. 

Assay  ten  cubic  centimeters  of  this  liquid ;  from  the  results  thus  obtained  ascertain 
by  calculation  the  amount  of  strychnine  in  the  remainder  of  the  liquid;  add  to  this 
enough  menstruum  to  make  each  one  hundred  cubic  centimeters  of  the  finished  Fluid- 
extract  contain  1  Gm.  of  strychnine. 

RemarJcs. — Note  that  the  recipe  for  this  fluidextract  differs  from 
the  two  just  given  only  in  a  few  details;  that  the  alcoholic  strength 
of  the  menstruum  is  greater,  and  that  the  drug  is  digested  with  a  large 
amount  of  menstruum  before  percolation.     For  assay,  see  Chapter  LV. 

IV.    FLUIDEXTRACTS  MADE  WITH  HYDRO-ALCOHOLIC  ALKALINE 

MENSTRUA 

FLUIDEXTRACTUM   SENEGiE.     Fluidextract  of  Senega. 

Recipe. — Senega,  in  No.  40  powder,  one  thousand  grammes. . . .   1000  Gm. 
Solution  of  Potassium  Hydroxide,  thirty  cubic 

centimeters 30  Cc. 

Alcohol, 

Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .   1000  Cc. 

Mix  the  Solution  of  Potassium  Hydroxide  with  six  hundred  cubic  centimeters  of 
Alcohol  and  three  hundred  cubic  centimeters  of  Water,  and,  having  moistened  the 
powder  with  four  hundred  and  fifty  cubic  centimeters  of  the  mixture,  pack  it  firmly 
m  a  cylindrical  glass  percolator;  then  add  enough  menstruum  to  saturate  the  powder 
and  leave  a  stratum  above  it.  When  the  liquid  begins  to  drop  from  the  percolator, 
loose  the  lower  orifice,  and,  having  closely  covered  the  percolator,  macerate  for 
forty-eight  hours.  Then  allow  the  percolation  to  proceed  slowly,  gradually  adding, 
first,  the  remainder  of  the  menstruum,  and  then  a  mixture  of  Alcohol  and  Water, 
made  in  the  proportion  of  six  hundred  cubic  centimeters  of  Alcohol  to  three  hundred 
cubic  centimeters  of  Water,  until  the  Senega  is  exhausted.  Reserve  the  first  eight 
hundred  and  fifty  cubic  centimeters  of  the  percolate,  and  evaporate  the  remainder, 
in  a  porcelain  dish,  to  a  soft  extract;  dissolve  this  in  the  reserved  portion,  and  add 
enough  of  the  last-mentioned  mixture  of  Alcohol  and  Water  to  make  the  Fluid- 
extract  measure  one  thousand  cubic  centimeters. 
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Remarks. — As  mentioned  under  Syrup  of  Senega  (p.  201),  the 
drug  contains  pectin,  which  is  liable  to  separate  from  liquid  prepara- 
tions in  a  gelatinous  mass.  Alkalis  prevent  this  separation  of  pectin, 
hence  the  use  of  solution  of  potassium  hydroxide  in  the  present 
pharmacopoeial  recipe  for  the  fluidextract  and  the  employment  of 
ammonia  water  in  making  the  syrup  according  to  the  process  of 
1890  (p.  201). 

FLUIDEXTRACTUM  TARAXACL     Fluidextract  of  Taraxacum. 

Recipe. — Taraxacum,    in    No.    30    powder,    one    tiwusand 

grammes 1000  Gm. 

Solution  of  Sodium  Hydroxide,  -fifty  cubic  centi- 
meters        50  Cc. 

Diluted  Alcohol,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters.  .    1000  Cc. 

Moisten  the  powder  with  three  hundred  cubic  centimeters  of  Diluted  Alcohol,  and 
pack  it  firmly  in  a  cylindrical  percolator;  then  add  enough  Diluted  Alcohol  to 
saturate  the  powder  and  leave  a  stratum  above  it.  When  the  liquid  begins  to  drop 
from  the  percolator,  close  the  lower  orifice,  and,  having  closely  covered  the  percolator, 
macerate  for  forty-eight  hours.     Then  allow  the  percolation  to  proceed  slowly, 

fradually  adding  Diluted  Alcohol,  until  the  Taraxacum  is  exhausted.  Reserve  the 
rst  eight  hundred  cubic  centimeters  of  the  percolate,  and  evaporate  the  remainder 
to  a  soft  extract;  dissolve  this  in  the  reserved  portion,  add  the  Solution  of  Sodium 
Hydroxide,  and  enough  Diluted  Alcohol  to  make  the  Fluidextract  measure  one 
thousand  cubic  centimeters. 

Remarks. — Note  that  this  recipe  differs  from  that  for  making 
fluidextract  of  senega  in  the  fact  that  the  alkaline  solution  is  not 
added  to  the  menstruum,  as  in  senega,  but  to  the  finished  product. 
The  object  of  the  alkali  is  similar  to  the  reason  for  its  use  in  fluid- 
extract  of  senega — to  keep  in  solution  those  active  principles  likely 
to  precipitate. 

V.     FLUIDEXTRACTS  MADE  WITH  ACETIC  ACID   MENSTRUUM 

FLUIDEXTRACTUM  LOBELIiE.     Fluidextract  of  Lobelia. 

Recipe. — Lobelia,  in  No.  50  powder,  one  thousand  grammes.  .  1000  Gm. 
Acetic  Acid, 

Water,  each,  a  sufficient  quaniity,  

To  make  one  thousand  cubic  centimeters. .  1000  Cc. 

Mix  tvx>  hundred  and  seventy-five  cubic  centimeters  of  Acetic  Acid  with  seven 
hundred  and  twenty-five  cubic  centimeters  of  Water,  and,  having  moistened  the  powder 
with  three  hundred  and  fifty  cubic  centimeters  of  the  mixture,  pack  it  firmly  in  a 
cylindrical  glass  percolator;  then  add  enough  menstruum  to  saturate  the  powder 
and  leave  a  stratum  above  it.  When  the  liquid  begins  to  drop  from  the  percolator, 
close  the  lower  orifice,  and,  having  closely  covered  the  percolator,  macerate  for 
forty-eight  hours.  Then  allow  the  percolation  to  proceed  slowly,  gradually  adding 
menstruum,  using  the  same  proportions  of  Acetic  Acid  and  Water  as  before,  until 
the  Lobelia  is  exhausted.  Reserve  the  first  nine  hundred  cubic  centimeters  of  the 
percolate,  and  evaporate  the  remainder,  at  a  temperature  not  exceeding  50°  C. 
(122°  F.),  to  a  soft  extract;  dissolve  this  in  the  reserved  portion,  and  add  enough 
menstruum  to  make  the  Fluidextract  measure  one  thousand  cubic  centimeters. 

Remarks. — This  line  of  fluidextracts,  for  which  the  name  acetracts 
has  been  suggested,  differ  from  the  acetic  acid  fluidextracts,  conium, 
ergot,  and  nux  vomica,  described  above,  in  the  fact  that  while  those 
three  are  made  with  alcoholic  menstrua  containing  a  little  acetic 
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acid,  the  ones  we  are  now  considering  are  made  with  an  approximately 
10  per  cent,  acetic  acid  and  contain  no  alcohol. 

The  truth  of  the  above  statement  can  be  easily  proved  by  figuring 
out  by  alligation  how  much  10  per  cent,  acetic  acid  can  be  made 
from  275  Cc.  of  the  ofl&cial  36  per  cent,  acetic  acid  directed  in  the 
above  recipe. 

The  value  of  acetic  acid  as  a  solvent  has  been  the  subject  of  careful 
study  during  recent  years,  and,  as  a  result,  in  the  last  revision  three 
^'acetracts" — lobelia,  sanguinaria,  and  squill — were  given  recognition. 

FLUIDEXTRACTUM  SANGUINARLffi.     Fluidextract  of  Sanguinaria. 

The  official  recipe  for  this  extract  is  like  that  for  fluidextract  of 
lobelia  just  given,  except  that  the  drug  must  be  in  a  No.  30  powder, 
that  it  is  to  be  moistened  with  300  Cc.  of  menstruum,  that  the  first 
S50  Cc.  of  percolate  is  to  be  put  aside  as  reserve  portion,  and  that 
no  mention  is  made  of  the  temperature  for  evaporation  of  the  weak 
percolate. 

Fluidextract  of  squill,  while  made  with  acetic  acid  menstruum,  is 
prepared  without  evaporation  of  the  weak  percolate,  hence  is  dis- 
cussed below. 

FLUIDEXTRACTS  MADE   BY   EVAPORATION   OF   HOT  PERCOLATED 

INFUSIONS 

This  process  differs  from  percolation  with  partial  evaporation  in 
the  fact  that  the  entire  aqueous  percolate  is  evaporated  to  certain 
bulk,  and  then  enough  alcohol  is  added  to  preserve  the  finished  product 
from  fermentation.  But  two  official  fluidextracts  are  made  in  this 
way — glycyrrhiza  and  triticum. 

FLUIDEXTRACTUM  GLYCYRRHIZiE.     Fluidextract  of  Glycyrrhiza. 

Recipe. — Glycyrrhiza,    in    No.    20    powder,    one   thousand 

grammes 1000  Gm. 

Glycerin,  two  hundred  and  fifty  cubic  centimeters 250  Cc. 

Atmnonia  Water,  fifty  cubic  centimeters 50  Cc. 

Alcohol, 

Water,  each,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters. .   1000  Cc. 

Pour  four  hundred  cubic  centimeters  of  boiling  Water  upon  the  Glycyrrhiza, 
contained  in  a  suitable  vessel,  and  allow  it  to  stand  for  one  hour.  Pack  the  moistened 
powder  loosely  in  a  metallic  percolator,  ipour  boiling  Water  upon  it,  and  allow  the 
percolation  to  proceed,  supplying  boiling  Water  until  the  Glycyrrhiza  is  exhausted. 
Evaporate  the  percolate  at  a  moderate  heat,  until  it  measures  four  hundred  and  fifty 
cubic  centimeters,  and  when  cool,  add  four  hundred  and  fifty  cubic  centimeters  of  Alcohol, 
mix  well,  and  set  it  aside  for  three  days.  After  filtering  the  liquid,  distil  it  until 
five  hundred  cubic  centimeters  of  distillate  have  been  obtained;  transfer  the  liquid  in 
the  still  to  a  suitable  container,  add  the  Glycerin,  Ammonia  Water,  and  two  hundred 
cubic  centimeters  of  Alcohol.  Finally,  add  sufficient  Water  to  make  the  Fluidextract 
measure  one  thousand  cubic  centimeters. 

Remarks. — Explaining  this  rather  intricate  process,  it  may  be 
said  that  the  object  of  adding  to  the  500  Cc.  of  evaporated  aqueous 
percolate  500  Cc.  of  alcohol  (only  eventually  to  distil  the  latter  off) 
is  to  precipitate  the  mucilaginous  and  starchy  matter  extracted  from 
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the  drug  with  the  boiling  water,  and  which  would  prove  a  source  of 
precipitation  were  it  allowed  to  remain  in  the  finished  fluidextract. 
This  fluidextract  of  glycyrrhiza  is  similar  to  the  popular  commercial 
forms  intended  "for  quinine  mixtures,"  and  is  much  superior  to  the 
alcoholic  fluidextract  of  the  pharmacopoeia  of  1890. 

FLUIDEXTRACTUM  TRITICI.     Fluidextract  of  Triticum. 

Recipe. — Triticum,  finely  cut,  one  thxyusand  grammes 1000  Gm. 

Alcohol, 

Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .   1000  Co. 

Pack  the  Triticum  in  a  cylindrical  metallic  percolator,  pour  boiling  Water  upon 
it,  and  allow  the  percolation  to  proceed,  supplying  boiling  water,  as  required,  until 
the  Triticum  is  exhausted.  Evaporate  the  percolate  to  seven  hundred  and  fifty 
cubic  centimeters,  and  having  added  to  it  two  hundred  and  fifty  cubic  centimeters  of 
Alcohol,  mix  well  and  set  it  aside  for  forty-eight  hours.  Then  filter  the  liquid  and 
add  to  the  filtrate  enough  of  a  mixture  of  Alcohol  and  Water  made  in  the  proportion 
of  one  volume  of  Alcohol  to  three  volumes  of  Water  to  make  the  Fluidextract  measure 
one  thousand  cubic  centimeters. 

Remarks. — The  fluidextract  of  triticum  is  interesting  because 
made  by  evaporation  of  an  infusion  of  triticum  with  boiling  water, 
to  a  suitable  bulk,  and  adding  thereto  25  per  cent,  of  alcohol,  the 
object  of  the  alcohol  being  to  prevent  fermentation,  as  well  as  to 
precipitate  starchy  and  mucilaginous  matter. 

FLUIDEXTRACTS  MADE  BY  PERCOLATION  WITHOUT  EVAPORATION 

In  the  case  of  two  official  fluidextracts — squill  and  wild  cherry — 
the  drug  is  so  readily  exhausted  that  the  first  1000  Cc.  percolate 
{if  the  'percolation  is  carefully  conducted)  will  contain  practically  all 
the  active  constituents  of  1000  Gm.  of  drug.  In  these  cases,  therefore, 
the  percolation  is  discontinued  when  1000  Cc.  of  percolate  are  obtained. 
Too  great  stress  cannot  be  laid,  however,  on  the  necessity  for  careful 
percolation,  and  this  gives  the  process  the  same  weakness  already 
outlined  when  discussing  percolation  with  incomplete  exhaustion 
(p.  242). 

FLUIDEXTRACTUM   SCILLiE.     Fluidextract  of  SquiU. 

Recipe. — Squill,  in  No.  20  powder,  one  thousand  grammes.  . .    1000  Gm. 
Acetic  Acid, 
Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters.  .    1000  Cc. 

Mix  two  hundred  and  seventy-five  cubic  centimeters  of  Acetic  Acid  with  seven 
hundred  and  twenty-five  cubic  centimeters  of  Water,  and,  having  added  eight  hundred 
cubic  centimeters  of  the  mixture  to  the  powder,  allow  it  to  macerate,  in  a  well-covered 
glass  or  porcelain  vessel,  during  forty-eight  hours,  then  transfer  it  to  a  conical  glass 
percolator,  and  allow  the  percolation  to  proceed  slowly,  adding  menstruum  gradually, 
using  the  same  proportions  of  Acetic  Acid  and  Water  as  before,  until  the  Fluid- 
extract  measures  one  thousand  cubic  centimeters. 

Remarks. — This  recipe  differs  from  that  for  the  fluidextracts  of 
lobelia  and  sanguinaria  in  directing  that  1000  Gm.  of  drug  be  macerated 
with  800  Cc.  of  the  acetic  acid  menstruum  (representing  about  10  per 
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cent,  absolute  acetic  acid)  before  packing,  and  that  the  percolation 
be  conducted  so  that  when  1000  Cc.  of  percolate  are  obtained,  the 
drug  will  be  exhausted. 

FLUIDEXTRACTUM  PRUNI    VIRGINIANiE.     Fluidextract  of  Wild 

Cherry. 

Recipe. — Wild   Cherry,   in  No.   30   powder,   one  thousand 

grammes 1000  Gm. 

Glycerin,  two  hundred  cubic  centimeters 200  Cc. 

Alcohol, 

Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .   1000  Cc. 

Mix  the  Glycerin  with  two  hundred  cubic  centimeters  of  Alcohol  and  six  hundred 
cubic  centimeters  of  Water,  and,  having  moistened  the  powder  with  three  hundred 
cubic  centimeters  of  the  mixture,  pack  it  firmly  in  a  cylindrical  glass  percolator;  then 
add  enough  menstruum  to  saturate  the  powder  and  leave  a  stratum  aoove  it.  When 
the  liquid  begins  to  drop  from  the  percolator,  close  the  lower  orifice,  and,  having 
closely  covered  the  percolator,  macerate  for  forty-eight  hours;  then  allow  the  percola- 
tion to  proceed,  gradually  adding,  first,  the  remainder  of  the  menstruum,  and 
afterward  a  mixture  of  Alcohol  and  Water,  made  in  the  proportion  of  two  hundred 
cubic  centimeters  of  Alcohol  to  eight  hundred  cubic  centimeters  of  Water,  and  allow  the 
percolation  to  proceed  very  slowly,  until  the  Fluidextract  measures  one  thousand 
cubic  centimeters. 

Remarks. — In  this  recipe  the  drug  is  percolated  with  a  menstruum 
of  alcohol,  water,  and  glycerin,  with  such  care  that  when  1000  Cc.  of 
percolate  have  passed  from  1000  Gm.  of  drug,  the  latter  will  be 
exhausted.  The  chief  object  of  this  requirement  is  to  avoid  heat, 
to  which  the  constituents  of  wild  cherry  are  very  sensitive. 

SPECIAL  FLUIDEXTRACTS 

Under  this  heading  are  grouped  the  few  remaining  official  fluid- 
extracts  which  either  do  not  lend  themselves  to  the  grouping  followed 
on  the  preceding  pages,  or  possess  some  striking  peculiarity 
worthy  of  special  mention. 

FLUIDEXTRACTUM  LUPULINI.     Fluidextract  of  Lupulin. 

Recipe. — Lupulin,  one  thousand  grammes 1000  Gm. 

Alcohol,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters . .   1000  Cc. 

Pack  the  Lupulin  firmly  in  a  cylindrical  percolator;  then  add  enough  Alcohol 
to  saturate  the  Lupulin  and  leave  a  stratum  above  it.  When  the  liquidf  begins  to 
drop  from  the  percolator,  close  the  lower  orifice,  and,  having  closely  covered  the 
percolator,  macerate  for  forty-eight  hours.  Then  allow  the  percolation  to  proceed 
slowly,  gradually  adding  Alcohol,  until  the  Lupulin  is  exhausted.  Reserve  the  first 
nine  hundred  cubic  centimeters  of  the  percolate,  and  evaporate  the  remainder  to  a 
soft  extract;  dissolve  this  in  the  reserved  portion,  and  add  enough  Alcohol  to  make 
the  Fluidextract  measure  one  thousand  cuMc  centimeters. 

Remarks. — The  only  difference  between  the  manufacture  of  this 
fluidextract  and  the  others  made  by  percolation  with  partial  evapora- 
tion is  that  the  drug  is  packed  into  the  percolator  without  previous 
moistening. 
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FLUIDEXTRACTUM   RHAMNI   PURSHIANiE    AROMATICUM. 

Aromatic  Fluidextract  of  Cascara  Sagrada. 

Recipe. — Cascara  Sagrada,  in  No.  40  powder,  one  thousand 

grammes 1000  Gm. 

Glycyrrhiza,  in  No.  30  powder,  one  hundred  grammes     100  .Gm. 

MagnesiiJtn   Oxide,   one   hundred  and    twenty-five 
grammes 125  Gm. 

Glycerin,  two  hundred  and  fifty  cubic  centimeters.  .  .     250  Cc. 

Compound  Spirit  of  Orange,  ten  cubic  centimeters.  .       10  Co. 

Alcohol, 

Diluted  Alcohol, 

Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .   1000  Cc. 

Mix  the  Cascara  Sagrada,  Glycyrrhiza,  and  Magnesium  Oxide  thoroughly,  and, 
having  added  two  thousand  cubic  centimeters  of  Water,  allow  the  mixture  to  macer- 
ate for  twelve  hours,  and  then  dry  it  at  a  gentle  heat.  Mix  the  Glycerin  with  five 
hundred  cubic  centimeters  of  Alcohol  and  two  hundred  and  fifty  cubic  centimeters  of 
Water,  and,  having  moistened  the  powder  with  four  hundred  cubic  centimeters  of 
the  mixture,  pack  it  firmly  in  a  cylindrical  percolator;  then  add  enough  men- 
struum to  saturate  the  powder  and  leave  a  stratum  above  it.  When  the  liquid  begins 
to  drop  from  the  percolator,  close  the  lower  orifice,  and,  having  closely  covered  the 
percolator,  macerate  for  forty-eight  hours.  Then  allow  the  percolation  to  proceed 
slowly,  gradually  adding,  first  the  remainder  of  the  menstruum,  and  afterward 
Diluted  Alcohol,  until  the  powder  is  exhausted.  Reserve  the  first  eight  hundred 
cubic  centimeters  of  the  percolate,  and  evaporate  the  remainder  to  a  soft  extract; 
dissolve  this  in  the  reserved  portion,  and  add  the  Compound  Spirit  of  Orange  and 
enough  Diluted  Alcohol  to  make  the  Fluidextract  measure  one  thousand  cubic  centi- 
meters. 

Remarks. — This  fluidextract  is  made  by  percolation  with  partial 
evaporation,  all  general  details  being  like  the  other  fluidextracts  of 
this  class.  The  important  distinction  is  the  treatment  of  the  drug, 
before  percolating,  with  magnesium  oxide,  this  being  done  to  remove 
most  of  the  bitter  taste  from  the  cascara  sagrada  (p.  870).  Note, 
of  course,  the  constituents  added  to  make  the  product  true  to  its 
name,  "aromatic,"  these  constituents  being  glycyrrhiza  and  com- 
pound spirit  of  orange. 

FLUIDEXTRACTUM   SARSAPARILLiE   COMPOSITUM.     Compound 
Fluidextract  of  Sarsaparilla. 

Recipe. — Sarsaparilla,  in  No.  30  powder,  seven  hundred  and 

fifty  grammes 750  Gm. 

Glycyrrhiza,  in  No.  30  powder,  one  hundred  and 

twenty  grammes 120  Gm. 

Sassafras,  in  No.  30  powder,  one  hundred  grammes .  .  100  Gm. 

Mezereum,  in  No.  30  powder,  thirty  grammes 30  Gm. 

Glycerin,  one  hundred  cubic  centimeters 100  Cc. 

Diluted  Alcohol,  a  sufficient  quantity, 

To  make  about  one  thousand  cubic  centimeters .  .  1000  Cc. 

Mix  the  Glycerin  with  nine  hundred  cubic  centimeters  of  Diluted  Alcohol,  and,, 
having  moistened  the  mixed  powders  with  four  hundred  cubic  centimeters  of  the 
mixture,  pack  it  firmly  in  a  cylindrical  percolator;  then  add  enough  Diluted  Alcohol 
to  saturate  the  powder  and  leave  a  stratum  above  it.  When  the  liquid  begins  to 
drop  from  the  percolator,  close  the  lower  orifice,  and,  having  closely  covered  the 
percolator,  macerate  for  forty-eight  hours.  Then  allow  the  percolation  to  proceed 
slowly,  gradually  adding  Diluted  Alcohol  until  the  powder  is  exhausted.  Reserve 
the  first  eight  hundred  cubic  centimeters  of  the  percolate,  and  evaporate  the  remainder 
to  a  soft  extract;  dissolve  this  in  the  reserved  portion,  and  add  enough  Diluted 
Alcohol  to  make  the  Fluidextract  measure  one  thousand  cubic  centimeters. 
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Remarks. — This  preparation  belongs  to  those  fluidextracts  pre- 
pared by  percolation  and  partial  evaporation,  and  the  only  reason  it 
is  grouped  in  the  special  class  is  because  it  is  the  only  official  "com- 
pound" fluid  extract.  Note  carefully  the  ingredients,  and  it  must 
be  borne  in  mind  that  it  does  not  contain  the  same  constituents  as 
the  compound  syrup  of  sarsaparilla,  and  it  must  in  no  instance^ 
therefore,  be  used  in  preparing  the  official  compound  syrup. 

FLUIDEXTRACTUM   SENNiE.     Fluidextract  of  Senna. 

Recipe. — Senna,  in  No.  40  powder,  one  thousand  grammes.  . .   1000  Gm. 
Alcohol, 
Diluted  Alcohol,  each,  a  sufficient  quantity, 


To  make  one  thousand  cubic  centimeters.  .    1000  Cc. 

Moisten  the  powder  with  three  hundred  and  fifty  cubic  centimeters  of  Alcohol, 
pack  it  firmly  in  a  cylindrical  percolator,  and  percolate  it  with  Alcohol  until  the 
Senna  is  exhausted.  The  alcoholic  percolate  thus  obtained  is  to  be  rejected. 
Remove  the  powder  from  the  percolator,  dry  it,  and,  having  moistened  it  with 
four  hundred  cubic  centimeters  of  Diluted  Alcohol,  pack  it  firmly  in  a  cylindrical 
percolator;  then  add  enough  Diluted  Alcohol  to  saturate  the  powder  and  leave  a 
stratum  above  it.  When  the  liquid  begins  to  drop  from  the  percolator,  close  the 
lower  orifice,  and,  having  closely  covered  the  percolator,  macerate  for  forty-eight 
hours.  Then  allow  the  percolation  to  proceed  slowhr,  gradually  adding  Diluted 
Alcohol  until  the  Senna  is  exhausted.  Reserve  the  first  eight  hundred  cubic  centi- 
meters of  the  percolate,  and  evaporate  the  remainder,  at  a  temperature  not  exceeding 
50°  C.  (122°  F.),  to  a  soft  extract;  dissolve  this  in  the  reserved  portion,  and  add 
enough  Diluted  Alcohol  to  make  the  Fluidextract  measure  one  thousand  cubic  centi- 
meters. 

Remarks. — The  recipe  for  this  fluidextract  is  peculiar,  in  that  it 
directs  that  the  senna  be  exhausted  with  alcohol  before  percolating 
with  the  regular  menstruum — diluted  alcohol.  As  mentioned  on 
p.  871,  senna  contains  a  griping  principle,  and  this,  as  well  as  most 
of  the  odor  and  taste,  is  removed  by  treatment  with  alcohol  without 
loss  of  the  valuable  purgative  principles. 

The  recipe  of  the  present  pharmacopceia,  given  above,  is  practi- 
cally identical  with  that  for  deodorized  fluidextract  of  senna  of  the 
former  edition  of  the  National  Formulary. 

DOSES  OF  THE  OFFICIAL  FLUIDEXTRACTS 

0.05  Cc.  (1  minim) Fluidextracts    of    aconite,   belladonna  root, 

capsicum,  digitalis,  gelsemium,  Indian  can- 
naois,  ipecac  (as  expectorant),  nux  vomica, 
scopola,  staphisagria,  and  stramonium. 

0.10  Cc.  (li  minims) Fluidextracts  of  Phytolacca    (as   alterative), 

sanguinaria,  squill,  and  veratrum. 

0.20  Cc.  (3  minims) Fluidextracts  of  colchicum  seed,  conium,  hy- 

oscyamus,  and  quillaja. 

0.30  Cc.  (5  minims) Fluidextract  of  savine. 

0.50  Cc.  (8  minims) Fluidextracts  of  convallaria,  euonymus,  lobe- 
lia, lupulin,   podophyllum,   and  quassia. 

1.00  Co.  (15  minims) Fluidextracts  of  apocynum,  aromatic,  bitter 

orange  peel,  calamus,  cascara  sagrada, 
cascara  sagrada  aromatic,  chirata,  cimici- 
fuga,  cinchona,  cubeb,  cypripedium,  erio- 
dictyon,  frangula,  gentian,  geranium,  gin- 
ger, krameria,  quercus,  rhubarb,  rnus 
glabra,  rubus,  Scutellaria,  senega,  and 
serpentaria. 
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Doses  of  the  Official  Fluidextracts — (Continued) 

2.00  Cc.  (30  minims) Fluidextracts  of  berberis,   buchu,   calumba, 

chimaphila,  coca,  ergot,  eucalyptus,  eupa- 
torium,  glycyrrhiza,  grindelia,  guarana, 
hamamelis  leaves,  hydrastis,  lappa,  lep- 
tandra,  pareira,  pilocarpus,  pomegranate, 
rose,  sarsaparilla,  sarsaparilla  compound, 
senna,  stillingia,  sumbul,  uva  ursi,  valerian, 
viburnum  opulus,  viburnum  prunifolium, 
xanthoxylum,  and  wild  cherry. 

4.00  Cc.  (1  fluidrachm) Fluidextracts  of  matico  and  spigelia. 

8.00  Cc.  (2  fluidrachms) Fluidextracts  of  taraxacum  and  triticum. 

No  dose  given  by  pharmacopoeia. .  .  .   Fluidextract  of  mezereum. 

Official  Fluidextracts  Directed  to  be  Assayed 
(Details  in  Chapter  LV.) 
Fluidextract.  Assayed  Strength. 

Aconite 0.4  per  cent,  aconitine. 

Belladonna  root 0.4  per  cent,  mydriatic  alkaloids  from  belladonna. 

Cinchona 4.0  per  cent,  ether-soluble  alkaloids  from  cinchona. 

Coca 0.5  per  cent,  ether-soluble  alkaloids  from  coca. 

Colchicum  seed 0.4  per  cent,  colchicine. 

Conium 0.45  per  cent,  coniine. 

Guarana 3.5  per  cent,  alkaloids  from  guarana. 

Hydrastis 2.0  per  cent,  hydrastine. 

Hyoscyamus 0.075  per  cent,  mydriatic  alkaloids  from  hyoscyamus. 

Ipecac 1.5  per   cent,  alkaloids  from  ipecac. 

Nux  vomica 1.0  per  cent,  strychnine. 

Pilocarpus 0.4  per  cent,  alkaloids  from  pilocarpus. 

Scopola 0.5  per  cent,  mydriatic  alkaloids  from  scopola. 

Stramonium 025  per  cent,  mydriatic  alkaloids  from  stramonium. 

WINES 

Wines  are  alcoholic  liquids  prepared  from  drugs  by  the  process  of 
solution,  maceration,  or  percolation,  differing  from  tinctures  only 
in  the  solvent  employed — wine  being  used  instead  of  various  strengths 
of  alcohol. 

In  the  pharmacopoeia  of  1890  white  wine  was  used  as  a  solvent 
to  the  exclusion  of  red  wine,  but  in  the  present  pharmacopoeia  one 
official  wine  (Vinum  Cocce)  is  made  with  red  wine. 

Both  red  mine  and  white  wine  can  be  more  profitably  discussed 
in  Part  IV.,  so  in  this  section  we  will  consider  only  the  pharmaceutic 
wines — those  prepared  from  the  two  native  wines. 

TABLE  OF  OFFICIAL  "WINES 

(All  Galenic) 
By  solution: 
Solvent,  white  wine. 

f  Wine  of  antimony. 
Active  ingredient  a  chemical.  .  .  j  Bitter  wine  of  iron. 

(  Wine  of  iron. 

(Wine  of  colchicum  seed. 
Wine  of  ergot. 
Wine  of  ipecac. 
Solvent,  red  wine. 

Active  ingredient  a  fluidextract. .  .Wine  of  coca. 
By  maceration Wine  of  opium. 

By  vercolation  1  ^^^^  o^  colchicum  root  (U.  S.  P.  1890). 

Hy  percolatwn -^  ^^^^  ^^  ^^^^^  ^^  g   p    ^gg^^ 
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SPECIAL  NOTES  ON  OFFICIAL  "WINES 

VINUM   ANTIMONII.     Wine  of  Antimony. 

Recipe. — Antimony  and  Potassium  Tartrate, /our  ^ammes. .        4  Gm. 
Boiling    Distilled   Water,    sixty-five    cubic    centi- 
meters        65  Cc. 

Alcohol,  one  hundred  and  seventy-five  cubic  centi- 
meters      175  Cc. 

White  Wine,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .   1000  Cc. 

Dissolve  the  Antimony  and  Potassium  Tartrate  in  the  Boiling  Distilled  Water. 
Add  this  solution  to  a  mixture  of  the  Alcohol  with  seven  hundred  and  twenty-five 
cubic  centimeters  of  White  Wine;  mix  well,  and  allow  the  mixture  to  stand  until  it 
has  cooled.  Then  filter  and  add  sufficient  White  Wine  through  the  filter  to  make 
the  Uquid  measure  one  thousand  cubic  centimeters. 

Remarks. — This  wine  contains  ^  of  1  per  cent,  of  tartar  emetic, 
and  is  a  constituent  of  Brown  Mixture  (p.  265). 
Dose. — 1  Cc.  (15  minims). 

VINUM   COCiE.     Wine  of  Coca. 

Recipe. — Fluidextract  of  Coca,  sixty-five  cubic  centimeters. . .  65  Cc. 

Alcohol,  seventy-five  cubic  centimeters 75  Cc. 

Sugar,  sixty-five  grammes 65  Gm. 

Red  Wine,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .  1000  Cc. 

Dissolve  the  sugar  in  five  hundred  cubic  centimeters  of  Red  Wine,  add  the  Alcohol 
and  Fluidextract  of  Coca,  and  enough  Red  Wine  to  make  the  liquid  measure  one 
thousand  cubic  centimeters.  Set  the  mixture  aside  for  two  days;  then  filter  through 
paper,  in  a  well-covered  funnel. 

Remarks. — This  new  official  is  intended  to  replace  the  many- 
proprietary  wines  of  coca  now  enjoying  so  much  popularity.  While 
the  pharmacopoeia  directs  use  of  official  "red  wine,"  which  includes 
a  large  number  of  commercial  varieties  of  wine,  the  careful  pharmacist 
will  employ  a  good  grade  of  claret  wine. 

Dose. — 16  Cc.  (4  fluidrachms). 

VINUM   COLCHICI   SEMINIS.     Wine  of  Colchicum  Seed. 

Recipe. — Fluidextract   of   Colchicum   Seed,   one  hundred 

cubic  centimeters 100  Cc. 

AlcohoL  one  hundred  and  fifty  cubic  centimeters 150  Cc. 

White  Wine,  seven  hundred  and  fifty  cubic  centi- 
meters    750  Cc. 

To  make  one  thousand  cubic  centimeters . .  1000  Cc. 

Mix  them.  Set  the  mixture  aside  for  two  days;  then  filter  through  paper, 
in  a  well-covered  funnel. 

Remarks. — The  strength  of  this  preparation  was  reduced  in  the 
last  revision.  The  wine  of  the  pharmacopoeia  of  1890  was  made  by 
maceration,  and  represented  15  per  cent,  of  the  ground  drug.  The 
present  official  wine  is  made  from  the  fluidextract,  and  represents 
10  per  cent,  of  the  drug. 

Dose. — 2  Cc.  (30  minims). 
17 
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VINUM  COLCHICI  RADICIS  (U.  S.  P.  1890).     Wine  of  Colchicum 

Root. 

Recipe. — This  former  official  is  made  by  maceration  of  the  ground 
corm  of  colchicum  with  white  wine,  fortified  by  addition  of  alcohol, 
and  representing  40  per  cent,  of  the  drug. 

VINUM   ERGOTS.     Wine  of  Ergot. 

Recipe. — Fluidextract  of  Ergot,  two  hundred  cubic  centi- 
meters    200  Cc. 

Alcohol,  "fifty  cubic  centimeters 50  Cc. 

White  Wine,  seven  hundred  and  fifty  cubic  centi- 
meters   7S0  Cc. 

To  make  one  thousand  cubic  centimeters . .  1000  Cc. 

Mix  them.  Set  the  mixture  aside  for  two  days;  then  filter  through  paper, 
in  a  well-covered  funnel. 

Remarks. — Made  by  simple  solution  from  the  fluidextract,  like 
wine  of  colchicum  seed,  but  contains  more  fluidextract  (20  per  cent.) 
and  less  alcohol. 

Dose. — 8  Cc.  (2  fluidrachms). 

VINUM  FERRI.     Wine  of  Iron. 

Recipe. — Iron  and  Ammonium  Citrate,  forty  grammes  ....       40  Gm. 
Tincture  of  Sweet  Orange  Peel,  sixty  cubic  centi- 
meters         60  Cc. 

Syrup,  one  hundred  cubic  centimeters 100  Cc. 

White  Wine,  a  sufficient  quantity, 


To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

Dissolve  the  Iron  and  Ammonium  Citrate  in  seven  hundred  cubic  centimeters  of 
White  Wine.  Add  to  this  the  Tincture  of  Sweet  Orange  Peel  and  the  Syrup,  and, 
lastly,  enough  White  Wine  to  make  the  product  measure  one  thousand  cubic  centi- 
meters. Set  the  mixture  aside  for  two  days;  then  filter  through  paper,  in  a  well- 
covered  funnel. 

Remarks. — This  consists  of  4  per  cent,  iron  and  ammonium  citrate 
dissolved  in  white  wine,  flavored  with  tincture  of  sweet  orange  peel, 
and  sweetened  with  syrup. 

Dose. — 8  Cc.  (2  fluidrachms). 

VINUM   FERRI   AMARUM.     Bitter   Wine   of   Iron. 

Recipe. — Soluble  Iron  and  Quinine  Citrate,  fifty  grammes. . .       50  Gm. 
Tincture  of  Sweet  Orange  Peel,  sixty  cubic  centi- 
meters         60  Cc. 

Syrup,  three  hundred  cubic  centimeters 300  Cc. 

White  Wine,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters.  .    1000  Cc. 

Dissolve  the  Soluble  Iron  and  Quinine  Citrate  in  five  hundred  cubic  centimeters 
of  White  Wine.  Add  to  this  the  Tincture  of  Sweet  Orange  Peel  and  the  Syrup,  and, 
lastly,  enough  White  Wine  to  make  the  product  measure  one  thousand  cubic  centi- 
meters. Set  the  mixture  aside  for  two  days;  then  filter  through  paper,  in  a  well- 
covered  funnel. 

Remarks. — This  is  substantially  wine  of  iron  made  bitt6r  by 
addition  of  quinine.  It  contains  5  per  cent,  soluble  iron  and  quinine 
citrate,  representing  almost  -f^  of  1  per  cent,  of  quinine. 

Dose. — 8  Cc.  (2  fluidrachms). 
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VINUM   IPECACUANHiE.     Wine  of  Ipecac. 

Recipe. — Fluidextract  of  Ipecac,  one  hundred  cubic  centi- 
meters       100  Cc. 

Alcohol,  one  hundred  cubic  centimeters 100  Cc. 

White  Wine,  eight  hundred  cubic  centimeters 800  Cc. 

To  make  one  thousand  cubic  centimeters .  .    TOOO  Cc. 

Mix  them.  Set  the  mixture  aside  for  two  days;  then  filter  through  paper,  in 
a  well-covered  funnel. 

Remarks. — This  wine  is  made  from  the  fluidextract,  like  wine  of 
colchicum  seed,  and,  like  it,  represents  10  per  cent,  of  the  drug. 
Dose. — 1  Cc.  (15  minims). 

VINUM   OPII.     Wine  of  Opium. 

Recipe. — Granulated  Opium,  one  hundred  grammes '. .  . .     100  Gm. 

Saigon  Cinnamon,  in  No.  60  powder,  ten  grammes . .       10  Gm. 

Cloves,  in  No.  30  powder,  ten  grammes 10  Gm. 

Alcohol, 

White  Wine,  each,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters . .   1000  Cc. 

Mix  one  hundred  and  fifty  cubic  centimeters  of  Alcohol  and  eight  hundred  and 
fifty  cubic  centimeters  of  White  Wine.  Macerate  the  Opium,  Saigon  Cinnamon,  and 
Cloves  in  a  stoppered  container,  in  a  moderately  warm  place,  with  seven  hundred 
and  fifty  cubic  centimeters  of  this  menstruum,  during  seven  days,  with  occasional 
agitation;  then  filter  through  purified  cotton,  in  a  well-covered  funnel,  returning  the 
first  portions  until  the  filtrate  passes  perfectly  clear,  and  finally  pass  enough  men- 
struum through  the  residue  to  make  the  liquid  measure  one  thousand  cubic  centimeters. 

Remarks. — Wine  of  opium,  sometimes  called  "Sydenham's 
laudanum,"  is  made  by  macerating  granulated  opium,  Saigon  cinna- 
mon, and  cloves  with  white  wine,  fortified  with  15  per  cent,  of  alcohol. 
Since  it  represents  10  per  cent,  of  opium,  and  since  the  opium,  in 
turn,  contains  12  to  \2\  per  cent,  of  morphine,  the  wine  of  opium 
should  contain  1.2  to  1.25  per  cent,  of  morphine. 

Dose. — 0.5  Cc.  (8  minims). 

Doses  of  Official  Wines 

0.5  Cc.  (8  minims) Wine  of  opium. 

1.0  Cc.  (15  minims) Wines  of  antimony  and  ipecac. 

2.0  Cc.  (30  minims) • Wine  of  colchicum  seed. 

8.0  Cc.  (2  fluidrachms) Wines  of  ergot,  iron,  and  iron  bitter. 

16.0  Cc.  (4  fluidrachms) Wine  of  coca. 

OLEORESINS 

The  pharmaceutic  oleoresins  are  liquid  preparations  of  drugs, 
containing  volatile  oil  and  resin,  obtained  by  percolation  of  such  drug 
with  acetone,  ether,  or  alcohol,  and  subsequent  distillation  of  the 
solvent  from  the  dissolved  oleoresins. 

There  are  two  classes  of  oleoresins — the  natural  oleoresins  and 
the  pharmaceutic  oleoresins.  The  former  are  mixtures  of  volatile 
oil  and  resin  exuding  from  plants,  and,  as  example  of  these,  may  be 
cited  the   drugs    turpentine    and   copaiba,   which   are   discussed  in 
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Chapter  XL VII.  These  are  quite  different  from  the  pharmaceutic  oleo- 
resins  defined  above  as  being  made  by  percolation  with  the  appro- 
priate solvent. 

It  is  self-evident  that  we  can  prepare  pharmaceutic  oleoresins 
only  from  such  drugs  as  contain  volatile  oil  and  resin;  that  such 
preparations  as  "oleoresin  of  cinchona"  and  "oleoresin  of  gentian" 
are  impossible,  since  neither  drug  contains  oil  and  resin  in  appreciable 
quantities.  As  drugs  containing  oil  and  resin  are  not  very  abundant, 
the  number  of  oleoresins  are  limited,  only  six  being  official. 

Manufacture. — The  pharmaceutic  oleoresins  are 
manufactured  by  placing  the  drug  without  moisten- 
ing in  a  suitable  apparatus,  and  percolating  with 
the  appropriate  solvent.  When  the  solvent  is  dis- 
tilled from  the  percolate,  there  is  a  small  quantity 
of  oily  liquid  left  behind,  and  this  constitutes  the 
official  oleoresin. 

If  the  menstruum  used  in  percolation  is  alcohol, 
the  extraction  is  carried  on  in  an  ordinary  percolator; 
but  if  the  solvent  is  acetone  or  ether,  extraction  in 
an  ordinary  percolator  is  both  wasteful  and  danger- 
ous, as  far  as  ether  is  concerned,  by  reason  of  the 
inflammability  of  the  solvent. 

Ether  being  so  volatile,  percolation  must  be  con- 
ducted in  apparatus  so  arranged  to  reduce  evapora- 
tion to  the  minimum.  Such  a  percolator  is  pictured 
in  Fig.  165.  Of  course,  both  percolator  and  receiv- 
ing bottle  cannot  be  tightly  corked,  else  the  drop- 
ping of  the  liquid  would  be  impossible.  Accordingly, 
the  corks  closing  the  tops  of  the  percolator  and  re- 
ceiving bottle  are  pierced  by  glass  tubes  drawn  to 
tapering  points,  through  which  the  air  may  pass 
without  very  great  evaporation  of  the  ether. 
It  is  found  convenient  to  connect  these  glass  tubes  with  a  rubber 
tube,  although  some  sticklers  disapprove  of  the  use  of  the  rubber 
tubing  by  reason  of  the~con£amination,  through  possible  solution, 
of  a  small  part  of  the  rubber  by  the  vapors  of  ether  as  they  pass 
through. 

Strength. — The  strength  of  oleoresins  is  uncertain,  inasmuch  as 
different  samples  of  the  same  drug  may  contain  entirely  different 
amounts  of  their  oleoresinous  constituent.  The  oleoresins,  however, 
represent  the  most  concentrated  form  of  liquid  pharmaceuticals,  being 
usually  from  five  to  ten  times  stronger  than  the  drug. 


Fig.  165.— Volatile 
liquid  percolator. 


TABLE  OF  OFFICIAL  OLEORESINS 

(All  Galenic) 


Solvent. 


r  Oleoresin  of  aspidium. 
Oleoresin  of  capsicum. 

Acetone \  Oleoresin  of  ginger. 

Oleoresin  of  lupulin. 
[  Oleoresin  of  pepper. 
Alcohol Oleoresin  of  cubeb. 
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As  already  mentioned,  a  marked  difference  between  the  present 
pharmacopoeial  recipe  for  oleoresins  and  that  of  the  pharmacopoeia 
of  1890  is  the  employment  of  acetone  and  alcohol  as  solvents  instead 
of  ether.  The  change  is  an  improvement,  since  the  use  of  ether  was 
both  costly  and  dangerous. 

SPECIAL  NOTES  ON  OFFICIAL  OLEORESINS 

OLEORESINA  ASPIDII.     Oleoresin  of  Aspidium. 

Recipe. — Aspidium,  recently  reduced  to  No.  40  powder,  five 

hundred  grammes 500  Gm. 

Acetone,  a  sufficient  quantity. 

Introduce  the  Aspidium  into  a  cylindrical  glass  percolator,  provided  with  a 
stop-cock,  and  arranged  with  a  cover  and  a  receptacle  suitable  for  volatile  liquids. 
Pack  the  powder  firmly,  and  percolate  slowly  with  Acetone,  added  in  successive 
portions,  until  the  Aspioium  is  exhausted.  Recover  the  greater  part  of  the  Acetone 
from  the  percolate  by  distillation  on  a  water-bath,  and,  having  transferred  the 
residue  to  a  dish,  allow  the  remaining  Acetone  to  evaporate  spontaneously  in  a  warm 
place.     Keep  the  Oleoresin  in  a  well-stoppered  bottle. 

Note. — Oleoresin  of  Aspidium  usually  deposits,  on  standing,  a  granular,  crys- 
talline substance.  This  should  be  thoroughly  mixed  with  the  liquid  portion  before 
use. 

Remarks. — The  precipitate  that  forms  in  this  oleoresin  consists 
of  the  valuable  constituent,  filicic  acid,  and  this  oleoresin  must, 
therefore,  be  dispensed  with  a  "shake"  label. 

Note  that  the  drug  used  must  be  freshly  ground. 

Dose. — 2  Gm.  (30  grains). 

OLEORESINA  CAPSICI.     Oleoresin  of  Capsicum. 

Recipe. — Capsicum,  in  No.  40  powder,  five  hundred  grammes. .    500  Gm. 
Acetone,  a  sufficient  quantity. 

Introduce  the  Capsicum  into  a  cylindrical  glass  percolator,  provided  with  a 
stop-cock,  and  arranged  with  a  cover  and  a  receptacle  suitable  for  volatile  liquids. 
Pack  the  powder  firmly,  and  percolate  slowly  with  Acetone,  added  in  successive 
portions,  until  eight  hundred  cubic  centim,eters  of  percolate  have  been  obtained. 
Recover  the  greater  part  of  the  Acetone  from  the  percolate  by  distillation  on  a  water- 
bath,  and,  having  transferred  the  residue  to  a  dish,  allow  the  remaining  Acetone  to 
evaporate  spontaneously  in  a  warm  place.  Then  pour  off  the  liquid  portion,  transfer 
the  remainder  to  a  glass  funnel  provided  with  a  pledget  of  cotton,  and  when  the 
separated  fatty  matter  (which  is  to  be  rejected)  has  been  completely  drained,  mix 
the  liquid  portions  together.     Keep  the  Oleoresin  in  a  well-stoppered  bottle. 

Remarks. — Oleoresin  of  capsicum  is  made  by  percolating  the  drug 
with  acetone  and  recovering  the  greater  portion  of  this  solvent  by 
distillation  of  the  percolate  on  the  water-bath,  the  last  traces  being 
permitted  to  evaporate  spontaneously.  The  residue,  after  evapora- 
tion of  the  acetone,  consists  of  the  oleoresins  plus  a  certain  quantity 
of  inert  fatty  substance,  which  is  separated  from  the  valuable  liquid 
by  straining  through  cotton.  The  oleoresin  of  capsicum  is  used  in 
the  preparation  of  capsicum  plaster. 

Dose. — 30  milligrammes  {^  grain). 

OLEORESINA  CUBEB^.     Oleoresin  of  Cubeb. 

Recipe. — Cubeb,  in  No.  30  powder,  five  hundred  grammes. . .     500  Gm. 
Alcohol,  a  sufficient  quantity. 
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Introduce  the  Cubeb  into  a  cylindrical  glass  percolator,  pack  the  powder  firmly, 
and  percolate  slowly  with  Alcohol,  added  in  successive  portions,  until  the  Cubeb  is 
exhausted.  Recover  the  greater  part  of  the  Alcohol  from  the  percolate  by  dis- 
tillation on  a  water-bath,  and,  having  transferred  the  residue  to  a  dish,  allow  the 
remaining  Alcohol  to  evaporate,  with  constant  stirring,  in  a  warm  place.  Keep  the 
Oleoresin  in  a  well-stoppered  bottle. 

Note. — Oleoresin  of  Cubeb  deposits,  after  standing  for  some  time,  a  waxy  and 
crystalline  matter,  which  should  be  rejected,  the  liquid  portion  only  being  used. 

Remarks. — Note  that  this  is  the  only  official  oleoresin  made 
by  percolating  a  drug  with  alcohol.  Note  that  the  waxy  precipitate 
is  to  be  rejected,  since  it  is  inert  and  not  valuable,  as  is  the  precipitate 
in  oleoresin  of  aspidium.  This  oleoresin  is  a  constituent  of  the  official 
troches  of  cubeb. 

Dose. — 500  milligrammes  (7^  grains). 

OLEORESINA  LUPULINI.     Oleoresin  of  Lupulin. 

Recipe. — The  same  as  for  making  oleoresin  of  aspidium,  except 
that  the  unground  lupulin  glands  are  employed,  and  that  the  powder 
is  packed  very  lightly. 

Dose. — 200  milligrammes  (3  grains). 

OLEORESINA  PIPERIS.     Oleoresin  of  Pepper. 

Recipe. — Pepper,  in  No.  40  powder,  five  hundred  grammes. .  .     500  Gm. 
Acetone,  a  sufficient  quantity. 

Introduce  the  Pepper  into  a  cylindrical  glass  percolator,  provided  with  a  stop- 
cock, and  arranged  with  a  cover  and  a  receptacle  for  volatile  liquids.  Pack  the 
powder  firmly,  and  percolate  slowly  with  Acetone,  added  in  successive  portions, 
until  the  Pepper  is  exhausted.  Recover  the  greater  part  of  the  Acetone  from  the 
percolate  by  distillation  on  a  water-bath,  and,  having  transferred  the  residue  to  a 
dish,  set  this  aside  in  a  warm  place  until  the  remaining  Acetone  has  evaporated, 
and  the  deposition  of  crystals  of  piperin  has  ceased.  Lastly,  separate  the  Oleoresin 
from  the  piperin  by  straining  through  purified  cotton.  Keep  the  Oleoresin  in  a 
well-stoppered  bottle. 

Remarks. — This  is  prepared  like  the  oleoresin  of  capsicum.  After 
the  acetone  has  mostly  evaporated,  the  piperin  begins  to  crystallize 
from  the  liquid,  and  the  pharmacopoeia  directs  that  these  crystals 
of  piperin  be  removed  from  the  oleoresin  by  straining  through  cotton. 

This  oleoresin  is  largely  prescribed  in  the  South  as  oil  of  black 
pepper. 

Dose. — 30  milligrammes  (^  grain). 

OLEORESINA   ZINGIBERIS.     Oleoresin  of  Ginger. 

Recipe. — Made  like  oleoresin  of  aspidium,  except  that  the  drug  is  to 
be  in  a  No.  60  powder  and  not  necessarily  freshly  ground. 
Dose. — 30  milligrammes  (^  grain). 

Doses  of  Official  Oleoresins 

30  milligrammes  (^  grain) Oleoresins  of  capsicum,  ginger,  and  pepper. 

200  "  (3  grains) Oleoresin  of  lupulin. 

500  "  (7i  grains) Oleoresin  of  cubeb. 

2  grammes  (30  grains) Oleoresin  of  aspidium. 
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VINEGARS 

_  Vinegars  are  liquid  preparations  obtained  by  extracting  the  active 
principle  of  drugs  by  maceration  or  percolation  with  vinegar  or  with 
diluted  acetic  acid. 

This  is  one  of  the  oldest  classes  of  liquid  medicinal  preparations, 
and  resembles  tinctures  in  everythmg  but  the  solvent  employed. 
Diluted  acetic  acid,  or  its  impure  form, — vinegar, — is  an  excellent 
solvent  for  the  active  principles  of  many  drugs,  and  is  a  preservative 
as  well;  hence  the  ancient  uses  of  medicated  vinegars  and  the  present 
employment  of  10  per  cent,  acetic  acid  as  menstruum  in  some  fluid- 
extracts  (p.  251). 

However,  the  vinegars  themselves  have  been  largely  supplanted 
by  tinctures  and  fluidextracts,  there  now  being  but  two  retained  in 
the  pharmacopoeia.  The  menstruum  of  both  of  these  is  diluted 
acetic  acid;  both  are  prepared  by  maceration,  and  both  represent 
10  per  cent,  of  the  active  drug.  The  two  official  are  vinegar  of  squill 
and  vinegar  of  opium.  The  pharmacopoeia  of  1880  directed  percola- 
tion for  both,  a  method  poorly  adapted  to  both  drugs. 

SPECIAL  NOTES  ON  OFFICIAL  VINEGARS 

ACETUM   OPII.     Vinegar  of  Opium. 

Recipe. — Powdered  Opium,  one  hundred  grammes 100  Gm. 

Myristica,  in  No.  30  powder,  thirty  grammes 30  Gm. 

Sugar,  two  hundred  grammes 200  Gm. 

Diluted  Acetic  Acid,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .  lOOO  Cc. 

Macerate  the  Opium  and  Myristica  in  five  hundred  cubic  centimeters  of  Diluted 
Acetic  Acid  during  seven  days,  frequently  stirring;  then  strain  through  muslin  of 
close  texture,  and  express  the  liquid.  Mix  the  residue  with  two  hundred  cubic 
centimeters  of  Diluted  Acetic  Acid  until  a  uniform  magma  is  produced,  then  strain 
and  express  again.  Mix  and  filter  the  strained  liquids,  dissolve  the  Sugar  in  the 
filtrate,  and  pass  enough  Diluted  Acetic  Acid  through  the  filter  to  make  the  product 
measure  one  thousand  cubic  centimeters. 

Remarks. — This  preparation,  called  black  drop,  was  once  dispensed 
with  fatal  results  on  a  prescription  calling  for  black  draught  (com- 
pound infusion  of  senna). 

Dose. — 0.5  Cc.  (8  minims). 

ACETUM   SCILLiE.     Vinegar  of  SquiU. 

Recipe. — S(|uill,  in  No.  20  powder,  one  hundred  grammes. .  .  .     100  Gm. 
Diluted  Acetic  Acid,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters.  .   1000  Cc. 

Macerate  the  Squill  with  nine  hundred  cubic  centimeters  of  Diluted  Acetic  Acid 
during  seven  days,  frequently  stirring;  then  strain  through  muslin,  and  wash  the 
mass  on  the  strainer  with  enough  Diluted  Acetic  Acid  to  make  the  strained  liquid 
measure  nearly  one  thousand  cubic  centimeters.  Heat  this  liquid  to  boiling,  filter 
while  hot,  and  when  cooled  add  sufficient  Diluted  Acetic  Acid  to  make  the  product 
measure  one  thousand  cubic  centimeters. 

Remarks. — This  vinegar  is  prepared  by  macerating  squill  in  a 
No.  20  powder  with  diluted  acetic  acid  for  seven  days,  and  then 
straining  through  muslin. 
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The  strained  liquid  is  then  brought  to  the  boiling-point  (in  order 
to  coagulate  the  albumin  extracted  from  the  drug),  and  is  filtered 
while  hot. 

Since  the  present  official  vinegar  of  squill  has  been  boiled,  the 
official  syrup  of  squill  prepared  from  it  can  be  made  without  boiling 
of  the  vinegar,  as  was  directed  by  the  pharmacopoeia  of  1890. 

Dose. — 1  Cc.  (15  minims). 


CHAPTER   XVI 
OFFIOAL  LIQUIDS  CONTAINING  UNDISSOLVED  MATTER 

MIXTURES 

Mixtures  are  aqueous  preparations  for  internal  use  containing 
insoluble  non-fatty  substances.  Since  they  contain  insoluble  matter, 
they  must  be  dispensed  with  a  "Shake  Well!"  label.  They  differ 
from  emulsions  in  containing  no  fat;  from  liniments,  in  being  used 
internally. 

Up  to  the  revision  of  1890  both  mixtures  and  emulsions  were 
grouped  under  the  common  head  Mistura,  but  at  that  revision  the 
class  emulsions  was  given  pharmacopoeial  recognition. 

As  mixtures  usually  contain  some  organic  matter,  with  water  as 
a  vehicle,  they  are  prone  to  fermentation,  and  are  accordingly  unsta- 
ble. A  possible  exception  to  this  rule  is  the  compound  mixture  of 
glycyrrhiza;  but  even  this  popular  remedy  should  not  be  made  in 
too  large  a  quantity. 

TABLE  OF  OFFICIAL  MIXTURES 

Process.  Galenic  Preparations.  Chemical  Preparation. 

All  by  simple  admix-      Chalk  mixture.  Compound  iron  mix- 

ture, ture. 

Compound  mixture  of 

glycyrrhiza. 
Mixture    of    rhubarb 
and  soda. 

SPECIAL  NOTES  ON  OFFICIAL  MIXTURES 

MISTURA   CRETiE.     Chalk   Mixture. 

Recipe. — Compound  Chalk  Powder,  twenty  grammes 20  Gm. 

Cinnamon  Water,  forty  cubic  centimeters 40  Cc. 

Water,  a  sufficient  quantity, 

To  make  one  hundred  cubic  centimeters .  .  100  Cc. 

Rub  the  Compound  Chalk  Powder  in  a  mortar  with  the  Cinnamon  Water  and 
about  twenty  cubic  centimeters  of  Water  gradually  added,  to  a  uniform  mixture; 
transfer  this  to  a  graduated  vessel,  and  rinse  the  mortar  with  enough  Water  to  make 
the  product  measure  one  hundred  cubic  centimeters.  Mix  the  whole  thoroughly. 
This  preparation  should  be  freshly  made  when  wanted. 
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Remarks. — Chalk  mixture  is  prepared  from  compound  chalk 
powder  (p.  302),  water,  and  cinnamon  water.  The  object  of  diluting 
the  cinnamon  water  is  because  chalk  mixture  is  very  often  adminis- 
tered to  infants,  and  the  amount  of  oil  of  cinnamon  in  the  official 
cinnamon  water  may  be  sufficient  to  cause  an  irritation  of  the  mouth. 
Since  compound  chalk  powder  contains  the  ingredients  that  are  easily 
fermentable, — acacia  and  sugar, — the  mixture  should  be  freshly 
prepared  as  needed  and  dispensed  to  the  patient  in  small  quantities — 
say,  four  ounces  at  a  time.     It  is  useful  in  cases  of  diarrhea. 

Dose. — 16  Cc.  (4  fluidrachms). 

MISTURA  FERRI   COMPOSITA.     Compound  Iron  Mixture. 

This  preparation,  commonly  called  Griffith's  mixture,  depends  for 
its  activity  upon  the  formation  of  ferrous  carbonate  by  a  chemical 
reaction  between  ferrous  sulphate  and  potassium  carbonate,  hence  it 
can  best  be  considered  under  the  iron  salts  in  Part  III. 

MISTURA   GLYCYRRHIZJE   COMPOSITA.     Compound  Mixture  of 

Glycyrrhiza. 

Recipe. — Pure  Extract  of  Glycyrrhiza,  thirty  grammes 30  Gm. 

Syrup,  jijty  cubic  centimeters 50  Cc. 

Acacia,  granulated,  thirty  grammes 30  Gm. 

Camphorated  Tincture  of  Opium,  one  hundred 

and  twenty  cubic  centimeters 120  Cc. 

Wine  of  Antimony,  sixty  cubic  centimeters 60  Cc. 

Spirit  of  Nitrous  Ether,  thirty  cubic  centimeters 30  Cc. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .  1000  Cc. 

Rub  the  Pure  Extract  of  Glycyrrhiza  and  Acacia  in  a  mortar,  with  five  hundred 
cubic  centimeters  of  Water,  until  they  are  dissolved.  Transfer  the  solution  to  a 
graduated  vessel  containing  the  other  ingredients,  and  rinse  the  mortar  with  enough 
Water  to  make  the  product  measure  one  thousand  cubic  centimeters.  Mix  the  whole 
thoroughly. 

Remarks. — This  mixture,  called  brown  mixture,  by  reason  of  its 
color,  is  often  prescribed  in  the  South  under  the  Latin  name  "Mistura 
Fusca" — the  latter  word  being  Latin  for  brown.  One  physician, 
evidently  thinking  the  recipe  was  devised  by  a  man  named  Brown, 
was  known  to  prescribe  it  as  "Mistura  Browni." 

It  might  be  noted  in  passing  that  the  brown  mixture  is  composed 
of  an  official  extract  (glycyrrhiza),  an  official  syrup  (syrup,  U.  S.  P.), 
an  official  gum  (acacia),  an  official  wine  (antimony),  an  official  spirit 
(nitrous  ether),  and  an  official  tincture  (paregoric).  It  is  used  as  a 
simple  remedy  in  coughs,  and  for  this  purpose  it  is  quite  efficient. 

Dose. — 8  Cc.  (2  fluidrachms). 

MISTURA  RHEI  ET  SOD.^.     Mixture  of  Rhubarb  and  Soda. 

Recipe. — Sodium  Bicarbonate,  thirty-five  grammes 35  Gm. 

Fluidextract  of  Rhubarb,  fifteen  cubic  centimeters. .  15  Cc. 

Fluidextract  of  Ipecac,  three  cubic  centimeters 3  Cc. 

Glycerin,  three  hundred  and  fifty  cubic  centimeters. .  350  Cc. 

Spirit  of  Peppermint,  thirty-five  cubic  centimeters ...  35  Cc. 
Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .  1000  Co. 
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Dissolve  the  Sodium  Bicarbonate  in  about  four  hundred  cubic  centimeters  of 
Water.  Then  add  the  Fluidextracts,  the  Glycerin,  and  the  Spirit  of  Peppermint, 
and,  lastly,  enough  Water  to  make  the  product  measure  one  thousand  cubic  centi- 
meters. 

Remarks, — This  preparation,  made  from  the  fluidextracts  of 
rhubarb  and  ipecac,  sodium  bicarbonate,  and  spirit  of  peppermint, 
diluted  with  glycerin  and  water,  is  used  in  some  sections  as  a  remedy 
for  flatulence.     It  does  not,  however,  enjoy  universal  popularity. 

Dose. — 4  Cc.  (1  fluidrachm). 

Doses  of  Official  Mixtures 

4  Cc.  (1  fluidrachm) Mixture  of  rhubarb  and  soda. 

8  Cc.  (2  fluidrachms) Mixture  of  glycyrrhiza  compound. 

16  Cc.  (4  fluidrachms) Mixture  of  chalk  and  iron  compound. 

EMULSIONS 

Emulsions  are  aqueous  preparations  for  internal  use  in  which 
resinous  or  fatty  substances  are  suspended  by  means  of  mucilaginous 
matter.  Like  mixtures,  they  must  be  shaken  before  administration. 
The  ideal  emulsion  is  milk,  in  which  the  fat  (butter)  is  emulsified  by 
an  albuminous  substance,  casein.  In  milk  the  fat-globules  are  more 
finely  divided  than  in  any  artificial  emulsion. 

Emulsions,  like  mixtures,  are  rather  unstable,  and  should  be 
freshly  prepared  when  desired.  This  question  of  freshness  may  be 
extended  to  the  statement  that  no  emulsion  more  than  a  week  old 
should  be  dispensed.  The  proprietary  emulsions  which  are  marketed 
quite  largely  are  invariably  preserved  by  adding  preservatives,  the 
most  innocent  of  which  are  glycerin  or  alcohol. 

In  making  emulsions,  druggists  have  the  opportunity  of  exhibiting 
the  highest  degree  of  pharmaceutic  art,  and  there  is  no  reason  why 
the  pharmacist  should  not  make  all  the  emulsions  he  dispenses, 
except,  of  course,  those  proprietary  brands  specified  by  the  prescriber. 
Reserving  the  discussion  of  the  official  emulsions  until  later,  we  will 
first  consider  the  important  processes  of  emulsification. 

The  emulsion  of  cod  liver  oil  is  the  best  illustration  of  an  emulsion 
of  a  fixed  oil.  It  is  manufactured  by  two  methods, — the  English 
method  and  the  Continental  method, — and  of  these,  the  simplest 
method  of  manufacturing  is  by  the  Continental  method.  The  secret 
of  the  successful  manipulation  by  the  Continental  method  consists 
in  wisely  choosing  the  proportions  of  gum  water  and  oil  employed, 
these  proportions  being:  oil,  4  parts;  water,  2  parts;  and  gum,  1  part; 
or,  to  express  it  in  other  words,  use  twice  as  much  water  as  gum,  and 
twice  as  much  oil  as  water.  The  manipulation  is  fully  explained 
on  p.  1113,  and  consists  of  triturating  the  gum  with  the  oil,  and  then 
adding  the  water  all  at  once,  and  stirring  rapidly  until  the  emulsion 
results.  The  emulsion  nucleus,  as  it  is  called,  can  be  easily  diluted 
with  water,  syrup,  and  flavors  to  the  required  quantity,  it  being  the 
general  custom  in  this  country  to  dispense  the  emulsion  of  cod  liver 
oil  containing  50  per  cent,  of  oil.  The  objection  to  the  50  per  cent, 
acacia  emulsion  is  that  the  resulting  product  is  quite  thick  and 
difl&cult  to  pour  out  from  a  bottle;  and,  moreover,  the  use  of  a  large 
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quantity  of  gum  arable  required  makes  the  emulsion  rather  expensive. 
For  this  reason,  other  gums  have  been  used  besides  gum  arabic,  such 
as  tragacanth,  Irish  moss,  gelatin,  and  dextrin,  and  recipes  for  such 
emulsions  can  be  found  in  the  National  Formulary. 

Powdered  gelatin  has  also  been  used  in  the  manufacture  of  emul- 
sions, and  when  a  combination  of  powdered  gelatin  and  tragacanth 
is  used,  the  emulsion  can  be  made  in  a  bottle  without  the  use  of  a 
mortar.  Powders  for  the  manufacture  of  these  so-called  flask  emul- 
sions were  exploited  a  few  years  since,  and  the  best  known  of  them, 
when  examined  by  the  author,  was  found  to  consist  of  saponin, 
saccharin,  and  a  small  quantity  of  a  gummy  substance.  Neither 
saponin  nor  saccharin  should  be  used  indiscriminately;  it  is  hardly 
necessary  to  state  that  the  pharmacist  should  be  chary  in  employing 
such  substances  in  emulsions.  As  for  flavoring,  various  aromatic 
volatile  oils  are  employed,  the  present  pharmacopoeia  directing  such 
use  of  either  oil  of  gaultheria  or  oil  of  bitter  almond. 

If  an  emulsion  of  castor  oil  is  required,  it  is  made  like  emulsion 
of  cod  liver  oil,  and  the  recipe  for  the  same  can  be  found  in  the  National 
Formulary. 

In  making  emulsions  of  fixed  oils  according  to  the  English  method, 
the  process  consists  of  triturating  gum  with  water,  thus  making  a 
mucilage,  and  adding  a  small  quantity  of  oil,  then  adding  a  little 
water,  and  then  a  little  oil,  and  so  on,  adding  the  oil  and  water  alter- 
nately until  the  emulsions  are  completed.  This  method  of  manu- 
facturing the  emulsions  is  slow  and  uncertain,  and  cannot  be  compared 
in  simplicity  with  the  preparation  of  emulsions  by  the  Continental 
method.  It  has,  however,  the  advantage  that  the  comparatively 
large  amount  of  oil  can  be  emulsified  by  the  addition  of  a  small 
quantity  of  gum;  and  when  a  physician,  therefore,  prescribes  an 
emulsion  containing  less  gum  than  is  required  by  the  method  of 
manufacturing  according  to  the  Continental  method,  the  English 
method  of  emulsification  is  indicated. 

Very  frequently  the  manufacture  of  emulsion  results  in  a  failure, 
and  the  product,  instead  of  being  a  creamy-white  product,  is  an  ugly, 
greasy  mixture.  This  failure  in  making  emulsions  is  what  is  called 
"splitting"  an  emulsion.  Such  a  split  emulsion  can  be  redeemed 
by  adding  it  gradually  to  a  concentrated  perfect  emulsion,  following 
the  dictum  that  "the  best  emulsifier  is  a  perfect  emulsion." 

Emulsions  of  volatile  oils  can  be  prepared  either  with  gum  arabic 
or  tragacanth,  although  the  latter,  in  the  hands  of  the  author,  gives 
more  satisfactory  results.  The  manufacture  of  a  typical  emulsion 
of  a  volatile  oil  is  found  in  the  process  given  for  making  emulsion  of 
turpentine  (U.  S.  P.),  in  which  recipe  acacia  is  used  as  the  emulsifier. 
The  recipe  can  be  used  for  any  other  volatile  oil  by  substituting  such 
volatile  oil  for  the  oil  of  turpentine  in  the  official  recipe. 

In  all  emulsions  that  we  have  thus  far  considered  the  emulsifying 
agent  is  a  gummy  substance.  Such  emulsions  have  decided  limita- 
tions, however,  the  gum  being  thrown  out  of  the  combination  by  the 
addition  of  alcohol,  glycerin,  or  tincture  of  iron  in  anything  more 
than  in  small  quantities.  For  this  reason  the  best  emulsifying  agent 
is  yolk  of  egg,  and  the  recipe  for  emulsion  of  cod  liver  oil  made  with  a 
yolk  of  egg  as  a  base  is  found  in  the  National  Formulary.     Another 
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egg  emulsion  of  cod  liver  oil  is  one  devised  by  the  author,  which  is 
found  in  Part  VI. 

Extract  of  malt  is  also  a  valuable  emulsifying  agent,  and  the 
recipe  for  an  emulsion  made  in  this  way  is  as  follows:  Extract  of  malt, 
1  part;  triturate  with  cod  liver  oil,  4  parts;  then  add  syrup  of  wild 
cherry,  2  parts,  and  sherry  wine,  1  part. 


Fig.  166. — Emulsion  machine. 


Casein  has  also  been  suggested  as  an  emulsifying  agent,  it  being 
the  emulsifier  in  the  ideal  emulsion,  milk.  In  the  writer's  hands, 
however,  the  commercial  casein  has  never  yielded  satisfactory  results, 
nor  has  he  been  any  more  fortunate  when  using  condensed  milk, 
which  has  been  suggested  as  an  emulsifying  agent.  In  working  up 
large  quantities  of  emulsions,  a  power  machine  is  frequently  advis- 
able.    Such  a  machine,  operating  by  hand,  is  shown  in  Fig.  166. 

TABLE  OF  OFFICIAL  EMULSIONS 

(All  Galenic) 

Gum-resin  emulsion Emulsion  of  asafetida. 

Fixed  oil  emulsions Emulsion  of  almond. 

Emulsion  of  chloroform. 

Emulsion  of  cod  liver  oil. 

Emulsion  of  cod  liver  oil  with  hypophosphites. 
Volatile  oil  emulsion Emulsion  of  oil  of  turpentine. 

SPECIAL  NOTES  ON  OFFICIAL  EMULSIONS 

EMULSUM   AMYGDALiE.     Emulsion  of  Almond. 

Recipe. — Sweet  Almond,  sixty  grammes 60  Gm. 

Acacia,  in  fine  powder,  ten  grammes 10  Gm. 

Sugar,  thirty  grammes 30  Gm. 

Water,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters . .  1000  Co. 

Having  blanched  the  Almond,  add  the  Acacia  and  Sugar,  and  beat  them  in  a 
mortar  until  they  are  thoroughly  mixed.      Then  rub  the  mass  with  nine  hundred 


OFFICIAL  LIQUIDS   CONTAINING   UNDISSOLVED   MATTER  269 

cubic  centimeters  of  Water,  at  first  very  gradually  added,  until  a  uniform  mixture 
results.  Strain  this  into  a  graduated  vessel,  and  wash  the  mortar  and  strainer 
with  enough  Water  to  make  the  product  measure  one  thousand  cubic  centimeters.  Mix 
the  whole  thoroughly.     This  Emulsion  should  be  freshly  prepared  when  required. 

Remarks. — While  this  is  grouped  in  the  foregoing  table  as  a  fixed 
oil  emulsion,  we  make  it  from  sweet  almond  (seeds),  emulsifying  the 
oil  existing  therein  with  gum  arable.  The  proteids  of  the  almond 
seed  also  assist  in  the  emulsification.  Note  that  the  almonds  must 
be  blanched  (p.  735). 

The  emulsion  of  almonds  are  also  known  as  milk  of  almonds,  and 
is  used  as  a  pleasant  vehicle  in  medicine,  although  its  use  in  this 
country  is  rather  limited. 

Dose. — 120  Cc.  (4  fluidounces). 

EMULSUM   ASAFCETTDJE.    Emulsion  of  Asafetida. 

Recipe. — Asafetida,  in  selected  tears,  forty  grammes 40  Gtn. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .    1000  Cc. 

Rub  the  Asafetida  in  a  mortar,  with  nine  hundred  cubic  centimeters  of  Water, 
at  first  very  gradually  added,  until  a  uniform  emulsion  results.  Then  strain  the 
mixture  into  a  graduated  vessel,  and  rinse  the  mortar  and  strainer  with  enough 
Water  to  make  the  product  measure  one  thousand  cubic  centimeters.  Mix  the  whole 
thoroughly. 

Remarks. — Asafetida,  as  explained  on  p.  856,  is  a  gum-resin;  it 
consists  of  a  water-insoluble  resin  and  a  water-soluble  gum.  If  we 
rub  asafetida  with  water,  the  gum,  on  dissolving,  will  emulsify  the 
resin,  and  a  milky  mixture,  familiarly  called  milk  of  asafetida,  results. 

In  making  this  emulsion  the  whole  drug  asafetida  is  placed  in  a 
mortar  and  triturated  with  water  until  the  emulsion  results.  Under 
no  circumstances  should  the  powdered  drug  be  used,  since  the  prepara- 
tion owes  its  activity  to  volatile  oils,  and  in  getting  the  drug  brittle 
enough  to  powder  it  is  necessary  to  dry  it  by  heat,  and  this  results 
in  driving  off  an  appreciable  quantity  of  the  oils.  In  order  to  make  a 
good  emulsion  the  best  quality  of  asafetida  (tears)  should  be  em- 
ployed. 

The  exceedingly  unpleasant  and  persistent  odor  of  asafetida  has 
led  to  methods  of  preparing  the  emulsion  in  some  way  other  than  of 
triturating  the  drug  in  a  mortar,  for  removing  the  odor  from  the 
mortar  after  making  the  emulsion  is  a  matter  of  difficulty.  Moreover, 
since  emulsion  of  asafetida  should  be  freshly  prepared,  it  means  that 
each  time  a  small  quantity  of  the  emulsion  is  called  for  it  is  necessary 
to  use  the  mortar,  with  the  result  of  keeping  it  in  a  continuous  state 
of  malodorousness.  One  method  in  vogue  among  certain  druggists 
for  making  this  emulsion — by  diluting  the  tincture  of  asafetida  with 
water — is  nothing  short  of  criminal,  and  under  no  circumstances 
should  it  be  followed. 

A  less  worthy  method,  but  one  which  gives  fairly  good  results, 
is  by  preparing  a  glycerite  of  asafetida  by  gently  warming  the  gum- 
resin  with  glycerin,  and  thus  obtaining  a  preparation  eight  times 
stronger  than  the  emulsion.  In  preparing  the  emulsion  from  this 
glycerite  one  drachm  of  the  glycerite  is  taken  and  diluted  with  seven 
drachms  of  water.     The  chief  objection  to  the  manufacture  of  gly- 
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cerite  of  asafetida  is  the  uncertainty  that  the  drachm  of  the  glycerite 
will  contain  the  full  active  amount  of  asafetida  required  for  an  ounce 
of  the  full-strength  finished  product. 

After  all,  the  only  safe  way  is  the  official  method,  and  as  an 
illustration  of  financial  advantage  of  being  "faithful  in  small  things" 
may  be  cited  the  case  of  a  pharmacist  who  built  up  a  large  prescription 
business  from  comparatively  small  beginnings  by  calling  the  attention 
of  physicians  in  his  city  to  the  fact  that  he  made  this  emulsion,  as 
well  as  other  pharmacopoeial  staples,  "just  right." 

The  disagreeable  odor  clinging  to  the  utensils  used  in  preparing 
this  emulsion  may  be  combated  in  two  ways. 

Best  of  all  is  it  to  have  a  special  mortar  for  asafetida  and  other 
evil-smelling  drugs.  If  that  is  not  feasible,  the  mortar  can  be  freed 
from  odor  by  igniting  a  small  amount  of  alcohol  (say  one  to  two 
fluidrachms)  in  the  mortar,  and  triturating  the  burning  liquid  with 
pestle  until  it  is  burned  out.  It  is  needless  to  say  that  the  pestle 
handle  must  be  fitted  with  plaster-of-Paris  cement  and  not  with  shellac 
(p.  114),  for  the  latter  cement  would  be  softened  by  the  heat  of  burning 
alcohol  and  the  handle  become  loose.  Moreover,  this  method  must 
be  cautiously  employed,  as  the  sudden  heat  sometimes  cracks  the 
mortar.  The  same  method  is  of  value  in  removing  the  odor  of  iodo- 
form from  a  mortar. 

Dose. — 16  Cc.  (4  fluidrachms). 

EMULSUM   AMMONIACI  (U.  S.  P.  1890).     Emulsion  of  Ammoniac. 

This  oflBcial  of  the  pharmacopcBia  of  1890,  dropped  in  the  last 
revision,  is  a  4  per  cent,  emulsion  of  the  gum-resin,  ammoniac,  made 
by  triturating  the  drug,  in  tears,  with  water. 

EMULSUM   CHLOROFORMI.     Emulsion  of  Chloroform. 

Recipe. — Chloroform,  ^orty  cubic  centimeters 40  Cc. 

Expressed  Oil  of  Almond,  sixty  cubic  centimeters ...  60  Cc. 

Tragacanth,  in  very  fine  powder,  ten  grammes 10  Gm. 

■    Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .  1000  Cc. 

Introduce  the  Tragacanth  into  a  perfectly  dry  bottle  of  sufficient  capacity, 
add  the  Chloroform,  and  shake  the  bottle  thoroughly,  so  that  every  part  of  the  surface 
may  become  wetted.  Then  add  about  two  hundred  and  fifty  cuinc  centimeters  of 
Water,  and  incorporate  it  by  vigorous  shaking.  Next  add  the  Expressed  Oil  of 
Almond,  in  several  portions,  shaking  after  each  addition,  and  when  the  Oil  has  been 
thoroughly  emulsified,  add  enough  Water,  in  divided  portions,  shaking  after  each 
addition,  to  make  the  product  measure  one  thousand  cubic  centimeters. 

Remarks. — In  making  this  emulsion,  tragacanth  is  the  emulsifying 
agent,  the  chloroform  being  assisted  to  minute  subdivision  by  means 
of  expressed  oil  of  almond,  which  also  aids  in  making  the  emulsion 
permanent.  Note  that  this  is  one  of  the  so-called  "flask  emulsions," 
being  made  by  shaking  the  ingredients  in  a  bottle,  saving  the  soiling 
of  a  mortar.  Another  official  flask  emulsion  is  emulsion  of  oil  of 
turpentine,  and  it  might  be  added  that  all  emulsions  of  volatile  oils 
can  be  so  made.  Emulsions  of  fixed  oils  and  of  gum-resins,  on  the 
other  hand,  should  always  be  made  in  a  mortar. 

Dose. — 8  Cc.  (2  fluidrachms).. 
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EMULSUM   OLEI   MORRHU^.     Emulsion  of  Cod  Liver  Oil. 

Recipe. — Cod  Liver  Oil,  five  hundred  cubic  centimeters 500  Cc. 

Acacia,  in  fine  powder,  one  hundred  and  twenty-five 

grammes 125  Gm. 

Syrup,  one  hundred  cubic  centimeters 100  Cc. 

Oil  of  Gaultheria,  four  cubic  centimeters 4  Cc. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .  1000  Cc. 

Rub  the  Acacia  with  the  Cod  Liver  Oil  in  a  dry  mortar  until  uniformly  mixed, 
then  add  at  once  two  hundred  and  fifty  cubic  centimeters  of  Water  and  triturate 
lightly  and  rapidly  until  a  thick  homogeneous  emulsion  is  produced;  to  this  add  the 
Oil  of  Gaultheria  and  the  Syrup,  with  enough  Water  to  make  the  product  measure 
one  thousand  cubic  centimeters,  and  mix  thoroughly. 

Note. — The  Oil  of  Gaultheria  may  be  replaced,  if  desired,  by  a  suitable  quantity 
of  Oil  of  Bitter  Almond  or  other  suitable  flavoring. 

Remarks. — Every  detail  of  manipulation  of  this  valuable  prepara- 
tion will  be  found  in  Part  VI. 
Dose. — 8  Cc.  (2  fluidrachms) . 

EMULSUM  OLEI  MORRHU^  CUM  HYPOPHOSPHITIBUS. 
Emulsion  of  Cod  Liver  Oil  with  Hypophosphites. 

Recipe. — Like  recipe  for  emulsion  of  cod  liver  oil,  except  that  10 
Gm.  calcium  hypophosphite,  5  Gm.  sodium  hypophosphite,  and  5  Gm. 
potassium  hypophosphite  are  dissolved  in  100  Cc.  water  and  mixed 
with  syrup,  and  then  with  the  emulsion  nucleus  produced  by  triturat- 
ing 500  Cc.  oil,  250  Cc.  water,  and  125  Gm.  acacia. 

Remarks. — This  is  the  popular  "cod  liver  oil  with  hypophosphites" 
so  largely  prescribed  for  wasting  diseases. 

Dose. — 8  Cc.  (2  fluidrachms). 

EMULSUM  OLEI  TEREBINTHINiE.     Emulsion  of  OU  of  Tur- 
pentine. 

Recipe. — Rectified  Oil  of  Turpentine,  fifteen  cubic  centi- 
meters   15  Cc. 

Expressed  Oil  of  Almond,  five  cubic  centimeters 5  Cc. 

Syrup,  twenty-five  cubic  centimeters 25  Cc. 

Acacia,  in  fine  powder,  fifteen  grammes 15  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  hundred  cubic  centimeters. .  100  Cc. 

Introduce  the  Acacia  into  a  perfectly  dry  bottle  of  sufficient  capacity,  add  the 
Rectified  Oil  of  Turpentine  and  the  Expressed  Oil  of  Almond,  and  shake  the  bottle 
thoroughly.  Then  add  about  thirty  cubic  centimeters  of  Water  and  incorporate  it  by 
vigorous  shaking.  When  the  Oil  has  been  completely  emulsified,  add  first  the  Syrup, 
in  several  portions,  shaking  after  each  addition,  and  then  enough  Water,  in  divided 
portions,  snaking  after  each  addition,  to  make  the  product  measure  one  hundred 
cubic  centimeters. 

Remarks. — Every  detail  of  manipulation  of  this  recipe  will  be 
given  in  Part  VI.  Note  that  it  contains  15  per  cent,  oil  of  turpentine, 
and  the  rectified  oil  at  that.  Note  that  a  small  amount  of  expressed 
oil  of  almond  is  added  to  facilitate  emulsification. 

Dose. — 4  Cc.  (1  fluidrachm). 
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Doses  of  Official  Emulsions 

4  Cc.  (1  fluidrachm) Emulsion  of  oil  of  turpentine. 

8  Cc.  (2  fluidrachms) Emulsions  of  chloroform,  cod  liver  oil,  and 

cod  liver  oil  with  hypophosphites. 

16  Cc.  (4  fluidrachms) Emulsion  of  asafetida. 

120  Cc.  (4  fluidounces) Emulsion  of  almond. 

LINIMENTS 

Liniments  are  liquid  preparations  for  external  use,  applied  by 
friction.  Not  all  official  liniments  contain  insoluble  matter,  for,  as 
shown  in  the  table  of  preparations  (p.  166),  some  are  clear  alcoholic 
solutions;  in  fact,  but  two  of  the  official  liniments — ammonia  and 
lime  liniments — are  opaque.  But  since  some  of  the  rest  are  alcoholic 
solutions, — such  as  soap  liniment, — and  some  are  clear  oleaginous 
solutions, — such  as  camphor  liniment, — and  one  is  a  more  or  less 
transparent  semisolid  mass, — turpentine  liniment, — there  seems  no 
definite  basis  of  pharmaceutic  grouping  of  liniments,  hence  they  were 
left  under  "liquids  containing  insoluble  matter,"  to  be  the  last  class 
of  pharmaceutic  liquids  to  be  discussed. 

TABLE  OF  OFFICIAL  LINIMENTS 

Consistence.  Basis.      '  Galenic  Prepara-  Chemical  Prepara- 

tions, tions. 

jS    f  Alcohol.  Soap  liniment. 

n^o^  i-  ,  •  j„  2  J  Soft  soap  liniment. 

Oiear  liquias.  j  <  g^^^  Hniment.  Chloroform  liniment. 

<    I  Fluidextract.  Belladonna  liniment. 

nv,„^„^  i;^„;jo         ^    f  Cotton  seed  oil.        Camphor  liniment. 

Opaque  liqmds.        o    I  ^^^^^^  ^^^^  ^.^  ^  Ammonia  liniment. 

Qo™;„„i;  J  i  I  Linseed  oil.  Lime  liniment, 

oemisoua.  |   [  Oil  of  turpentine.     Turpentine  liniment. 

SPECIAL  NOTES  ON  OFFICIAL  LINIMENTS 

LINIMENTUM   AMMONIiE.     Ammonia   Liniment. 

Recipe. — This  preparation,  commonly  called  hartshorn  liniment,  or 
volatile  liniment,  is  a  variety  of  soap,  and  will,  therefore,  be  considered 
among  the  soaps  (Part  IV.). 

LINIMENTUM   BELLADONNiE.     Liniment  of  Belladonna. 

Recipe. — Camphor,  fifty  grammes 50  Gm. 

Fluidextract   of   Belladonna    Root,    a   sufficient 
quantity, 

To  make  one  thousand  cubic  centimeters. .   1000  Cc. 

Dissolve  the  Camphor  in  about  eight  hundred  cubic  centimeters  of  the  Fluidextract, 
and  then  add  enough  of  the  latter  to  make  the  product  measure  one  thousand  cubic 
centimeters.     Mix  thoroughly. 

Remarks. — This  consists  of  the  fluidextract  of  belladonna  in  which 
5  per  cent,  of  camphor  is  dissolved. 

LINIMENTUM   CALCIS.     Lime  Liniment. 

This  liniment  (Carron  oil)  is  a  variety  of  lime  soap,  and  will, 
therefore,  be  discussed  in  Part  IV. 
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LINIMENTUM   CAMPHORiE.     Camphor   Liniment. 

Recipe. — Camphor,  in  coarse  powder,  two  hundred  grammes. . .     200  Gm. 

Cotton  Seed  Oil,  eight  hundred  grammes 800  Gm. 

To  make  one  thousand  grammes.  .   1000  Gm. 

Introduce  the  Camphor  and  the  Cotton  Seed  Oil  into  a  suitable  flask,  and  apply 
a  gentle  heat,  by  means  of  a  water-bath,  loosely  stoppering  the  flask  during  the 
operation.     Agitate  the  flask  occasionally  until  the  Camphor  is  dissolved. 

Remarks. — This  liniment,  which  is  commonly  called  camphorated 
oil,  is  made  by  dissolving  200  Gm.  of  camphor  in  800  Gm.  of  cotton 
seed  oil.  In  preparing  this  liniment  the  pharmacist  should  be  very 
careful  in  choosing  a  winter-strained  cotton  seed  oil,  that  is,  an  oil 
that  has  been  filtered  during  the  cold  weather,  and,  therefore,  is  freed 
from  dissolved  solid  matter.  If  the  so-called  summer-strained  oil 
is  used  in  making  such  a  liniment,  on  the  first  subjection  to  cold  the 
liniment  will  become  cloudy,  and  will  scarcely  reflect  credit  upon  the 
pharmacist  from  whom  it  was  bought. 

LINIMENTUM   CHLOROFORMI.     Chloroform  Liniment. 

Recipe. — Chloroform,  three  hundred  cubic  centimeters 300  Cc. 

Soap  Liniment,  seven  hundred  cubic  centimeters  ....  700  Cc. 

To  make  one  thousand  cubic  centimeters .  .  1000  Cc. 
Mix  them  by  agitation. 

Remarks. — This  liniment  is  made  by  mixing  700  Cc.  soap  liniment 
and  300  Cc.  chloroform,  and  is  one  of  the  most  valuable  of  penetrating 
liniments. 

LINIMENTUM  SAPONIS.     Soap  Liniment. 

Recipe. — Soap,  dried  and  granulated,  sixty  grammes 60  Gm. 

Camphor,  in  small  pieces,  forty-five  grammes 45  Gm. 

Oil  of  Rosemary,  ten  cubic  centimeters 10  Cc. 

Alcohol,  seven  hundred  and  twenty-five  cubic  centi- 
meters   725  Cc. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .  1000  Cc. 

Add  the  Soap  to  two  hundred  cubic  centimeters  of  boiling  Water,  heat  the  mixture 
on  a  water-bath  until  a  clear  gelatinous  mass  results.  Mix  this,  while  yet  warm, 
with  five  hundred  cubic  centimeters  of  Alcohol,  and  stir  it  until  solution  is  effected. 
Dissolve  the  Camphor  and  Oil  of  Rosemary  in  two  hundred  and  twenty-five  cubic 
centimeters  of  the  Alcohol  by  agitation  in  a  bottle;  add  this  solution  to  the  warm 
Soap  mixture;  mix  thoroughly,  and,  if  necessary,  add  enough  Water  to  make  the 
product  measure  one  thousand  cubic  centimeters.  Set  it  aside  in  a  cool  place  for  twenty- 
four  hours,  then  filter. 

Remarks. — Soap  liniment  is  the  base  of  chloroform  liniment,  and 
is  used  quite  largely  for  the  extemporaneous  preparation  of  a  number 
of  liniments.  Thus  it  is  used  in  preparing  a  liniment  of  quinine, 
which,  when  applied  by  friction  to  children,  produces  the  physiologic 
effects  of  quinine  without  it  being  taken  in  by  the  mouth. 

Soap  liniment  is  sometimes  called  liquid  opodeldoc,  the  original 
being  a  preparation  similar  to  the  official  soap  liniment,  but  containing 
enough  soap  to  render  it  solid  at  ordinary  temperatures.  When  the 
solid  opodeldoc  is  warmed  gently,  it  liquefies.  A  recipe  for  solid 
opodeldoc  is  found  in  the  National  Formulary. 

18 
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LINIMENTUM  SAPONIS  MOLLIS.     Liniment  of  Soft  Soap. 

Recipe. — Soft  Soap,  six  hundred  and  fifty  grammes 650  Gm. 

Oil  of  Lavender  Flowers,  twenty  cubic  centimeters. .  20  Cc. 
Alcohol,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters .  .  1000  Cc. 

Mix  the  Oil  of  Lavender  Flowers  with  three  hundred  cubic  centimeters  of  Alcohol, 
dissolve  in  this  the  Soft  Soap  by  stirring  or  agitation,  and  set  the  solution  aside  for 
twenty-foiu-  hours.  Then  filter  it  through  paper,  adding  sufficient  Alcohol  to  make 
the  product  measure  one  thousand  cubic  centimeters. 

.  Remarks. — This  was  called  tincture  of  green  soap  in  the  pharma- 
copoeia of  1880,  and  is  prepared  by  dissolving  soft  soap  (65  per  cent.) 
in  alcohol  and  flavoring  with  oil  of  lavender.  It  is  used  almost 
exclusively  as  an  application  to  the  scalp,  and  is,  therefore,  the  basis 
of  a  number  of  hair-tonics. 

LINIMENTUM   TEREBINTHINiE.     Turpentine  Liniment. 

Recipe. — Rosin  Cerate,  six  hundred  and  fifty  grammes 650  Gm. 

Oil  of  Turpentine,  three  hundred  and  fifty  grammes. .     350  Gm. 
To  make  one  thousand  grammes . .   1000  Gm. 

Dissolve  the  Rosin  Cerate,  previously  melted  in  a  dish  on  a  water-bath,  in  the 
Oil  of  Turpentine,  and  mix  them  thoroughly. 

Remarks. — This  is  the  only  official  liniment  made  with  oil  of 
turpentine  as  a  base.  It  consists  of  resin  cerate  thinned  with  the 
volatile  oil,  and  is  a  semisolid  mass  that  should  be  dispensed  in  an 
ointment  jar. 

Doses  of  Liniments. — As  all  liniments  are  used  externally,  no  doses 
are  given. 


CHAPTER  XVII 

EXTRACTS,  ABSTRACTS,  RESINS 

These  three  classes  of  preparations  include  the  only  solid  phar- 
maceuticals prepared  by  percolation. 

EXTRACTS 

Extracts  are  solid  or  semisolid  preparations  of  the  soluble  and 
active  principles  of  drugs  prepared  by  percolation  of  the  drug  with 
the  appropriate  menstruum  and  evaporation  of  the  percolate. 

The  menstruum  employed  varies  as  much  as  that  directed  for 
fluidextracts,  being  alcoholic,  hydro-alcoholic,  aqueous,  alcoholic  and 
alkaline,  or  alcoholic  and  acid.  Besides  extracts  so  prepared,  nine  of 
the  extracts  of  the  present  pharmacopoeia  are  made  by  evaporating 
the  fluidextract. 

A  special  form  of  extracts,  called  inspissated  juices,  are  popular  in 
England,  but  have  no  representative  in  the  present  pharmacopoeia 
of  the  tlnited  States.  They  were,  however,  represented  in  the 
pharmacopoeia  of  1880  by  the  then  official  extract  of  taraxacum. 
The  present  official  extract  of  taraxacum  is  not  an  inspissated  juice, 
but  is  prepared  by  percolation  of  the  drug  with  hydro-alcoholic  men- 
struum. Extract  of  taraxacum  (U.  S.  P.  1890)  was  scarcely  a  fair 
type  of  the  inspissated  juices,  the  most  prominent  of  these  being  the 
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dried  juices  from  the  leaves  of  plants,  and,  therefore,  containing 
chlorophyl.  Such  inspissated  juices  are  prepared  by  bruising  fresh 
leaves  or  herbs  in  a  stone  mortar,  pouring  off  the  greenish  liquid, 
and  allowing  it  to  stand  over  night.  The  liquid  is  then  strained 
through  calico,  thereby  separating  the  chlorophyl;  the  strained  liquid 
is  heated  to  200°  F.,  which  coagulates  the  albumin  present,  and  this 
is  removed  by  straining.  The  clear  liquid  is  then  evaporated  to  a 
thin  extract,  to  which  is  added  the  chlorophyl,  and  the  whole  mixture 
is  evaporated  until  it  is  of  pilular  consistence.  Were  the  plant-juices 
evaporated  to  extract  directly  on  separating  from  the  plant,  the 
delicate  chlorophyl  would  be  quickly  decomposed  and  a  brown 
extract  would  result. 

By  first  removing  the  chlorophyl  and  evaporating  the  mixture 
to  a  thin  extract,  the  chlorophyl  is  preserved.  When  added  just  as 
the  extract  is  reaching  pilular  consistence,  it  has  the  effect  of  giving 
to  it  an  agreeable  green  color. 

Such  inspissated  juices,  as  of  aconite,  belladonna,  and  hyos- 
cyamus,  are  very  popular  in  England,  but  are  scarcely  used  in  this 
country,  and  it  should  be  borne  in  mind  that  these  English 
"extracts"  are  much  weaker  than  are  the  official  American  extracts. 


TABLE  OF  OFFICIAL  EXTRACTS 

(All  Galenic) 

Process.  Preparation. 

Percolation  with  evaporation: 
Menstruum, 

Ai^^u^i  TT  o  T)  /  Extract  of  Indian  cannabis. 

Alcohol,  U.  S.  P I  Extract  of  physostigma. 

WatCT  ^1000  C?"  } Extract  of  belladonna  leaves. 

Diluted  Alcohol:  Extract  of  colocynth. 

Alcohol,  1000  Cc.  \  t7^™„+  r.t  ^,„^+ 

Water,  400  Cc.    •  } ^^^^^^^  °^  ^'^g^*' 

Alcohol,  125  Cc.    \  . . .  /  Extract  of  cascara  sagrada. 
Water,  875  Cc.      J  I  Extract  of  taraxacum. 

^'' wJte?:  lloS  S:    } Extract  of  colchicum  corm. 

Acetic  acid,    500  Cc.   )  tti  x      x    r 

Water,  1300  Cc.     ] E^*''^^*  "^  °^^  ^°"^'«^- 

Ammonia  water,  150  Cc.  "I        tp  *      j.    f    i  u- 

Water,  3000  Cc.         /•  •  •  ^^^^^^^  ^^  glycyrrhiza,  pure. 

(Extract  of  gentian. 
Extract  of  krameria. 
Extract  of  quassia. 
Evaporation  of  the  fluidextract:     Extract  of  cimicifuga. 

Extract  of  digitalis. 
Extract  of  euonymus. 
Extract  of  hyoscyamus. 
Extract  of  leptandra. 
Extract  of  rhubarb. 
Extract  of  scopola. 
Extract  of  stramonium. 
Extract  of  sumbul. 
Evaporation  of  infusion  or  Extract  of  aloes. 

decoction:  Extract  of  hematoxylon. 

Extract  of  malt. 
Extract  of  opium. 
A  commercial  product:  Extract  of  glycyrrhiza. 

A  compound  extract:  Extract  of  colocynth,  compound. 


Consistence. 


Soft. 
Powdered. 

Soft. 

Powdered. 

Soft. 

Powdered. 
Soft. 

Soft. 
Powdered. 

Soft. 

Soft. 
Powdered. 
Powdered. 
Powdered. 

Soft. 
Powdered. 

Soft. 
Powdered. 

Soft. 


Powdered. 

Soft. 
Powdered. 
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Of  these  28  extracts,  13  are  powdered,  while  15  are  soft,  the  last 
class  including  those  of  pilular  consistence;  one  thin  as  honey  (extract 
of  malt);  and  one  almost  brittle  (extract  of  glycyrrhiza). 

Two  are  alcoholic — that  is,  made  with  alcohol,  U.  S.  P.,  as  men- 
struum (3,  if  extract  of  cimicifuga,  made  by  evaporating  the  fluid- 
extract,  is  included);  5  are  hydro-alcoholic  (13,  if  those  made  by 
evaporating  the  fluidextract  are  included) ;  7  are  aqueous,  that  is,  made 
by  evaporating  the  watery  percolate,  infusion,  or  decoction;  2  are 
acetic;  that  is,  made  by  extracting  drug  wth  a  diluted  acetic  acid; 
and  one  is  made  by  extracting  drug  with  water  containing  ammonia. 

Taking  up  the  several  methods  of  preparing  extracts  outlined 
in  the  table  just  given,  a  few  words  of  general  explanation  of  each 
process  may  be  in  place  at  this  time,  leaving,  of  course,  minutiae  for 
consideration  under  Special  Notes. 

In  the  process  of  percolation  with  evaporation,  when  the  menstruum 
is  hydro-alcoholic,  the  drug  is  percolated  with  the  official  menstruum, 
the  first  portion  of  the  percolate  (usually  representing  in  cubic  centi- 
meters 90  per  cent,  of  the  weight  in  grammes  of  the  drug)  is  put  aside 
as  a  reserve  portion.  The  remainder  of  the  percolate  is  evaporated 
at  a  low  temperature  to  a  very  small  bulk.  With  this  the  reserve 
portion  is  mixed,  and  the  mass  evaporated  to  pilular  consistence. 

The  manufacture  of  extracts  by  this  process  is  one  portion  of 
pharmaceutic  manufacturing  which  cannot  be  done  as  well  by  the 
retail  pharmacist  as  by  the  large  manufacturer.  In  order  to  success- 
fully evaporate  the  extract  at  a  low  temperature — say,  50°  C. — 
it  is  necessary  that  a  vacuum  apparatus  be  employed,  and  the  cost 
of  such  an  apparatus  precludes  its  use  by  the  retail  pharmacist. 

In  other  cases  where  alcoholic  menstruum  is  employed,  none  of 
the  percolate  is  set  aside  as  reserved  portion,  but  the  entire  percolate 
is  directly  evaporated.  This  is  the  case  where  alcohol,  U.  S.  P.,  is 
the  menstruum,  or  where  the  constituents  of  the  drug  are  not  easily 
injured  by  heat.  Likewise,  if  the  menstruum  is  water  or  a  diluted 
acetic  acid,  there  is  no  reserve  portion,  but  the  entire  percolate  is 
evaporated. 

The  process  of  evaporation  of  the  fluidextract,  which  was  recognized 
in  the  pharmacopoeia  of  1890  in  only  one  case  (extract  of  ergot),  but 
which  constitutes  the  official  recipe  in  nine  extracts  of  the  present 
pharmacopoeia,  is  really  a  modification  of  the  process  of  percolation 
with  evaporation;  since  the  fluidextracts,  themselves  prepared  by 
percolation  and  possibly  partial  evaporation,  are  in  the  recipe  evapo- 
rated. One  point  regarding  this  process  worthy  of  note  is  that  six 
of  the  extracts  so  prepared  are  directed  to  be  of  pilular  consistence, 
while  three  are  to  be  powdered  extracts,  and  that  these  powdered 
extracts  are  prepared  by  incorporation  of  enough  powdered  glycyr- 
rhiza to  make  the  extract  dry  and  pulverulent.  In  passing,  it  might 
be  stated  that  the  pharmacopoeia  (Introduction,  p.  Hi)  permits  use 
of  exhausted  marc  of  the  drug  instead  of  powdered  glycyrrhiza. 

The  process  of  evaporation  of  infusion  or  decoction  simply  consists 
of  extracting  the  drug  with  water — either  by  infusion  or  decoction — 
and  evaporation  of  the  watery  solution  either  to  pilular  consistence 
or  by  finishing  of  the  product  as  a  powdered  extract.  As  mentioned 
above,  extracts  are  made  pulverulent  by  addition  of  some  inert  pow- 
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der.  Glycyrrhiza  is  frequently  the  diluent,  but  in  many  cases,  as 
in  extract  of  opium,  sugar  of  milk  is  employed.  Usually  enough 
diluent  is  added  to  make  the  product  of  definite  strength.  Of  this, 
mention  will  be  made  when  we  consider  strength  of  extracts. 

In  many  respects  soft  extracts  are  the  least  satisfactory  of  all 
the  official  preparations.  Thus  the  phrase,  ''evaporate  to  pilular 
consistence,"  is  rather  vague,  and  the  strength  of  the  finished  product 
is  apt  to  be  uncertain;  not  only  when  first  made,  but  also  because, 
on  standing,  the  strength  is  apt  to  change  by  loss  of  some  of  the  water 
the  extract  contains,  the  extract  becoming  hard  and  dry. 

To  prevent  this,  the  pharmacopoeia  permits  the  addition,  when 
necessary,  of  10  per  cent,  of  glycerin  to  the  extract  which  is  to  be 
kept  of  a  pilular  consistence. 

A  second  factor  in  the  uncertainty  of  the  pilular  extracts  is  the 
amount  of  extractive  which  is  contained  therein.  By  the  word  "ex- 
tractive "  is  meant  the  soluble  and  inert  constituents  naturally  resid- 
ing in  drugs,  grouped,  in  most  text-books  of  materia  medica,  as  gums, 
starches,  and  sugars.  These  constituents  are  practically  useless 
from  a  therapeutic  standpoint,  and  could  they  be  eliminated,  the 
extract  would  be  much  stronger.  The  question  of  the  quantity  of 
the  extractive  found  in  the  extracts  depends  entirely  on  the  menstruum 
employed,  one  containing  a  large  amount  of  water  yielding  a  larger 
amount  of  extract  than  those  of  a  strongly  alcoholic  nature. 

The  question  of  the  appropriate  menstruum  for  extracting  the 
full  strength  of  the  drug  without  excess  of  inert  matter  has  been 
carefully  studied  by  the  Committee  on  Revision  of  the  Pharmacopoeia, 
and  the  menstruum  directed  by  that  standard  is  the  one  yielding  the 
most  satisfactory  results.  This  menstruum  should,  therefore,  be 
strictly  followed.  Yet  there  have  been  known  unscrupulous  manu- 
facturers who  deliberately  deviate  from  the  pharmacopoeial  men- 
struum, adding  more  water  than  directed  by  that  standard,  in  order 
that  large  amounts  of  extract  may  be  obtained.  In  such  cases,  of 
course,  an  increased  yield  means  a  diminution  in  the  active  strength 
of  the  extract,  and  it  behooves  the  pharmacist  to  purchase  extracts 
only  from  those  manufacturers  who  are  known  to  be  reliable. 

Among  the  many  constituents  which  are  included  in  the  word 
"extractive"  are  the  mineral  salts,  found  naturally  existing  in  drugs, 
such  as  potassium  chloride  and  sulphate.  From  many  moist  extracts 
on  standing  the  salts  crystallize,  and  such  extracts,  when  rubbed  up 
in  making  an  ointment,  are  frequently  found  to  be  gritty.  Whether 
the  grittiness  of  such  extracts  is  due  to  crystals  or  to  the  accidental 
mixture  of  fragments  of  glass  in  the  container,  can  be  proved  by  adding 
a  few  drops  of  water  and  rubbing  with  an  ointment  spatula.  Should 
the  grittiness  dissolve,  it  shows  that  it  was  due  to  these  natural  salts; 
whereas  if  the  grittiness  remains  after  trituration,  fragments  of  glass 
are  indicated. 

A  third  disadvantage  in  the  use  of  soft  extracts  is  purely  pharma- 
ceutic, and  that  is  the  inconvenience  in  handling  a  semisolid  mass. 
Extracts,  especially  those  of  potent  drugs,  are  frequently  prescribed 
in  small  quantities,  say  from  i  to  ^  grain.  To  weigh  out  the  soft 
extracts  it  is  necessary  that  the  i  to  ^  grain  be  weighed  on  a  piece 
of  paper,  and  by  the  time  the  quantity  is  scraped  off  the  paper  and 
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off  the  spatula,  there  is  frequently  very  little  of  the  extract  transferred 
to  the  medicine.  It  is  hardly  necessary  to  say  that  in  weighing  such 
extracts  the  quantity  should  be  transferred  to  the  paper  from  the 
container  by  means  of  a  perfectly  clean  spatula,  and  the  spatula 
cleaned  before  transferring  the  weighed  portion  of  the  extract  into  the 
mortar  or  other  mixture  with  which  it  is  to  be  combined.  If  the 
surface  of  paper  on  which  the  extract  is  to  be  weighed  is  moistened 
before  "taring,"  the  extract  will  not  stick  so  closely.  Still  better 
is  it  to  use  oiled  paper  or  parchment  paper. 

A  fourth  inconvenience  connected  with  soft  extracts  is  the  uncer- 
tainty of  the  dosage  of  the  extract,  due  to  the  uncertainty  of  the 
strength  of  this  extract.  The  variability  of  the  extract-strength  is 
of  a  twofold  character:  first,  different  drugs  yield  vastly  differing 
quantities  of  extracts.  Thus,  gum  opium  yields  about  half  its  weight 
of  soft  extract;  extract  of  belladonna  and  extract  of  hyoscyamus 
yield  about  one-fifth  their  weight  of  extracts,  while  extract  of  nux 
vomica  is  about  ten  times  stronger  than  the  drug  from  which  it  is 
obtained. 

Hence  it  is  seen  that  different  drugs  yield  vastly  different  quan- 
tities of  extract;  not  only  this,  but,  worst  of  all,  different  batches  of 
the  same  drug  yield  different  quantities  of  extract;  a  very  important 
factor  in  quality  of  drugs  being  the  soil  on  which  they  have  been 
raised,  and  particularly  the  season  in  which  they  are  collected. 

Therefore  at  their  best  soft  extracts  are  inconvenient  and  unre- 
liable, and  the  revision  committee  did  well  in  directing  that  so  many 
of  the  extracts  of  the  present  pharmacopoeia  be  powdered  and  of 
definite  strength,  and  that  the  extracts  from  potent  drugs  be  assayed. 

Strength  of  Extracts. — As  just  mentioned,  many  of  the  extracts 
of  the  present  pharmacopoeia  are  directed  to  be  of  definite  strength. 
A  list  of  these  standardized  extracts  is  here  given: 


Name. 


OFFICIAL  ASSAYED  SOFT  EXTRACTS 

Assayed  standard. 


Extract  of  belladonna  1.4  per  cent,  mydri- 

leaves.  atic  alkaloids. 

Extract   of   colchicum  1.4  per  cent,  colchi- 

corm.  cine. 

Extract    of     hyoscya-  0.3  per  cent,  mydri- 

mus.  atic  alkaloids. 

Extract  of  scopola.  2.0  per  cent,  mydri- 
atic alkaloids. 

Extract     of     stramo-  1.0  per  cent,  mydria- 

nium.  tic  alkaloids. 


Percentage  of 
extract   to   driig. 
400 

400 

about  400 

400 

285 


Diluent  used. 
Sugar  of  milk. 


Name. 


OFFICIAL  ASSAYED  POWDERED  EXTRACTS 

Assayed  standard. 


Extract  of  nux  vomica.  5  per  cent,  strych- 
nine. 

Extract  of  opium.  20    per    cent,    mor- 

phine. 


Extract    of    physos- 
tigma. 


2    per    cent,    ether- 
soluble  alkaloids. 


Percentage     of 
extract  to  drug. 
400 

about  200  of  moist 
or  160  of  pow- 
dered. 

1333 


Diluent  used. 
Sugar  of  milk. 


Powdered  gly- 
cyrrhiza. 
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OFFICIAL  STANDARDIZED  POWDERED  EXTRACTS 


Extract 

grada 

Extract 

Extract 

Extract 

Extract 


Name. 

of  cascara  sa- 
of  cimicifuga. 
of  euonymus. 
of  leptandra.  • 
of  quassia. 


Standard. 

250  Gm.  from  1000 

Gm.  drug. 
25  Gm.  from  100  Co. 

fluidextract. 
25  Gm.  from  100  Cc. 

fluidextract. 
25  Gm.  from  100  Cc. 

fluidextract. 
100  Gm.  from  1000 

Gm.  drug. 


Percentage     of 

extract  to  drug. 

400 

400 

400 

400 

1000 


Diluent  used. 

Powdered  gly- 

cyrrhiza. 
Powdered  gly- 

cyrrhiza. 
Powdered  gly- 

cyrrhiza. 
Powdered  gly- 

cyrrhiza. 
Sugar  of  milk. 


OFFICIAL  STANDARDIZED  SOFT  EXTRACTS 

Name.  Standard.  Percentage       of         Diluent  tised. 

extract  to  drug. 
Extract  of  ergot.  125  Gm.  from  1000  800  Glycerin. 

Gm.  drug. 

The  preservation  of  extracts  should  be  a  matter  of  more  concern 
than  is  usually  given  the  subject  in  the  retail  pharmacy.  Soft 
extracts  should  be  kept  covered  sufficiently  tight  to  prevent  undue 
evaporation;  since  this  causes  them  to  become  hard,  dry  lumps. 
A  capital  way  of  keeping  extracts  is  by  placing  the  original  containers 
in  which  they  are  obtained  from  the  manufacturer  in  special  extract 
jars,  and  thus  each  extract  is  protected  from  the  dust. 

Powdered  extracts — especially  those  diluted  with  sugar  of  milk — 
should  be  kept  in  well-stoppered  bottles  in  a  dry  place.  In  contact 
with  moist  air  they  absorb  moisture  and  become  sticky  masses. 

In  such  cases  desiccation  and  subsequent  pulverization  will  restore 
the  extract  to  its  original  form. 

Commercial  extracts — usually  prepared  by  evaporation  in  a 
copper  vacuum  pan — are  frequently  contaminated  with  copper.  This 
can  be  detected  by  sticking  a  bright  steel  spatula  into  the  jar  of  sus- 
pected extract  and  allowing  it  to  remain  over  night.  If  copper  is 
present,  a  coating  of  the  metal  will  be  found  on  the  spatula  in  the 
morning. 

SPECIAL  NOTES  ON  OFFICIAL  EXTRACTS 

EXTRACTUM  ALOES.     Extract  of  Aloes. 

Recipe. — Aloes,  one  hundred  grammes 100  Gm. 

Boiling  Water,  one  </ioMsand  cubic  centimeters 1000  Cc. 

Mix  the  Aloes  with  the  Boiling  Water  in  a  suitable  vessel,  stirring  constantly 
until  the  particles  of  Aloes  are  thoroughly  disintegrated,  and  allow  the  mixture 
to  stand  for  twelve  hours;  then  pour  off  the  clear  liquid,  strain  the  residue,  and 
evaporate  the  mixed  liquids  to  dryness  with  the  aid  of  a  water-bath  or  steam-bath. 

Remarks. — This  extract  is  prepared  by  evaporating  an  aqueous 
infusion  of  aloes  to  dryness. 

Dose. — 125  milligrammes  (2  grains). 

EXTRACTUM   BELLADONNiE   FOLIORUM.     Extract  of  Bella- 
donna Leaves. 

Recipe. — Belladonna  Leaves,  in  No.  60  powder,  one  thoxi- 

sand  grammes 1000  Gm. 

Alcohol, 

Water,  each,  a  sufficient  quantity. 


280  PRINCIPLES  OF  PHARMACY 

Mix  two  thousand  cubic  centimeters  of  Alcohol  with  one  thousand  cubic  centimeters 
of  Water,  and,  having  moistened  the  powder  with  four  hundred  cubic  centimeters  of 
the  mixture,  pack  it  firmly  in  a  cylindrical  percolator;  then  add  enough  menstruum 
to  saturate  the  powder  and  leave  a  stratum  above  it.  When  the  liquid  begins  to 
drop  from  the  percolator,  close  the  lower  orifice,  and,  having  closely  covered  the 
percolator,  macerate  for  forty-eight  hours.  Then  allow  the  percolation  to  proceed, 
gradually  adding  menstruum,  using  the  same  proportions  of  Alcohol  and  Water 
as  before,  until  three  thousand  cubic  centimeters  of  tincture  are  obtained,  or  the  Bella- 
donna Leaves  are  exhausted.  Reserve  the  first  nine  hundred  cubic  centimeters  of 
the  percolate,  evaporate  the  remainder,  at  a  temperature  not  exceeding  50°  C. 
(122°  F.),  to  one  hundred  cubic  centimeters,  mix  the  residue  with  the  reserved  portion, 
and  evaporate  at  or  below  the  above-mentioned  temperature  to  a  pilular  consistence. 

When  assayed.  Extract  of  Belladonna  Leaves  should  contain  1.4  per  cent,  of 
mydriatic  alkaloids.  If  the  Extract  should  be  found  by  the  assay  to  contain  more 
than  this  percentage,  sufficient  powdered  sugar  of  milk  should  be  added  to  reduce 
it  to  the  standard  of  1.4  per  cent. 

Remarks. — The  above  recipe  is  typical  of  those  fluidextracts 
prepared  by  percolation,  of  the  drug  with  hydro-alcoholic  menstruum, 
reserving  a  certain  portion  of  the  percolate,  evaporation  of  the  rest 
of  the  percolate,  eventually  adding  the  reserved  portion,  and  finally 
assaying  the  finished  product,  using  sugar  of  milk  as  a  diluent  if 
necessary.     For  Assay,  see  Chapter  LV. 

This  extract  was  called  by  the  pharmacopoeia  of  1890  alcoholic 
extract  of  belladonna  leaves,  to  differentiate  it  from  the  English  extract 
of  belladonna  leaves,  which,  as  mentioned  above,  is  an  inspissated 
juice,  the  strength  of  which  is  much  weaker  than  the  official  extract. 

This  extract  is  a  constituent  of  the  official  ointment  of  belladonna^ 
of  compound  laxative  pills,  and  of  pills  of  podophyllum,  belladonna^ 
and  capsicum. 

Dose. — 10  milligrammes  (  3^  grain), 

EXTRACTUM   CANNABIS   INDICiE.     Extract  of  Indian  Cannabis. 

Recipe. — Indian  Cannabis,  in  No.  20  powder,  one  thousand 

grammes 1000  Gm. 

Alcohol,  a  sufficient  quantity. 

Moisten  the  powder  with  three  hundred  cubic  centimeters  of  Alcohol,  and  pack  it 
firmly  in  a  cylindrical  percolator;  then  add  enough  Alcohol  to  saturate  the  powder 
and  leave  a  stratum  above  it.  When  the  liquid  begins  to  drop  from  the  percolator, 
close  the  lower  orifice,  and,  having  closely  covered  the  percolator,  macerate  for  forty- 
eight  hours.  Then  allow  the  percolation  to  proceed,  gradually  adding  Alcohol, 
until  the  Indian  Cannabis  is  exhausted.  Distil  off  the  Alcohol  from  the  percolate 
by  means  of  a  water-bath,  and  evaporate  the  residue,  in  a  porcelain  dish,  on  a  water- 
bath,  to  a  pilular  consistence. 

Remarks. — This  recipe  differs  from  that  for  extract  of  belladonna 
leaves  in  omitting  reserve  portion  of  percolate  and  in  directing  dis- 
tillation of  alcohol  from  the  percolate  and  evaporation  on  water-bath 
to  pilular  consistence,  without  regard  to  definite  strength. 

Dose. — 10  milligrammes  (i  grain). 

EXTRACTUM  CIMICIFUG^.     Extract  of  Cimicifuga. 

Recipe. — Fluidextract   of   Cimicifuga,   one  hundred  cubic 

centimeters 100  Cc. 

Glycyrrhiza  (peeled,  Russian),  in  No.  80  powder, 
a  sufficient  quantity, 

To  make  twenty-five  grammes. .       25  Gm. 


» 


» 


EXTRACTS,   ABSTRACTS,   RESINS  281 

Evaporate  the  Fluidextract  of  Cimicifuga  in  a  porcelain  dish,  by  means  of  a 
water-bath,  at  a  temperature  not  exceeding  70°  C.  (158°  F.),  with  constant  stirring, 
to  complete  dryness.  Reduce  the  product  to  a  fine  powder  and  add  enough  pow- 
dered Glycyrrhiza  to  make  the  fimshed  Extract  weigh  twenty-five  grammes.  Mix 
thoroughly. 

Remarks. — This  recipe  is  typical  of  those  official  fluidextracts 
prepared  by  evaporating  the  fluidextract  and  adding  enough  powdered 
glycyrrhiza  to  make  finished  product  pulverulent  and  of  definite 
strength. 

Dose. — 250  milligrammes  (4  grains). 

EXTRACTUM   COLCHICI  CORMI.     Extract  of  Colchicum  Conn. 

Recipe. — Colchicum  Conn,  in  No.  60  powder,  one  thousand 

grammes 1000  Gm. 

Acetic  Acid,  three  hundred  and  fifty  cubic  centimeters .     350  Cc. 
Water,  a  sufficient  quantity. 

Mix  the  Acetic  Acid  with  fifteen  hundred  cubic  centimeters  of  Water,  and,  having 
moistened  the  powder  with  five  hundred  cubic  centimeters  of  the  mixture,  pack  it 
moderately  in  a  cylindrical  glass  percolator;  then  add  enough  menstruum  to  saturate 
the  powder  and  leave  a  stratum  above  it.  When  the  Uquid  begins  to  drop  from  the 
percolator,  close  the  lower  orifice,  and,  having  closely  covered  the  percolator,  macer- 
ate for  forty-eight  hours.  Then  allow  the  percolation  to  proceed,  gradually  adding, 
first,  the  remainder  of  the  menstruum,  and  then  Water,  until  the  Colchicum  Corm 
is  exhausted.  Evaporate  the  percolate  in  a  porcelain  vessel,  by  means  of  a  water- 
bath,  at  a  temperature  not  exceeding  80°  C.  (176°  F.),  to  a  pilular  consistence. 

When  assayed.  Extract  of  Colchicum  Corm  should  contain  1.4  percent,  of  col- 
chicine. If  the  Extract  should  be  found  by  assay  to  contain  more  than  this  per- 
centage, sufficient  powdered  sugar  of  milk  should  be  added  to  reduce  it  to  the 
standard  of  1.4  per  cent. 

Remarks. — This  is  the  first  recipe  for  an  acetic  extract,  and  differs 
from  that  for  extract  of  Indian  cannabis  in  the  fact  that  the  men- 
struum is  not  the  same  throughout — first  acetic  acid  and  M^ater;  then 
water  alone.  Note  that  it  is  assayed  for  colchicine,  the  details  of 
Assay  being  given  in  Chapter  LV. 

Dose. — 65  milligrammes  (1  grain). 

EXTRACTUM   COLOCYNTHIDIS.     Extract  of  Colocynth. 

Recipe. — Colocynth,   freed   from   the   seeds,   one  thousand 

grammes 1000  Gm. 

Diluted  Alcohol,  a  sufficient  quantity. 

Reduce  the  Colocynth  to  a  coarse  powder  by  grinding  or  bruising,  and  macerate 
it  in  thirty-five  hundred  cubic  centimeters  of  Diluted  Alcohol  for  four  days,  with  occa- 
sional stirring;  then  express  strongly,  and  strain  through  flannel.  Pack  the  residue, 
previously  broken  up  with  the  hands,  firmly  in  a  cylindrical  percolator,  cover  it  with 
the  strainer,  and  gradually  pour  Diluted  Alcohol  upon  it  until  the  tincture  and 
expressed  liquid,  mixed  together,  measure  five  thousand  cubic  centimeters.  Distil 
off  the  Alcohol  from  the  mixture  by  means  of  a  water-bath,  evaporate  the  residue 
to  dryness,  and  reduce  the  dry  mass  to  powder. 

Extract  of  Colocynth  should  be  kept  in  well-stoppered  bottles. 

Remarks. — In  this  recipe  the  drug  is  first  extracted  by  maceration 
and  expression,  then  by  percolation,  the  mixed  liquids  being  evapo- 
rated to  dryness.  The  extract  is  used  in  preparing  compound  extract 
of  colocynth  (U.  S.  P.). 

Dose. — 30  milligrammes  (i  grain). 
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EXTRACTUM  COLOCYNTHIDIS  COMPOSITUM.     Compound 
Extract   of   Colocynth. 

Recipe. — Extract    of    Colocynth,  one   hundred   and   sixty 

grammes 160  Gm. 

Purified  Aloes,  five  hundred  grammes 500  Gm. 

Cardamom,  in  No.  60  powder,  sixty  grammes 60  Gm. 

Resin  of  Scammony,  in  fine  powder,  one  hundred 

and  forty  grammes 140  Gm. 

Soap,  dried,  and  in  coarse  powder,  one  hundred  and 

forty  grammes 140  Gm. 

Alcohol,  one  hundred  cubic  centimeters 100  Cc. 

Heat  the  Purified  Aloes,  contained  in  a  suitable  vessel,  on  a  water-bath,  until 
it  is  completely  melted;  then  add  the  Alcohol,  Soap,  Extract  of  Colocynth,  and 
Resin  of  Scammony,  and  heat  the  mixture  at  a  temperature  not  exceeding  120°  C. 
(248°  F.),  until  it  is  perfectly  homogeneous,  and  a  thread  taken  from  the  mass 
becomes  brittle  when  cool.  Then  withdraw  the  heat,  thoroughly  incorporate  the 
Cardamom  with  the  mixture,  and  cover  the  vessel  until  the  contents  are  cold. 
Finally,  reduce  the  product  to  a  fine  powder. 

Compound  Extract  of  Colocynth  should  be  kept  in  well-stoppered  bottles. 

Remarks. — This,  the  only  official  compound  extract,  is  prepared 
by  blending  extract  of  colocynth  with  aloes,  cardamom,  resin  of 
iscammony,  and  soap. 

This  extract  contains  soap,  partly  to  increase  the  purgative 
properties,  but  chiefly  in  order  that  the  finished  product  can  be 
worked  into  the  pill-mass  by  the  addition  of  water.  This  explains 
why,  in  making  compound  cathartic  pills,  water  can  be  used  as 
excipient,  the  real  excipient  in  this  case  being  the  soap  contained  in 
the  compound  extract  of  colocynth.  Used  in  compound  cathartic 
pills  (U.  S.  P.)  and  in  vegetable  cathartic  pills  (U.  S.  P.). 

Dose. — 500  milligrammes  (7^  grains). 

EXTRACTUM   DIGITALIS.     Extract  of  Digitalis. 

Recipe. — Fluidextract  of  Digitalis,  one  hundred  cubic  centi-  ^ 

meters 100  Co. 

Evaporate  the  Fluidextract  of  Digitalis  in  a  porcelain  dish,  by  means  of  a  water- 
bath,  at  a  temperature  not  exceeding  50°  C.  (122°  F.),  with  constant  stirring,  until 
it  is  reduced  to  a  pilular  consistence. 

Remarks. — This  recipe — evaporation  of  the  fluidextract — differs 
from  that  for  extract  of  cimicifuga  in  requiring  the  finished  extract 
to  be  of  pilular  consistence,  instead  of  in  pulverulent  form. 

Dose. — 10  milligrammes  {\  grain). 

EXTRACTUM   ERGOTJE.     Extract  of  Ergot. 

Recipe. — Ergot,  in  No.  40  powder,  one  thousand  grammes 1000.0  Gm. 

Diluted  Hydrochloric  Acid,  fifty  grammes. 50.0  Gm. 

Monohydrated  Sodium  Carbonate,  eight  and  one- 
half  grammes 8.5  Gm. 

Glycerin,  twelve  and  one-half  grammes 12.5  Gm. 

Alcohol, 

Water,  each,  a  sufficient  quantity, 

To  vaSike  one  hundred  and  twenty-five  grammes .  .     125.0  Gm. 

Mix  one  thousand  cubic  centimeters  of  Alcohol  with  four  hundred  cubic  centimeters 
of  Water,  and,  having  moistened  the  powder  with  five  hundred  cubic  centimeters  of 
the  mixture,  pack  it  firmly  in  a  cylindrical  percolator;  then  add  sufficient  menstruum 
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to  saturate  the  powder  and  leave  a  stratum  above  it.  When  the  liquid  begins  to 
drop  from  the  percolator,  close  the  lower  orifice,  and,  having  closely  covered  the 
percolator,  macerate  for  forty-eight  hours.  Then  allow  the  percolation  to  proceed, 
gradually  adding  menstruum,  usmg  the  same  proportions  of  Alcohol  and  Water  as 
before,  until  the  Ergot  is  exhausted.  Evaporate  the  percolate  in  a  porcelain  dish, 
by  means  of  a  water-bath,  at  a  temperature  not  exceeding  50°  C.  (122°  F.),  to  two 
hundred  and  fifty  grammes;  add  two  hundred  and  fifty  cubic  centimeters  of  Water,  and 
stir;  filter  when  cold,  rinse  the  dish  with  a  little  Water,  and  add  this  to  the  filter. 
Add  the  Diluted  Hydrochloric  Acid  to  the  filtrate;  then  set  it  aside  for  twenty-four 
hours;  filter,  wash  the  contents  of  the  filter  with  Water  until  the  washings  no  longer 
have  an  acid  reaction,  and  add  the  washings  to  the  filtrate.  To  this,  add  gradually 
the  Monohydrated  Sodium  Carbonate,  and,  when  the  evolution  of  carbon  dioxide 
has  ceased,  evaporate  the  liquid  in  a  tared  dish  until  it  weighs  one  hundred  and  fifty 
grammes;  add  the  Glycerin,  and  continue  the  evaporation,  at  the  above-named 
temperature,  until  the  weight  of  the  Extract  is  reduced  to  one  hundred  and  twenty- 
five  grammes. 

Remarks. — This  extract,  like  that  of  belladonna  leaves  and  of 
Indian  cannabis,  is  prepared  by  percolation  of  the  drug  and  evapora- 
tion of  the  percolate.  There  is,  however,  a  marked  difference  at  this 
point,  by  the  special  treatment  of  the  partially  evaporated  percolate 
with  hydrochloric  acid,  which  precipitates  the  inert  albumin  and  holds 
in  solution  the  active  cornutine.  The  filtered  liquid  is  then  neutralized 
with  sodium  carbonate,  evaporated,  and  preserved  in  plastic  form  by 
addition  of  10  per  cent,  glycerin. 

Dose. — 250  milligrammes  (4  grains). 

EXTRACTUM   EUONYMI.     Extract  of  Euonymus. 

Recipe. — Made  by  evaporation  of  100  Cc.  of  the  fluidextract  to 
25  Gm.  of  dried  powdered  extract,  exactly  as  in  making  extract  of 
■cimicifuga. 

Dose. — 125  milligrammes  (2  grains). 

EXTRACTUM  GENTIANS.     Extract  of  Gentian. 

Recipe. — Gentian,  in  No.  20  powder,  one  thousand  grammes .    1000  Gm. 
Water,  a  sufficient  quantity. 

Moisten  the  powder  with  four  hundred  cubic  centimeters  of  Water,  and  let  it 
macerate  for  twenty-four  hours;  then  pack  it  in  a  conical  percolator,  and  gradually 
pour  Water  upon  it  until  the  infusion  passes  but  slightly  imbued  with  the  properties 
of  the  Gentian.  Reduce  the  Uquid  to  three-fourths  of  its  bulk  by  boiling,  and 
strain;  then,  by  means  of  a  water-bath,  evaporate  to  a  pilular  consistence. 

Remarks. — Made  by  the  evaporation  of  the  aqueous  percolate 
from  gentian,  this  liquid  being  strained  after  boiling  to  three-fourths 
its  original  bulk,  and  then  evaporated  to  pilular  consistence.  ^  The 
use  of  the  extract  as  a  pill  excipient,  so  popular  in  the  South,  is  not 
to  be  recommended  from  the  medical  point  of  view  (p.  315). 

Dose. — 250  milligrammes  (4  grains). 

EXTRACTUM   GLYCYRRHIZ^.     Extract  of  Glycyrrhiza. 

The  commercial  extract  of  the  root  of  Glycyrrhiza  glabra  Linn6,  or  of  Glycyrrhiza 
^landuiifera  Waldstein  and  Kitaibel  (Fam.  Leguminosce) . 

In  flattened  cylindrical  rolls,  from  15  to  18  Cm.  long,  and  from  15  to  30  Mm. 
thick  ;  of  a  glossy  black  color.  It  breaks  with  a  sharp,  conchoidal,  shining  fracture, 
and  has  a  very  sweet,  peculiar  taste.  Not  less  than  60  per  cent,  of  it  should  be 
soluble  in  cold  water. 
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Manufacture. — Prepared  on  a  large  scale  in  Italy  by  evaporating 
a  strained  aqueous  infusion  in  vacuum  pans,  and  rolling  the  extract 
while  still  soft  into  sticks. 

Remarks. — This  extract  is  the  commercial  product  known  as 
"stick  licorice."  Samples  found  in  the  market  are  frequently  adul- 
terated with  starch  and  other  soluble  matter;  hence  the  pharmacopoeial 
requirement  that  at  least  60  per  cent,  be  soluble  in  cold  water. 

Dose. — 1  Gm.  (15  grains). 

EXTRACTUM   GLYCYRRHIZ^   PURUM.     Pure  Extract  of 

Glycyrrhiza. 

Recipe. — Glycyrrhiza,  peeled,  in  No.  20  powder,  one  thcmsand 

grammes 1000  Gm. 

Ammonia  Water,  one  hundred  and  fifty  cubic  centi- 
meters      150  Cc. 

Glycerin, 

Water,  each,  a  sufficient  quantity. 

Mix  the  Ammonia  Water  with  three  thousand  cubic  centimeters  of  Water,  and,, 
having  moistened  the  powder  with  one  thousand  cubic  centimeters  of  the  mixture, 
allow  it  to  macerate  in  a  closed  vessel  for  twenty-four  hours.  Then  pack  it  mod- 
erately in  a  cylindrical  glass  percolator,  and  gradually  pour  upon  it,  first  the 
remainder  of  the  menstruum,  and  then  Water,  until  the  Glycyrrhiza  is  exhausted. 
Lastly,  evaporate  the  liquid  in  a  tared  porcelain  dish,  by  means  of  a  water-bath,  ta 
a  pilular  consistence,  and,  while  the  mass  is  still  warm,  incorporate  with  it  5  per  cent, 
of  its  weight  of  Glycerin. 

Remarks. — This  extract  is  prepared  by  percolating  the  drug  with 
ammoniacal  water,  and  is  the  soft  extract  used  in  compound  mixture 
of  glycyrrhiza  (U.  S.  P.).  Note  that  the  commercial  -purified  extract  of 
licorice  is  usually  in  powdered  form,  hence  not  identical  with  the 
official  product. 

It  will  be  remembered  that  ammonia  is  used  in  the  menstrua  of 
most  licorice  preparations,  owing  to  the  fact  that  the  sweet  principle,, 
glycyrrhizin,  is  most  easily  soluble  in  alkaline  fluids. 

Dose. — 1  Gm.  (15  grains). 

EXTRACTUM  H^MATOXYLI.     Extract  of  Hematoxylon. 

Recipe. — Hematoxylon,  rasped,  one  thousand  grammes 1000  Gm. 

Water,  ten  thousand  cubic  centimeters 10000  Cc. 

Macerate  the  Hematoxylon  with  the  Water  for  forty-eight  hours.  Then  boil 
(avoiding  the  use  of  metallic  vessels)  until  one-half  of  the  Water  has  evaporated; 
strain  the  decoction,  while  hot,  and  evaporate  it  to  dryness. 

Remarks. — This  extract  is  similar  to  the  extract  of  logwood  sold 
in  the  stores  for  dyeing  purposes.  It  is  not  identical,  however,  for 
the  extract  used  as  dye  is  prepared  from  wood  which  has  been  allowed 
to  go  through  a  preliminary  fermentation  process,  thereby  improving 
its  tinctorial  properties. 

Dose. — 1  Gm.  (15  grains). 

EXTRACTUM  HYOSCYAMI.     Extract  of  Hyoscyamus. 

Recipe. — Fluidextract  of  Hyoscyamus,  one  hundred  cubic 

centimeters 100  Cc. 
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Evaporate  the  Fluidextract  of  Hyoscyamus  in  a  porcelain  dish,  by  means  of  a 
water-bath,  at  a  temperature  not  exceecling  50°  C.  (122°  F.),  constantly  stirring, 
until  it  is  reduced  to  a  pilular  consistence. 

When  assayed,  Extract  of  Hyoscyamus  should  contain  0.3  per  cent,  of  mydriatic 
alkaloids.  If  the  Extract  should  be  found  by  the  assay  to  contain  more  than  this 
percentage,  sufficient  powdered  sugar  of  milk  should  be  added  to  reduce  it  to  the 
standard  of  0.3  per  cent. 

Remarks. — This  recipe  is  identical  with  that  provided  for  extract 
of  digitalis  except  that  the  resulting  soft  extract  must  be  standardized 
to  contain  0.3  per  cent,  mydriatic  alkaloids,  being  diluted  with  sugar 
of  milk  if  necessary.     (Details  of  assay  given  in  Part  V.) 

This  extract  is  a  constituent  of  the  official  vegetable  cathartic  pills. 

Dose. — 65  milligrammes  (1  grain). 

EXTRACTUM   KRAMERIiE.     Extract  of  Krameria. 

Recipe. — Krameria,  in  No.  40  powder,  one  thoiisand  grammes. .   1000  Gm. 
Water,  a  sufficient  quantity. 

Moisten  the  powder  with  three  hundred  cubic  centimeters  of  Water,  pack  it  in  a 
conical  glass  percolator,  and  gradually  pour  Water  upon  it,  until  the  infusion  passes 
but  slightly  imbued  with  the  astringency  of  the  Krameria.  Heat  the  liquid  to  the 
boiling-point,  strain,  and  evaporate  the  strained  liquid,  by  means  of  a  water-bath, 
at  a  temperature  not  exceeding  70°  C.  (158°  F.),  to  dryness. 

Remarks. — The  recipe  is  quite  similar  to  that  for  extract  of 
gentian,  and  yet  differs  enough  to  require  reproduction  of  the  official 
recipe. 

Dose. — 500  milligrammes  (7^  grains). 

EXTRACTUM  LEPTANDRffi.     Extract  of  Leptandra. 

Recipe. — Made  by  evaporation  of  100  Cc.  of  the  fluidextract  to  25 
Gm.  dried  powdered  extract,  exactly  as  in  making  extract  of  cimicifuga. 
This  extract  is  a  constituent  of  the  official  vegetable  cathartic  pills. 

Dose. — 250  milligrammes  (4  grains). 

EXTRACTUM   MALTI.     Extract  of  Malt. 

Recipe. — Malt,  in  coarse  powder,  not  finer  than  No.  12,  one 

thousand  grammes 1000  Gtn. 

Water,  a  sufficient  quantity. 

Upon  the  powder,  contained  in  a  suitable  vessel,  pour  one  thousand  cubic  centi- 
meters of  Water,  and  macerate  for  six  hours.  Then  add  four  thousand  cubic  centi- 
meters of  Water,  heated  to  about  30°  C.  (86°  F.),  and  digest  for  an  hour  at  a  tem- 
perature not  exceeding  55°  C.  (131°  F.).  Strain  the  mixture  with  strong  expression. 
Finally,  by  means  of  a  water-bath,  or  vacuum  apparatus,  at  a  temperature  not 
exceeding  55°  C.  (131°  F.),  evaporate  the  strained  liquid  rapidly  to  the  consistence 
of  thick  honey. 

Extract  of  Malt  should  be  kept  in  well-closed  vessels,  in  a  cool  place. 

Remarks. — This  popular  extract,  recognized  by  the  pharmacopoeia 
of  1880,  and  omitted  in  the  revision  of  1890,  is  now  once  more  given 
official  recognition.  Bear  in  mind  this  is  the  soft  extract  of  malt, 
not  the  more  or  less  fermented  liquid  extract  of  malt  prepared  by 
brewers. 

Dose. — 16  Cc.  (4  fluidrachms) . 
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EXTRACTUM  NUCIS  VOMICA.     Extract  of  Nux  Vomica. 

Recipe. — Nux   Vomica,   in  No.   20  powder,   one  thousand 

grammes 1000  Gm. 

Acetic  Acid, 

Water, 

Alcohol, 

Sugar  of  Milk,  dried  and  in  fine  powder,  each,  a  sufficient  quantity. 

Mix  -five  hundred  cubic  centimeters  of  Acetic  Acid  with  thirteen  hundred  cubic 
centimeters  of  Water,  and,  having  moistened  the  powder  with  four  hundred  cubic 
centimeters  of  the  mixture,  pack  it  moderately  in  a  cyHndrical  glass  percolator;  then 
add  enough  menstruum  to  saturate  the  powder  and  leave  a  stratum  above  it.  When 
the  liquid  begins  to  drop  from  the  percolator,  close  the  lower  orifice,  and,  having 
closely  covered  the  percolator,  macerate  for  forty-eight  hours.  Then  allow  the  per- 
colation to  proceed  slowly,  gradually  adding,  first,  the  remainder  of  the  menstruum 
and  then  Water,  until  the  percolate  passes  but  faintly  imbued  with  bitterness,  and 
the  Nux  Vomica  is  exhausted.  Reserve  the  first  seven  hundred  and  -fifty  cubic  centi- 
meters of  the  percolate,  and,  having  heated  the  remainder  to  boiling,  filter,  and 
evaporate  the  filtrate  to  a  soft  extract;  dissolve  this  in  the  reserved  portion,  and 
add  enough  Water  to  make  the  liquid  measure  nine  hundred  cubic  centimeters.  To 
the  liquid  thus  obtained  add  three  thousand  cubic  centimeters  of  Alcohol,  shake  the 
mixture  well,  and  set  it  aside  for  twenty-four  hours,  with  occasional  agitation. 
Filter  the  liquid  through  paper,  and  wash  the  residue  in  the  filter  with  a  mixture 
of  Alcohol  three  volumes,  and  Water  one  volume,  until  the  washings  are  only  faintly 
bitter.  Evaporate  the  filtrate  and  washings  in  a  porcelain  dish,  on  a  water-bath, 
to  dryness.  Determine,  by  the  method  given  below,  the  percentage  of  strychnine 
in  the  dry  Extract;  ascertain,  by  calculation,  the  amount  of  strychnine  in  the  re- 
mainder of  the  Extract;  add  to  this  enough  well-dried  Sugar  of  Milk  to  bring  the 
quantity  of  strychnine  in  the  final  dry  Extract  of  Nux  Vomica  to  5  per  cent,  of  the 
total  weight;  and,  when  thoroughly  powdered  and  mixed,  transfer  the  Extract  to 
small,  well-stoppered  vials. 

Extract  of  Nux  Vomica,  when  assayed,  should  be  found  to  contain  5  per  cent, 
of  strychnine. 

Remarks. — The  intricacies  of  the  above  recipe  insure  an  extract 
free  from  fat,  from  albumin,  and  from  much  starch.  In  the  process 
of  1890  the  drug  was  extracted  with  hydro-alcoholic  menstruum, 
the  alcohol  driven  off,  and  the  watery  residue  freed  from  fat  by  shaking 
with  ether.  In  the  present  official  process  the  drug  is  extracted  with 
acetic  acid  and  water,  thus  insuring  a  percolate  free  from  fat.  The 
liquid  does,  however,  contain  albumin  and  starch,  and  these  substances 
are  precipitated  from  the  evaporated  percolate  by  treatment  with 
alcohol.  The  liquid  is  freed  from  the  precipitate  by  filtration,  and 
the  filtrate  evaporated  to  dryness  and  assayed.  Enough  sugar  of 
milk  is  then  mixed  with  the  dried  extract  to  make  a  product  con- 
taining 5  per  cent,  strychnine.     (Details  of  assay  are  given  in  Part  V.) 

Dose. — 15  milligrammes  {\  grain). 

EXTRACTUM   OPII.     Extract  of  Opium. 

Recipe. — Powdered  Opium,  one  hundred  grammes 100  Gm. 

Sugar  of  Milk,  recently  dried  and  in  fine  powder, 
Water,  each,  a  sufficient  quantity. 

Rub  the  Powdered  Opium,  in  a  mortar,  into  a  smooth  paste  with  two  hundred 
and  fifty  cubic  centimeters  of  Water;  then  transfer  to  a  bottle  of  the  capacity  of  one 
thotisarid  cubic  centimeters,  wash  the  mortar  with  seven  hundred  and  fifty  cubic  centi- 
meters of  water  in  successive  portions,  and  add  the  washings  to  the  contents  of  the 
bottle.  Cork  the  bottle,  and  shake  it  vigorously  once  every  two  hours  during 
twelve  hours.  Then  filter  through  a  rapidly  acting,  double  filter,  and  pour  water 
on  the  magma  slowly,  until  the  filtrate  passes  nearly  colorless  and  only  faintly 
bitter. 
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Concentrate  the  filtrate  and  washings  in  a  tared  dish,  on  a  water-bath,  until 
the  contents  weigh  about  two  hundred  grammes,  and  allow  the  Extract  to  become 
cold.  Then  weigh  it  accurately,  transfer  twelve  grammes  to  an  Erlenmeyer  flask 
having  a  capacity  of  about  one  hundred  cvhic  centimeters,  and  determine  in  this  por- 
tion the  amount  of  morphine  by  the  process  of  assay  given  (Chapter  LV.),  using  the 
same  quantities  of  liquids  as  there  directed  for  four  grammes  of  the  dry  Extract. 
In  another  portion  of  five  grammes  determine  the  amoimt  of  water  by  drying  it  in 
a  flat-bottomed  dish,  at  100°  C.  (212°  F.),  until  it  ceases  to  lose  weight.  From  the 
results  thus  obtained,  ascertain  by  calculation  the  amoimt  of  morphine  and  of  water 
contained  in  the  remainder  of  the  Extract,  add  to  this  enough  well  dried  Sugar  of 
Milk  to  bring  the  quantity  of  morphine  in  the  final  dry  Extract  to  20  per  cent.,  then 
evaporate  the  whole  to  dryness,  reduce  it  to  powder,  and  transfer  it  to  small,  well- 
stoppered  vials. 

Remarks. — It  will  be  seen  that  this  extract  is  prepared  by  the 
evaporation  of  an  aqueous  infusion  of  the  drug  and  mixing  the  evap- 
orated liquid  with  enough  milk-sugar  to  make  a  dry  powdered  extract 
containing  20  per  cent,  morphine. 

It  will  be  noticed  that  in  accomplishing  this  result  one  portion  of 
the  moist  extract  is  assayed  for  morphine;  while  the  moisture  is  esti- 
mated in  another  portion,  from  these  figures — percentage  of  morphine 
and  percentage  of  water — can  be  calculated  the  amount  of  sugar  of 
milk  that  must  be  added  to  make  a  20  per  cent,  dried  extract,  affording 
a  good  illustration  of  the  practical  application  of  alligation,  as  shown 
in  the  following  hypothetic  problem: 

Suppose  we  have  an  extract  containing  25  per  cent,  moisture  and  16  per  cent,  of 
morphine;  how  much  sugar  of  milk  must  be  added  to  make  a  drug  extract  containing 
20  per  cent,  morphine?    This  is  solved  as  follows: 

100  Gm.  of  the  moist  extract  contains  25  Gm.  water  and  16  Gm.  morphine. 

Then  75  Gm.  (100  —  25)  of  the  dried  extract  will  contain  16  Gm.  morphine, 
and  100  Gm.  of  the  dried  extract  will  contain  ^f^  X  16,  or  21.33  Gm.  morphine. 

Hence  the  moist  extract  on  drying  will  contain  21.33  per  cent,  morphine. 

To  reduce  this  21.33  per  cent,  extract  to  the  official  20  per  cent,  extract  it  will  be 
necessary  to  add  milk-sugar,  and  the  amount  can  be  solved  by  alligation,  viz.,  to 
reduce  21.33  per  cent,  extract  to  20  per  cent,  extract  we  must  add  to  each  20  Gm. 
extract  enough  milk-sugar  to  make  21.33  Gm.,  or,  in  other  words,  to  each  20  Gm. 
dried  extract  we  must  add  1.33  Gm.  sugar  of  milk.  Then  to  each  75  Gm.  dried 
extract,  or  to  each  100  Gm.  moist  extract  (see  above),  we  must  add  f^  X  1.33  Gm.  or 
5  Gm.  of  milk-sugar.  Therefore,  if  we  mix  each  100  Gm.  moist  extract  with  5  Gm. 
milk-sugar  and  then  dry,  we  will  have  an  extract  containing  20  per  cent,  morphine. 
(Details  of  assay  are  given  in  Part  V.) 

Dose. — 30  milligrammes  {\  grain). 

EXTRACTUM   PHYSOSTIGMATIS.     Extract  of  Physostigma. 
Recipe. — Physostigma^   in   No.    80   powder,    one   thousand 

grammes 1000  Gm. 

Alcohol, 

Glycyrrhiza  (peeled,  Russian),  in  No.  80  powder, 
each,  a  sufficient  quantity. 

Moisten  the  Physostigma  with  four  hundred  cubic  centimeters  of  Alcohol,  and 
pack  it  firmly  in  a  cylindrical  percolator;  then  add  enough  Alcohol  to  saturate  the 
powder  and  leave  a  stratum  above  it.  When  the  liquid  begins  to  drop  from  the 
percolator,  close  the  lower  orifice,  and,  having  closely  covered  the  percolator,  macer- 
ate for  forty-eight  hours.  Then  allow  the  percolation  to  proceed,  gradually  adding 
Alcohol,  until  three  thousand  cubic  centimeters  of  percolate  are  obtained,  or  the 
Physostigma  is  exhausted.  Reserve  the  first  nine  hundred  cubic  centimeters  of  the 
percolate,  and  evaporate  the  remainder,  at  a  temperature  not  exceeding  50°  C. 
(122°  F.),  to  one  hundred  cubic  centimeters;  mix  this  with  the  reserved  portion,  and 
evaporate,    at  or  below  the  above-mentioned  temperature,  on  a  water-bath,  to 
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dryness.  Remove  one  gramme  of  the  Extract,  and  assay  this  by  the  process  given 
in  Chapter  LV.;  from  the  results  thus  obtained,  ascertain  by  calculation  the  amount 
of  ether-soluble  alkaloids  contained  in  the  remainder  of  the  Extract,  add  to  this 
enough  powdered  Glycyrrhiza  to  bring  the  quantity  of  the  alkaloids  in  the  finished 
powdered  Extract  to  2  per  cent.,  reduce  to  powder,  mix  thoroughly,  and  transfer  it 
at  once  to  well-stoppered,  amber-colored  vials. 

Extract  of  Physostigma,  when  assayed,  should  be  found  to  contain.  2  per  cent,  of 
ether-soluble  alkaloids. 

Remarks. — This  extract  is  made  by  percolation  and  evaporation, 
like  extract  of  belladonna,  but  the  result  is  a  powdered  extract, 
enough  powdered  glycyrrhiza  being  added  to  make  the  finished 
product  contain  2  per  cent,  ether-soluble  alkaloids.  (Details  of  assay 
will  be  given  in  Part  V.) 

Dose. — 8  milligrammes  (|  grain). 

EXTRACTUM   QUASSIA.     Extract  of  Quassia. 

Recipe. — ^Quassia,  in  No.  20  powder,  one  thoitsand  grammes.    1000  Gm. 
Water, 

Sugar  of  Milk,  recently  dried  and  in  fine  powder, 
each,  a  sufficient  quantity, 

To  make  one  hundred  grammes . .      100  Gm. 

Moisten  the  Quassia  with  four  hundred  cubic  centimeters  of  Water,  pack  it  firmly 
in  a  conical  percolator,  and  gradually  pour  Water  upon  it  until  the  infusion  passes 
but  slightly  imbued  with  bitterness.  Reduce  the  liquid  to  three-fourths  of  its  bulk 
by  boiling,  and  strain;  then  evaporate,  by  means  of  a  water-bath,  to  dryness  and 
add  enough  Sugar  of  Milk  to  make  the  Extract  weigh  one  hundred  grammes.  Mix 
thoroughly,  reduce  to  fine  powder,  and  transfer  to  well-stoppered  bottles. 

Remarks. — Like  the  official  extracts  of  gentian  and  krameria, 
this  extract  is  prepared  by  percolation  of  drug  with  water  and  evapora- 
tion of  the  aqueous  percolate.  Details  of  manipulation  are  different, 
however,  hence  the  official  recipe  is  reproduced  above. 

Dose. — 65  milligrammes  (1  grain). 

EXTRACTUM   RHAMNI   PURSHIANJE.     Extract  of  Cascara 

Sagrada. 

Recipe. — Cascara  Sagrada,  in  No.  60  powder,  one  thmisand 

grammes 1000  Gm. 

Alcohol, 
Water, 

Glycyrrhiza  (peeled,  Russian),  in  No.  80  powder, 
each,  a  sufficient  quantity, 

To  make  two  hundred  and  fifty  grammes.  .     250  Gm. 

Mix  one  hundred  and  twenty-five  cubic  centimeters  of  Alcohol  with  eight  hundred 
and  seventy-five  cubic  centimeters  of  Water,  and,  having  moistened  the  powder  with 
four  hundred  cubic  centimeters  of  the  mixture,  pack  it  firmly  in  a  cylindrical  percolator; 
then  add  enough  menstruum  to  saturate  the  powder  and  leave  a  stratum  above  it. 
When  the  liquid  begins  to  drop  from  the  percolator,  close  the  lower  orifice,  and, 
having  closely  covered  the  percolator,  macerate  for  forty-eight  hours.  Then  allow 
the  percolation  to  proceed,  gradually  adding  menstruum,  using  the  same  proportions 
of  Alcohol  and  Water  as  before,  until  the  drug  is  exhausted.  Reserve  the  first  eight 
hundred  and  fifty  cubic  centimeters  of  the  percolate,  and  evaporate  the  remainder  on 
a  water-bath,  at  a  temperature  not  exceeding  70°  C.  (158°  F.),  to  the  consistence  of 
syrup.     Mix  this  with  the  reserved  portion,  and  continue  the  evaporation,  at  or 
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below  the  above-mentioned  temperature,  to  dryness.  Reduce  the  Extract  to  fine 
powder,  and  add  enough  powdered  Glycyrrhiza  to  make  the  product  weigh  two 
hundred  and  fifty  grammes.     Mix  thorougmy. 

Remarks. — This  recipe  closely  resembles  that  for  extract  of 
physostigma.  It  differs,  however,  in  strength  of  menstruum,  amount 
of  reserved  portion,  temperature  of  evaporation,  and,  most  important 
of  all,  that  the  drug  extract  is  mixed  with  enough  powdered  glycyrrhiza 
to  make  a  400  per  cent,  product.  In  other  words,  there  is  no  assay 
of  active  constituents,  as  in  the  case  of  extract  of  physostigma. 

Dose. — 250  milligrammes  (4  grains). 

EXTRACTUM   RHEI.     Extract  of  Rhubarb. 

Recipe. — Made  by  evaporating  the  fluidextract  to  pilular  consistence- 
Details  identical  with  those  of  the  recipe  for  extract  of  digitalis. 
Dose. — 250  milligrammes  (4  grains). 

EXTRACTUM   SCOPOLiE.     Extract  of  Scopola. 

Recipe. — Made  by  evaporating  the  fluidextract  to  pilular  consist- 
ence, adding  enough  sugar  of  milk  (if  necessary)  to  make  finished 
product  contain  2  per  cent,  mydriatic  alkaloid.  Details  identical  with 
those  of  recipe  for  extract  of  hyoscyamus. 

Remarks. — Explanation  of  assay  of  the  extract  will  be  given  in 
Part  V. 

Dose. — 10  milligrammes  (}  grain). 

EXTRACTUM   STRAMONII.     Extract  of  Stramonium. 

Recipe. — Identical  with  that  for  extract  of  hyoscyamus,  except  that 
the  finished  product  must  assay  1  per  cent,  mydriatic  alkaloids.  (De- 
tails of  assay  given  in  Part  V.) 

Dose. — 10  milligrammes  (^  grain). 

EXTRACTUM   SUMBUL.     Extract  of  Sumbul. 

Recipe. — Identical  with  that  for  extract  of  digitalis,  except  that  the 
temperature  of  evaporation  to  pilular  consistence  is  put  at  70°  C. 
Dose. — 250  milligrammes  (4  grains). 

EXTRACTUM   TARAXACI.     Extract  of  Taraxacxmi. 

Recipe. — Taraxacum,  in  No.  30  powder,  one  thousand  gram- 
mes     1000  Gm. 

Alcohol, 

Water,  each,  a  sufficient  quantity. 

Mix  one  hundred  and  twenty-five  cubic  centimeters  of  Alcohol  with  eight  hundred 
and  seventy-five  cubic  centimeters  of  Water,  and,  having  moistened  the  powder  with 
two  hundred  and  fifty  cubic  centimeters  of  the  mixture,  pack  it  in  a  cylindrical  per- 
colator; then  add  enough  menstruum  to  saturate  the  powder  and  leave  a  stratum 
above  it.  When  the  liquid  begins  to  drop  from  the  percolator,  close  the  lower  orifice, 
and,  having  closely  covered  the  percolator,  macerate  for  twenty-four  hours.  Then 
allow  the  percolation  to  proceed,  gradually  adding  menstruum,  using  the  same  pro- 
portions of  Alcohol  and  Water  as  before,  until  the  Taraxacum  is  exhausted.  Evaj>- 
orate  the  percolate,  by  means  of  a  water-bath,  to  a  pilular  consistence. 

19 
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Remarks. — While  this  recipe  is  like  to  that  of  the  other  extracts 
prepared  by  percolating  the  drug  with  hydro-alcohol  menstruum  and 
evaporation  of  the  percolate,  it  differs  from  the  others  in  directing 
evaporation  to  pilular  consistence  without  attempt  at  standardization. 

Dose. — 1  Gm.  (15  grains). 

Doses  of  Official  Extracts 

8  milligrammes  (^  grain) Extract  of  physostigma. 

10  milligrammes  (5  grain) Extracts  of  belladonna  leaves,  digitalis,  Indian 

cannabis,  scopola,  and  stramonium. 

15  milligrammes  (J  grain) Extract  of  nux  vomica. 

30  milligrammes  (|  grain) Extracts  of  colocynth  and  opium. 

65  milligrammes  (1  grain) Extracts  of  colchicum  corm,  hyoscyamus,  and 

quassia. 

125  milligrammes  (2  grains) Extracts  of  aloes  and  euonymus. 

250  milligrammes  (4  grains) Extracts  of  cascara  sagrada,  cimicifuga,  ergot, 

gentian,  leptandra,  rhubarb,  and  sumbul. 

500  milligrammes  (7  J  grains) Extracts  of  colocynth  compound  and  krameria. 

1  gramme  (15  grains) Extracts    of     glycyrrhiza,    glycyrrhiza    pure, 

hematoxylon,  and  taraxacum. 

16  cubic  centimeters  (4  fluidrachms). Extract  of  malt. 

ABSTRACTS 

Abstracts  were  a  class  of  preparations  introduced  into  the  pharma- 
copceia  of  1880,  intended  to  supplant  extracts,  they  representing 
powders  containing  the  active  principles  of  drugs  in  the  condensed 
form,  and  of  definite  strength,  prepared  by  percolating  the  drug  with 
the  appropriate  menstruum,  reserving  a  certain  portion,  say,  90  per 
cent,  of  the  weight  of  the  drug,  evaporating  the  weak  percolate  of  the 
drug  to  a  thin  extract,  blending  with  the  reserve  portion  and  also 
with  sugar  of  milk;  evaporating  the  mixture  at  a  low  temperature 
until  dry.  The  mass  was  then  weighed,  and  enough  sugar  of  milk 
added  to  make  the  finished  product  exactly  half  the  weight  of  the 
drug  from  which  it  was  derived.  Such  an  abstract,  therefore,  repre- 
sents twice  the  strength  of  the  drug. 

Abstracts  possess  over  soft  extracts  the  great  advantage  of  being 
in  powdered  form  and  of  definite  and  uniform  strength,  but,  unfor- 
tunately, they  won  little  favor  from  physicians  and  were  dropped  in 
the  revision  of  1890.  Their  advocacy  was  not  in  vain,  however, 
since  in  the  present  pharmacopoeia,  as  already  mentioned  on  p.  278, 
almost  half  of  the  official  extracts  are  in  powdered  form,  14  of  the  28  are 
standardized,  and  of  the  14,  10.  have  been  given  uniform  strength, 
representing  about  400  per  cent,  of  the  drug. 

RESINS 

While  in  the  chemical  sense  resins  are  solid  plant  substances  or 
exudations  usually  acid  in  character,  insoluble  in  water,  and  soluble 
in  water  and  alkali,  the  definition  of  the  pharmaceutic  class — resins — 
are  those  plant  products,  soluble  in  alcohol  and  insoluble  in  water, 
obtained  either  as  the  residue  from  the  distillation  of  an  oleoresin,  or  by 
pouring  a  concentrated  alcoholic  extract  of  a  drug  into  water  or  acidulated 
water.  All  three  official  resins  are  made  by  the  latter  process;  but, 
as  example  of  resins  obtained  by  distillation  of  an  oleoresin,  may  be 
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cited  resin  of  copaiba  (U.  S.  P.  1890)  and  official  rosin.  The  latter, 
however,  can  best  be  considered  as  a  crude  drug,  and  is,  therefore, 
discussed  in  Part  IV. 

SPECIAL  NOTES  ON  OFFICIAL  RESINS 

RESINA  JALAPS.     Resin  of  Jalap. 

Recipe. — Jalap,  in  No.  60  powder,  one  thousand  grammes. . . .   1000  Gm. 
Alcohol, 
Water,  each,  a  sufficient  quantity. 

Moisten  the  powder  with  three  hundred  cubic  centimeters  of  Alcohol,  and  pack  it 
firmly  in  a  cylindrical  percolator;  then  add  enough  Alcohol  to  saturate  the  powder 
and  leave  a  stratum  above  it.  When  the  hquid  begins  to  drop  from  the  percolator, 
close  the  lower  orifice,  and,  having  closely  covered  the  percolator,  macerate  for 
forty-eight  hours.  Then  allow  the  percolation  to  proceed  slowly,  gradually  add- 
ing Alcohol,  imtil  twenty-five  hundred  cubic  centimeters  of  percolate  are  obtained, 
or  until  the  percolate  ceases  to  produce  more  than  a  slight  turbidity  when  dropped 
into  water.  Distil  off  the  Alcohol,  by  means  of  a  water-bath,  until  the  percolate  is 
reduced  in  weight  to  two  hundred  and  fifty  grammes,  and  add  the  latter  slowly,  with 
constant  stirring,  to  three  thousand  cubic  centimeters  of  water.  When  the  precip- 
itate has  subsided,  decant  the  supernatant  liquid,  and  wash  the  precipitate  twice, 
by  decantation,  with  fresh  portions  of  hot  water.  After  having  drained  off  all  the 
liquid,  transfer  the  Resin  to  a  porcelain  dish  and  heat  it  to  dryness  on  a  water-bath. 

Yellow  to  brown  masses  or  fragments,  breaking  with  a  resinous,  glossy  frac- 
ture, translucent  at  the  edges,  or  a  yellowish-gray  to  yellowish-brown  powder, 
having  a  slight,  peculiar  odor,  and  a  somewhat  acrid  taste.  Permanent  in  the 
air.  Soluble  in  alcohol  in  all  proportions;  insoluble  in  carbon  disulphide,  benzene, 
and  fixed  or  volatile  oils.  Its  alcoholic  solution  has  a  faintly  acid  reaction  to  blue 
litmus-paper.  Not  more  than  10  per  cent,  of  Resin  of  Jalap  should  be  soluble  in 
ether,  and  not  more  than  35  per  cent,  in  chloroform. 

Slowly  but  completely  soluble  in  5  times  its  weight  of  ammonia  water;  when  this 
solution  is  acidified  with  hydrochloric  acid,  only  a  slight  turbidity  should  appear 
(absence  of  rosin,  gu^iac,  and  other  resins). 

Resin  of  Jalap  should  not  suffer  any  material  loss  of  weight  when  heated  at 
100°  C.  (212°  F.)  (absence  of  water).  Anhydrous  Resin  of  Jalap  melts  at  about 
150°  C.  (302°  F.). 

Water  triturated  with  Resin  of  Jalap  should  neither  become  colored  nor  dis- 
solve any  portion  of  it  (absence  of  soluble  impurities). 

No  greenish-blue  color  should  be  produced  on  adding  a  few  drops  of  ferric  chloride 
T.S.  to  some  of  the  powder  moistened  with  alcohol  (absence  of  gu^iac). 

One  Gm.  of  Resin  of  Jalap  when  dissolved  in  50  Cc.  of  alcohol  containing  1 
Cc.  of  phenolphthalein  T.S.  should  require  not  more  than  0.5  Cc.  of  half-normal 
alcoholic  potassium  hydroxide  V.S.  to  produce  a  red  color  (limit  of  acid  resins). 

If  to  1  Gm.  of  Resin  of  Jalap,  dissolved  in  50  Cc.  of  alcohol  in  a  flask,  25  Cc. 
of  half-normal  alcoholic  potassium  hydroxide  V.S.  be  added,  and  the  mixture  be 
heated  on  a  water-bath  for  one  hour,  and  if  the  excess  of  alkali  be  titrated  with  half- 
normal  sulphuric  acid  V.S.,  using  5  drops  of  phenolphthalein  T.S.  as  indicator,  at 
least  20  Cc.  of  half-normal  sulphuric  acid  V.S.  should  be  required  (limit  of  saponifiable 
substances). 

Remarks. — The  above  recipe — precipitation  of  resin  from  the 
concentrated  alcoholic  tincture  by  pouring  into  water — needs  no 
special  comment. 

As  most  pharmacists  buy  their  resins  in  the  open  market,  and  as 
some  of  the  commercial  samples  are  rankly  adulterated,  the  pharma- 
copoeia gives  in  the  case  of  all  three  official  pharmaceutic  resins  tests 
for  identity  and  for  detection  of  adulterants.  Whatever  explanation 
of  these  tests  are  needed  will  be  given  under  the  drugs  from  which  the 
resin  is  derived  in  Part  IV.  A  constituent  of  the  official  compound 
cathartic  pills  and  vegetable  cathartic  pills. 

Dose. — 125  milligrammes  (2  grains). 
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RESINA   PODOPHYLLI.     Resin  of  Podophyllum. 

Recipe. — Podophyllum,  in  No.  60  powder,  one  thousand  gram- 
mes      1000  Gm. 

Hydrochloric  Acid,  ten  cubic  centimeters 10  Cc. 

Alcohol, 

Water,  each,  a  sufficient  quantity. 

Moisten  the  powder  with  four  hundred  and  eighty  cubic  centimeters  of  Alcohol, 
and  pack  it  firmly  in  a  cylindrical  percolator;  then  add  enough  Alcohol  to  saturate 
the  powder  and  leave  a  stratum  above  it.  When  the  liquid  begins  to  drop  from  the 
percolator,  close  the  lower  orifice,  and,  having  closely  covered  the  percolator,  macerate 
for  forty-eight  hours.  Then  allow  the  percolation  to  proceed,  gradually  adding 
Alcohol,  until  sixteen  hundred  cubic  centimeters  of  percolate  are  obtained,  or  until  the 
percolate  ceases  to  produce  more  than  a  slight  turbidity  when  dropped  into  water. 
Distil  off  the  Alcohol,  by  means  of  a  water-bath,  until  the  percolate  is  reduced  to 
the  consistence  of  a  thin  syrup,  and  pour  it  slowly,  with  constant  stirring,  into  one 
thousand  cubic  centimeters  of  water,  previously  cooled  to  a  temperature  below  10°  C. 
(50°  F.),  and  mixed  with  the  Hydrochloric  Acid.  When  the  precipitate  has  subsided, 
decant  the  supernatant  liquid,  and  wash  the  precipitate  twice,  by  decantation, 
with  fresh  portions  of  cold  Water.  Spread  it  in  a  thia  layer,  upon  a  strainer,  and 
dry  the  Resin  by  exposure  to  the  air,  in  a  cool  place,  protected  from  the  light.  Should 
it  coalesce  during  the  drying,  or  aggregate  into  lumps  having  a  varnish-like  surface, 
it  should  be  removed,  broken  in  pieces,  and  rubbed  in  a  mortar. 

It  should  be  kept  in  amber-colored,  well-stoppered  vials. 

An  amorphous  powder,  varying  in  color  from  grayish-white  to  pale  greenish- 
yellow,  turning  darker  when  subjected  to  a  heat  exceeding  35°  C.  (95°  F.)  or  when 
exposed  to  light.  It  has  a  slight,  peculiar  odor  and  a  faintly  bitter  taste;  very 
irritating  to  the  mucous  membrane,  especially  to  that  of  the  eyes. 

Soluble  in  alcohol  in  all  proportions;  not  less  than  75  per  cent,  of  Resin  of  Podo- 
phyllum should  be  soluble  in  ether,  not  less  than  65  per  cent,  in  chloroform,  and  not 
more  than  25  per  cent,  in  boiling  water.  A  hot,  aqueous  solution  deposits  most 
of  its  contents  on  cooling,  and  if  the  cooled  liquid  be  filtered,  the  filtrate  has  a  bitter 
taste,  and  turns  brown  upon  the  addition  of  a  few  drops  of  ferric  chloride  T.S. 
Soluble  in  potassium  or  sodium  hydroxide  T.S.,  forming  a  deep  yellow  liquid,  which 
gradually  becomes  darker  on  standing,  and  from  which  the  Resin  is  reprecipitated 
by  acids. 

Not  less  than  99  per  cent,  of  Resin  of  Podophyllum  should  be  soluble  in  alcohol ; 
the  solution  should  be  clear  or,  at  most,  slightly  opalescent,  and  should  have  a  faintly 
acid  reaction. 

Upon  incineration,  Resin  of  Podophyllum  should  yield  not  more  than  0.7  per  cent, 
of  ash. 

Remarks. — It  will  be  noted  that  this  recipe  differs  from  that  for 
resin  of  jalap  in  amount  of  alcohol  used  in  moistening  drug;  in  the 
amount  of  percolate  collected;  in  volume  to  which  the  tincture  must 
be  concentrated;  in  the  fact  that  the  water  in  which  the  precipitation 
is  performed  is  acidulated  and  must  be  cold,  and  that  the  wash-water 
must  be  cold. 

The  question  of  temperature  and  composition  of  the  precipitation 
liquid  is  of  great  importance  in  making  this  and  other  resinoids. 
Some  manufacturers  precipitate  podophyllin  by  pouring  into  alum 
solution,  securing  a  larger  yield  and  a  less  active  product. 

This  resin  is  the  most  important  of  the  so-called  "resinoids," 
a  class  of  preparations  introduced  by  eclectic  practitioners,  through 
whose  efforts  a  large  number  of  valuable  American  drugs — such  as 
podophyllum  and  hydrastis — were  brought  to  the  attention  of  phy- 
sicians. 

In  attempting  to  secure  concentrated  forms  of  these  eclectic 
drugs  Dr.  King  hit  upon  the  idea  of  extracting  the  drug  with  strong 
alcohol  and  pouring  this  alcoholic  tincture  into  water.     In  this  way 
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he  obtained  resin  of  podophyllum,  and  so  named  it.  Later  manu- 
facturers, supposing  it  a  definite  body,  called  it  "podophyllin." 

Like  many  other  excellent  ideas,  the  search  for  such  concentrates 
was  carried  to  excess,  and  thus  were  put  upon  the  market  a  number 
of  resinoids,  each  purporting  to  be  the  active  principle  of  the  plant 
from  which  derived,  and  given  the  name  implying  such  active  con- 
stituent. Among  such  resinoids  of  little  or  no  value  may  be  cited 
aletrin  (from  Aletris  farinosa);  geranin  (from  Geranium  maculatum); 
macrotin  (from  Cimicifuga  racemosa,  the  other  botanical  name  of 
which  is  Macrotrys  actceoides);  and  sanguinarin  (from  Sanguinaria 
canadensis).  How  these  commercial  names  lead  to  confusion  can  best 
be  shown  by  the  statement  that  the  resinoid,  sanguinarin,  has  nothing 
in  common  with  sanguinarine,  the  alkaloid  of  sanguinaria. 

Resin  of  podophyllum  is  a  constituent  of  the  official  vegetable 
cathartic  pills  and  pills  of  podophyllum,  belladonna,  and  capsicum. 

Dose. — Purgative,  15  milligrammes  (^  grain);  laxative,  5  milli- 
grammes (3^  grain). 

RESINA   SCAMMONIL     Resin  of  Scammony. 

iZectpe.^Scammony,  in  No.  60  powder,  one  thousand  grammes . .   1000  Gm. 
Alcohol, 
Water,  each,  a  sufficient  quantity. 

Digest  the  Scammony  with  successive  portions  of  boiling  Alcohol  until  it  is  ex- 
hausted. Mix  the  liquids,  filter,  and  reduce  the  mixture  to  a  syrupy  consistence 
by  distilling  off  the  Alcohol.  Then  add  the  residue  in  a  thin  stream,  with  active 
stirring,  to  twenty-five  hundred  cubic  centimeters  of  Water,  separate  the  precipitate 
formed,  wash  it  thoroughly  with  Water,  and  dry  it  at  a  gentle  heat. 

Yellowish-brown  or  brownish-yellow  masses  or  fragments,  breaking  with  a 
glossy  resinous  fracture,  translucent  at  the  edges;  or  a  yellowish-white  or  grayish- 
white  powder,  having  a  faint,  characteristic  odor,  and  a  slight,  peculiar  taste. 

Soluble  in  alcohol  in  all  proportions,  completely  soluble  in  oil  of  turpentine,  and 
almost  completely  soluble  in  ether  and  chloroform.  Ammonia  water  and  solutions 
of  alkalis  dissolve  it  with  the  aid  of  a  gentle  heat,  and  from  these  solutions  the  Resin 
is  not  reprecipitated  by  acids. 

When  incinerated,  it  should  not  yield  more  than  1  per  cent,  of  ash. 

Sulphuric  acid,  when  stirred  in  a  porcelain  dish  with  an  equal  weight  of  Resin 
of  Scammony,  should  not  gradually  turn  red  (absence  of  rosin). 

Remarks. — Note  that  in  making  this  resin  the  drug  is  extracted 
by  digestion  with  boiling  alcohol,  not  by  percolation. 
Dose. — 200  milligrammes  (3  grains). 

RESINA  COPAIBiE  (U.  S.  P.  1890).     Resin  of  Copaiba. 

This  resin,  which  was  official  in  former  pharmacopoeias,  but 
dropped  at  the  last  revision,  is  made  by  distilling  the  oleoresin, 
copaiba,  when  the  volatile  oil  passes  over,  leaving  the  resin  in  the 
retort. 

Doses  of  Official  Resins 

5  milligrammes  (^  grain) |  ^^^.^  ^f  podophyllum. 

15  milligrammes  (\  grain) J  ^       ^  •' 

125  milligrammes  (2  grains) Resin  of  jalap. 

200  milligrammes  (3  grains) Resin  of  scammony. 
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CHAPTER   XVIII 

POWDERS  AND  TRITURATIONS 

POWDERS 

A  DEFINITION  for  powdcrs  is  somewhat  difficult  unless  we  are 
satisfied  with  the  rather  vague  statement,  combinations  of  solid  drugs 
in  finely  divided  form. 

It  is  even  questionable  whether  powders  should  be  grouped  under 
"internal  preparations,"  for  while  all  official  powders  are  used  inter- 
nally, there  are  many  prescriptions  for  powders  intended  for  dusting 
purposes.  Powders  are  usually  made  by  trituration  with  pestle  and 
mortar,  though  dusting-powders  should  be  made  by  mixing  the 
ingredients,  already  reduced  to  a  fine  powder,  with  a  spatula,  since 
rubbing  in  a  mortar  is  apt  to  cause  caking. 

In  writing  prescriptions  for  compound  powders  the  physician 
usually  directs  the  trituration  of  a  sufficient  quantity  of  the  ingredients 
to  make  several  powders.  This  is  particularly  useful  from  the  point 
of  the  physician  in  enabling  him  to  prescribe  a  certain  weighable 
quantity  of  a  potent  drug,  say,  one  grain  of  arsenic,  and  directing 
that  to  be  rubbed  up  with  the  other  constituents,  and  then  to  be 
dispensed  in  a  sufficient  number  of  parts,  so  that  each  part  will  contain 
a  safe  dose.  Thus,  if  a  grain  of  arsenic  is  directed  in  30  powders, 
each  powder  will  contain  the  usual  dose  of  that  chemical  (-j^  grain). 
In  preparing  such  powders  it  is  necessary  for  the  pharmacist  to  exert 
great  caution  in  having  the  potent  ingredient  sufficiently  triturated 
with  the  diluent  to  insure  uniform  and  thorough  subdivision.  The 
dividing  of  the  mass  into  the  requisite  number  of  powders  is  accom- 
plished in  one  of  three  ways;  the  papers,  which  are  to  hold  the  several 
portions  of  the  divided  powder,  are  spread  on  a  clean  table;  the 
mixture  transferred  to  the  papers  in  portions  by  means  of  the  spatula, 
and  when  all  the  substance  has  thus  been  transferred,  an  attempt  is 
made  to  equalize  the  quantity  of  powder  on  each  paper  by  means  of 
the  eye.  With  practice  one  becomes  fairly  expert  at  striking  the 
requisite  quantity,  although  the  process,  at  its  best,  is  inaccurate, 
as  can  be  proved  by  any  pharmacist  by  taking  at  random  three  or 
four  powders  from  the  batch  that  is  thus  divided  and  weighing  each. 
A  variation  of  25  to  30  per  cent,  is  not  unusual. 

In  order  to  render  the  subdivision  more  accurate,  several  appli- 
ances for  the  dividing  of  powders  have  been  devised.  Of  these  the 
most  convenient  is  the  Michael  powder  divider  (Fig.  167).  This 
consists  of  a  tapering  cup  into  which  the  mixed  powder  is  poured 
and  packed  fairly  uniformly  by  gentle  tapping.  Into  this  is  then 
inserted  a  special  separator  consisting  of  metal  segments,  which 
exactly  divide  the  cup  into  the  number  of  powders  desired,  thus 
equally  dividing  the  powder  into  the  desired  portions.  This  being 
done,  the  apparatus  is  covered  with  a  tightly  fitting  cap,  provided 
with  one  orifice,  through  which  the  contents  of  compartments  of  the 
divider  can  be  poured  off  one  at  a  time.  By  turning  the  cap  so  that 
the  orifice  changes  from  segment  to  segment,   and  inverting  after 
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each  case,  the  contents  of  each  segment  can  be  emptied.  At  its  best, 
however,  such  a  powder  divider  is  not  exceedingly  convenient,  nor 
is  it  so  correct  as  one  would  wish. 

The  third,  and  by  all  odds  the  best,  method  of  dividing  powders 
is  by  estimating  the  weight  that  each  powder  should  be,  and  weighing 
out  that  quantity,  and  transferring  it  forthwith  to  one  of  the  unfolded 
papers.  In  this  way  correct  results  are  obtained,  and  when  once 
practised,  the  process  is  found  to  demand  but  little  more  time  than 
that  consumed  in  dividing  by  eye.  In  weighing  powders  it  is  found, 
however,  by  reason  of  the  extreme  accuracy  of  the  process,  that  the 
last  powder  is  apt  to  be  short  in  weight,  due  to  the  natural  loss 
because  of  some  of  the  powder  adhering  to  the  pestle  and  mortar. 
In  the  writer's  practice  he  always  weighed  out  a  sufficient  amount  of 
each  ingredient  called  for  in  the  prescription  to  make  one  more  powder 
than  the  number  directed,  and  the  slight  excess,  after  weighing  out 


Fig.  167. — Michael's  powder  divider. 

the  requisite  number  of  papers,  was  then  thrown  away.  The  powders 
so  divided  are  then  folded  in  separate  pieces  of  paper;  the  art  of 
powder-folding  being  one  acquired  with  a  little  practice.  The  process 
consists  in  laying  the  requisite  number  of  papers  on  the  clean  table, 
each  provided  with  a  fold  at  the  top,  the  size  of  which  has  been 
determined  in  advance.  The  subsequent  processes  will  best  be  shown 
in  the  appended  illustrations  (Fig.  168),  the  second  stage  being  to 
bring  up  the  lower  edge  of  the  paper  to  the  crease  already  made,  as 
shown  in  b.  The  flap  of  the  crease  is  then  bent  over  on  to  the  edge, 
the  paper  then  taken  and  creased  and  folded  down  to  the  lower  edge 
of  the  paper,  and  then  all  that  remains  is  that  the  two  edges  be 
folded  inward,  as  shown  in  c.  The  folding  of  these  ends,  so  that  the 
length  of  each  folded  paper  be  the  same,  is  sometimes  performed  on 
a  special  powder-folder,  shown  in  Fig.  169,  although  many  careful 
pharmacists  fold  the  paper  as  directed  upon  the  box  into  which  the 
finished  powders  are  to  be  placed. 

There  are  now  on  the  market  powder  papers  folded  by  machinery 
and  intended  to  be  used  by  opening,  putting  in  the  powder,  and 
folding  again,  but  the  writer  fails  to  see  wherein  these  give  better 
results  than  a  plain  paper  folded  by  hand,  as  directed  below. 

In  discussing  the  question  of  the  various  forms  of  powder  boxes, 
it  is  necessary  here  to  say  that  modern  pharmacists  use  the  so-called 
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New  York  powder  box,  shown  in  Fig.  170,  slide  powder  boxes  failing 
to  give  as  good  results.  Into  this  New  York  powder  box  the  powder 
should  be  placed  upright,  as  is  shown  in  Fig.  168,  e,  and  in  folding 
the  powder  each  should  be  exactly  the  same  size,  and  should  pro- 
ject from  the  box  to  the  same  height — usually  made  about  y'g  inch. 
The  finer  grade  of  the  powder  box  is  arranged  with  a  sufficient  difference 


Fig.  168. — Folding  powders  (see  text). 

between  the  height  of  the  shoulder  and  of  the  inside  of  the  cover  to 
permit  the  papers  to  protrude  that  distance,  the  object  of  having 
the  papers  protrude  being  to  facilitate  the  removing  of  the  papers 
from  the  box. 

In  preparing  and  successfully  folding  the  paper  it  is  necessary 
that  the  paper  conform  exactly  to  the  dimensions  of  the  box,  and 


Fig.  169. — Powder  folder. 


Fig.  170. — New  York  powder  box. 


in  order  to  aid  the  pharmacist  in  this  work,  the  so-called  shoulder 
boxes  are  made  the  same  length  and  height,  the  difference  in  the  size 
for  the  different  numbers  of  papers  being  merely  in  the  width.  In 
purchasing  boxes  of  that  kind  the  pharmacist  should  procure  paper 
of  such  size  as  will  make  a  perfectly  neat  package;  that  is,  a  paper  the 
length  of  which  is  a  trifle  less  than  double  the  interior  length  of  the 
box,  while  the  width  of  the  paper  should  be  a  little  over  twice  the 
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height  of  the  box.  Having  obtained  paper  of  the  right  dimensions, 
all  that  remains  to  be  done  is  to  learn  the  size  which  the  first  flap 
(Fig.  168,  a)  should  be  made.  This  is  so  regulated  that  the  powder, 
when  folded,  with  the  end  where  the  original  flap  was  made  coinciding 
with  the  finished  folded  paper,  will  make  a  finished  powder  of  the 
height  suggested  above,  namely,  one  which  will  protrude  yV  inch 
from  the  paper  box. 

Having  folded  a  paper  to  conform  with  the  size  of  the  box,  it  is 
customary  to  make  the  finished  powder  smooth  by  rubbing  each  end 
down  with  a  spatula.  The  powders  are  then  gathered  up  from  the 
counter  and  piled  together  with  the  flaps  alternating  up  and  down 
(Fig.  168,  d).  These  precautions  are  required  because  it  will  be  seen 
that  the  finished  powder  is  thicker  where  the  flap  rests  than  in  any 
other  portion  of  the  paper.  If  the  bunch  of  powders,  say  12  to  24, 
were  placed  in  a  box,  all  in  the  same  position,  this  slight  increase  in 
thickness,  multiplied  by  the  number  12  or  24,  would  make  a  decided 
discrepancy  in  the  width  of  the  top  and  bottom  of  a  bunch  of 
powders;  and  if  such  were  placed  in  the  box  in  which  they  fit  snugly, 
a  decided  pressure  would  be  exerted  at  the  upper  edge,  a  pressure, 
in  fact,  sufficient  to  cause  the  springing  out  of  the  entire  lot  of 
powders  when  the  first  paper  was  removed  (Fig.  168,  /).  By  alter- 
nating the  position  of  the  flap  up  and  down  the  pressure  is  equalized 
and  no  such  inconvenience  results. 

Some  pharmacists  follow  the  admirable  custom  of  having  their 
name  and  address  printed  on  their  powder  papers  in  such  a  position 
that  the  printed  matter  will  appear  in  the  center  of  the  folded  paper. 
Such  a  practice  cannot  be  too  strongly  recommended,  because  it 
affords  a  highly  legitimate  method  of  publicity. 

After  the  powders  are  neatly  folded  and  placed  in  the  box,  the 
latter  is  wrapped  in  an  appropriate  paper  and  tied.  This  leads  us 
to  the  very  important  question  of  the  dispensing  of  packages  in 
elegant  form,  an  art  which  appears  to  the  writer  to  be  falling  into 
disuse.  The  first  essential  in  making  a  successful  package  is  that 
the  paper  be  of  exactly  proper  proportions,  and  the  writer  attributes 
to  the  introduction  of  the  roll  paper,  so  largely  used  in  drug-stores  at 
present,  and  supposed  to  be  unrolled  and  torn  off  as  required,  the 
lack  of  care  shown  in  the  modern  package. 

In  former  days  the  paper  was  bought  in  full  sheets  and  was  care- 
fully cut  to  the  size  required  for  the  package.  Thus,  for  powder 
boxes  the  paper  was  cut  in  strips  4  inches  wide,  and  of  a  length  ranging 
from  6  inches  to  8  inches.  For  pill  boxes  smaller  strips,  say  2^  inches 
wide,  were  employed.  The  paper  for  1-ounce  bottles  was  6  by  6 
inches,  for  2-  and  3-ounce  bottles  were  7  by  8^  inches;  for  4-  and 
6-ounce  bottles  were  8^  by  11  inches;  for  8-ounce  bottles  was  11  by 
11  inches;  while  for  pint  bottles  it  was  12  by  12  inches.  Of  the  papers 
so  cut,  the  one  for  6-ounce  bottles  usually  suffice  for  the  careful 
wrapping  of  1  to  2  ounces  of  an  herb,  and  from  4  to  8  ounces  of  a 
chemical;  while  the  larger  sized  papers  would  be  used  for  propor- 
tionately larger  quantities.  The  criticism  that  might  be  raised  in 
regard  to  taking  pains  in  making  packages  is  the  time  which  is  required. 
As  far  as  the  wrapping  of  a  powder  or  pill  box  or  of  a  bottle,  no  more 
time  is  required  for  wrapping  it  carefully  than  is  required  to  do  the 
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same  work  carelessly,  and  as  for  the  wrapping  of  solid  substances, 
it  is  recommended  that  the  pharmacist  follow  the  custom  of  old-time 
druggists  of  keeping  on  hand  a  sufficient  stock  of  packages  already- 
wrapped,  which  can  be  handed  out  when  demanded.  In  the  author's 
experience,  he  kept  on  hand  packages  of  almost  everything  for  which 
there  was  at  least  one  demand  a  week.  Of  those  substances  for 
which  there  was  a  very  slight  demand,  only  one  package  was  prepared 
and  kept  in  the  container,  and  when  this  was  sold,  another  package 
was  made  at  the  first  leisure  moment.  In  this  way  the  pharmacist, 
especially  when  by  himself  in  a  store,  can  facilitate  dispensing  to  an 
enormous  extent,  because  much  time  is  consumed  in  wrapping 
packages.  Details  of  making  a  neat  package  can  be  best  given  accom- 
panied by  the  following  illustrations: 

Wrapping  a  pill  box:  Take  the  strip  of  paper,  place  the  pill  box 
thereon,  and  bring  up  the  two  ends,  and  fold  over  into  a  crease,  as  is 
shown  in  Fig.  171,  a.  The  paper  should  be  made  of  such  a  size  that 
a  second  crease  about  the  size  of  the  first  one  will  bring  the  paper 


Fig.  171. — Wrapping  pill  box  (see  text). 

perfectly  firmly  around  the  edge  of  the  pill  box,  as  shown  in  h.  The 
paper  should  then  be  of  sufficient  width  so  that  when  the  edges  are 
folded  down  in  the  flap,  there  will  be  bulging  pieces  of  paper  to  be 
cut  off.  In  the  writer's  experience,  he  prefers  folding  the  open  edges 
down  to  the  folded  flaps,  as  shown  in  c,  because  when  so  done  the 
tying  can  be  done  by  simply  passing  the  string  two  or  three  times 
around  the  edge  of  the  box,  as  is  shown  in  d.  Some  pharmacists 
prefer  to  bring  the  edges  down,  as  is  shown  in  e,  when  the  string  must 
be  placed,  not  merely  around  the  edges,  but  around  the  edges  of  the 
box,  as  is  shown  in  /.  In  place  of  twine,  elastic  bands  are  now  used, 
and  have  much  to  commend  themselves. 

In  wrapping  a  powder  box  the  procedure  is  similar  to  that  of  a 
pill  box,  as  shown  in  the  various  stages  in  Fig.  172,  a  and  6.  The 
flaps  are  folded  either  as  shown  in  c  or  d,  and  for  the  same  reason  as 
explained  in  the  case  of  the  pill  boxes. 

In  wrapping  bottles  the  mode  of  procedure  is,  first,  to  fold  the 
crease,  as  shown  in  Fig.  173,  a,  and,  as  in  the  case  of  the  powder  and 
pill  boxes,  the  paper  should  be  of  such  a  size  that  the  second  fold  will 
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bring  the  paper  snugly  around  the  bottle,  as  shown  in  b.  The  open 
edge  at  the  base  of  the  bottle  is  then  folded  in  neat  flaps,  while  the 
paper  around  the  neck  should  be  creased,  as  shown  in  c. 

This  done,  the  bottle  is  wrapped  with  string  down  and  back,  and 
finally  wound  tightly  around  the  neck,  as  is  shown  in  d. 


Fig.  172. — Wrapping  powder  box  (see  text). 

In  folding  packages  the  paper  is  first  folded  with  the  crease,  as 
shown  in  Fig.  174,  a.  This  crease  is  then  bent,  very  great  care  being 
required  to  make  it  exactly  equal  the  whole  length  of  the  package, 
as  shown  in  b.     One  of  the  open  ends  is  then  temporarily  folded. 


Fig.  173. — Wrapping  bottle  (see  text). 

as  shown  in  c,  while  the  other  end  is  carefully  folded  away  from 
the  flap,  as  shown  in  d.  This  being  done,  it  is  then  turned  down- 
ward, the  temporary  folding  of  the  other  end  reopened,  and  refolded 
exactly  as  the  other  end,  the  finished  package  then  having  the  appear- 
ance as  shown  .in  e.     The  package  is  then  wrapped  with  a  string, 
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both  across  its  length  and  width,  as  shown  in  e,  although  for  this 
purpose  a  rubber  band  is  frequently  substituted. 

The  folding  of  solids  in  packages,  as  just  mentioned,  is  becoming 
obsolete,  due  to  the  introduction  of  boxes  for  holding  solid  substances 
at  prices  justifying  their  free  distribution  by  the  druggist. 

Such  boxes  should  be  wrapped  with  paper  in  a  manner  similar  to 
the  smaller  powder  boxes,  and  the  use  of  such  boxes  is  growing  very 
popular  because  of  the  convenience  of  keeping  drugs  in  such  con- 
tainers. It  might  be  here  stated  that  all  packages  of  drugs  and 
chemicals  wrapped  in  the  style  above  given  should  be  neatly  labeled. 

As  to  the  choice  of  wrapping-paper,  the  writer  uses  plain  white 
paper  in  preference  to  the  gaudily  colored  papers  so  much  in  vogue 
in  modern  pharmacies.  He  is  not  alone  in  this  preference,  for  not 
long  since  a  woman  of  refinement  and  culture  spoke  of  the  shocking 
lack  of  taste  displayed  by  the  average  druggist  in  dispensing  his 
drugs  in  gaudy  pink,  blue,  and  red  paper.  The  manila  paper,  formerly 
largely  used  for  the  cheaper  goods,  should  not  be  used  by  elegant 


Fig.  174. — Wrapping  package  (see  text). 

dispensers;  such  paper  is  admirably  adapted  to  the  wrapping  of 
packages  to  be  sent  by  mail  or  express,  but  it  should  not  be  seen 
wrapped  around  any  product  taken  out  of  the  drug-store  by  the 
purchaser. 

In  place  of  string  or  rubber  bands  there  has  been  lately  introduced 
an  attractive  form  of  fastener  in  the  shape  of  ribbon  on  which  is 
imprinted  the  name  of  the  firm.  Although  such  ribbon  is  expensive, 
the  use  of  it  is  good  business,  affording  the  pharmacist  a  convenient 
and  unobtrusive  method  of  publicity. 

To  return  to  the  subject  of  the  dispensing  of  powders:  if  the 
powder  contains  deliquescent  substances,  the  ordinary  powder  paper 
should  not  be  used,  as  the  moisture  will  soon  penetrate  to  the  ingre- 
dients and  the  paper  will  become  wet.  ,  Such  deliquescent  powders 
should  be  wrapped  in  paraffin  paper  and  then  covered  with  tin-foil 
in  order  to  prevent,  as  far  as  possible,  atmospheric  action. 

The  powders  of  the  pharmacopoeia  represent  mixtures  of  the  medic- 
inal constituents  not  divided  into  specific  doses,  the  only  exception 
of  this  rule  being  Seidlitz  powder. 
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Even  as  all  the  pharmacopoeial  liquids — such  as  tinctures  and 
fluidextracts — are  directed  to  be  finished  as  bulk  fluids  of  definite 
strength,  so  all  official  powders  except  Seidlitz  powders  are  to  be 
finished  as  bulk  masses.  In  this  way  the  pharmacopoeial  powders 
differ  from  such  official  solids  as  pills,  lozenges,  and  suppositories, 
which  are  finished  in  the  form  of  divided  doses. 

TABLE  OF  OFFICIAL  POWDERS 

(All  Galenic) 
Process.  Preparation. 

All  by  simple  trituration.     Finished  Acetanilid  powder,  compound, 

in  undivided  masses.  Aromatic  powder. 

Chalk  powder,  compound. 
Glycyrrhiza  powder,  compound. 
Powder  of  ipecac  and  opium. 
Powder  of  jalap,  compound. 
Powder  of  morphine,  compound. 
Powder  of  rhubarb,  compound. 
Finished  in  divided  doses.  Effervescing  powder,  compound. 

SPECIAL  NOTES  ON  OFFICIAL  POWDERS 

PULVIS  ACETANILIDI  COMPOSITUS.     Compound  Acetanilide 

Powder. 

Recipe. — Acetanilide,  seventy  grammes 70  Gm. 

Caffeine,  ten  grammes 10  Gm. 

Sodiiun  Bicarbonate,  twenty  grammes 20  Gm. 

To  make  one  hundred  grammes .  .  100  Gm. 

Reduce  the  ingredients  separately  to  a  fine  powder  and  mix  them  thoroughly. 

Remarks. — This  new  official  closely  simulates  the  nostrum  Anti- 
kamnia,  which  is  described  on  p.  770. 
Dose. — 500  milligrammes  (7^  grains). 

PULVIS  ANTIMONIALIS   (U.  S.  P.  1890).     Antimonial   Powder. 

This  former  official  is  called  James'  powder,  and  consists  of  anti- 
mony oxide,  33  Gm.,  triturated  with  precipitated  calcium  phosphate, 
67  Gm. 

PULVIS   AROMATICUS.     Aromatic  Powder. 
Recipe. — Saigon  Cinnamon,   in   No.    60   powder,   thirty-five 

grammes 35  Gm. 

Ginger,  in  No.  60  powder,  thirty-five  grammes 35  Gm. 

Cardamom,  deprived  of  pericarps  and  crushed,  fif- 
teen grammes 15  Gm. 

Myristica,  in  No.  20  powder,  fifteen  grammes 15  Gm. 

To  make  one  hundred  grammes .  .   100  Gm. 

Triturate  the  Cardamom  and  Myristica  with  a  portion  of  the  Saigon  Cinnamon, 
until  they  are  reduced  to  a  fine  powder;  then  add  the  remainder  of  the  Saigon  Cin- 
namon and  the  Ginger,  and  rub  them  together  until  they  are  thoroughly  mixed. 

Remarks. — This  consists  of  cinnamon,  ginger,  cardamom,  and 
nutmeg.  It  will  be  noticed  that  the  cardamom  is  to  be  deprived  of 
pericarps  (the  chaffy  wall  of  ovary  constituting  the  so-called  "hull") 
and  crushed,  then  triturated  to  a  fine  powder  with  coarsely  ground 
nutmeg  and  a  little  cinnamon,  blended  with  finely  powdered  ginger 
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and  cinnamon.  In  this  case  it  is  assumed  that  the  pharmacist  will 
use  the  freshly  grated  nutmeg.  Both  the  cardamom  and  nutmeg  are 
very  unstable  in  the  powdered  form;  hence  the  whole  drugs  are  to  be 
powdered  in  the  process  of  preparation. 

Aromatic  powder  is  used  chiefly  to  flavor  other  powdered  sub- 
stances, although  it  is  of  some  value  for  relieving  flatulence. 

Dose. — 1  Gm.  (15  grains). 

PULVIS  CRETiE   COMPOSITUS.    Compound  Chalk  Powder. 

Recipe. — Prepared  Chalk,  thirty  grammes 30  Gm. 

Acacia,  in  fine  powder,  twenty  grammes 20  Gm. 

Sugar,  in  fine  powder,  fifty  grammes 50  Gm. 

To  make  one  hundred  grammes . .  100  Gm. 
Mix  intimately. 

Remarks. — This  is  the  chief  constituent  of  chalk  mixture  (p.  264), 
and  is  official  for  that  reason  alone. 

Note  that  it  is  made  from  prepared  chalk,  not  from  precipitated 
chalk,  for  reasons  given  on  p.  510. 

Dose. — 2  Gm.  (30  grains). 

PULVIS  EFFERVESCENS  COMPOSITUS.     Compound  Effervescing 

Powder. 

Recipe. — Sodium    Bicarbonate,    dried   and   in  fine  powder, 

thirty-one  grammes 31  Gm. 

Potassium  and  Sodixun  Tartrate,  dried  and  in  fine 

powder,  ninety-three  grammes 93  Gm. 

Tartaric  Acid,  dried  and  in  fine  powder,  twenty- 
seven  grammes 27  Gm. 

Mix  the  Sodium  Bicarbonate  intimately  with  the  Potassium  and  Sodium  Tar- 
trate, divide  the  mixture  into  twelve  equal  parts,  and  wrap  each  part  in  a  separate 
blue  paper. 

Then  divide  the  Tartaric  Acid  into  twelve  equal  parts,  and  wrap  each  part  in  a 
separate  white  paper. 

Keep  the  powders  in  well-closed  containers,  in  a  dry  place. 

Remarks. — As  mentioned  previously,  this  is  the  one  powder  in 
which  the  constituents  are  divided  into  special  doses,  the  sodium 
bicarbonate  and  Rochelle  salt  being  divided  into  12 
powders,  wrapped  in  blue  papers,  while  the  tartaric 
acid  is  wrapped  in  white  papers.     In  preparing  Seid- 
litz  powders  the  dividing  of  the  powder  is  performed 
by  using  the  so-called  Seidlitz  powder-cup  (Fig.  175); 
one  of  the  cups  is  purported  to  hold  the  amount 
of  Rochelle   salt  and   sodium  bicarbonate  mixture, 
while   the   smaller   cup  is  supposed  to  contain   the 
amount   of  tartaric  acid  which  is  directed.      These 
cups  are   used  by  taking   a  large   quantity  of   the 
Fig.  175.— Seidlitz     powdered  substance  on  a  sheet  of  paper,  and  filling 
powder  cup.  ^^^q  gyp  {-f-y  pressing  into  the  powdered  mass,  placing 

the  cup  over  the  powder  paper,  and  emptying  on  same  by  a  gentle 
tapping  of  the  cup  with  a  spatula.  The  use  of  such  cups,  however, 
does  not  necessarily  mean  a  correct  division  of  the  chemicals,  as  the 
amount  which  the  cup  will  hold  depends  entirely  upon  the  pressure 
exerted.     Some  years  since  an  investigator  weighed  Seidlitz  powders 
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obtained  from  the  various  stores  throughout  the  country,  and  found 
that  the  weight  of  the  Rochelle  salt — sodium  bicarbonate  mixture 
put  up  in  blue  paper — ranged  all  the  way  from  133  grains  to  251  grains, 
while  the  white  paper  contained  from  30  grains  to  56  grains  of  tartaric 
acid.     (Proper  quantities,  160  grains  and  35  grains  respectively.) 

For  this  reason  it  is  wisest  to  weigh  out  the  contents  of  each  powder, 
a  process  more  feasible  than  it  seems. 

The  Rochelle  salt — sodium  bicarbonate  mixture — is  obtainable 
in  commerce  under  the  name  of  Seidlitz  mixture,  and  that  sometimes 
at  a  price  cheaper  than  the  cost  of  the  separate  ingredients.  There 
can  be  but  one  explanation  of  this  fact:  that  such  "cheap"  Seidlitz 
mixture  contains  more  than  the  25  per  cent,  of  inexpensive  sodium 
bicarbonate  directed  by  the  pharmacopoeia. 

The  effervescence  occurring  on  mixing  solutions  of  the  contents 
of  the  blue  and  the  white  papers  is  due  to  liberation  of  carbon  dioxide 
by  the  chemical  action  of  the  tartaric  acid  on  the  sodium  bicarbonate. 
Details  of  this  reaction  will  be  found  on  p.  444. 

A  difference  noted  between  the  average  home-made  Seidlitz 
powder  and  that  purchased  in  the  market  is  the  superior  keeping 
quality  of  acid  inclosed  in  the  white  papers  of  the  purchased  article. 
Tartaric  acid  is  rather  deliquescent,  and  the  home-made  "white  papers" 
frequently  begin  to  discolor  (the  paper  wrapper  becoming  yellow),  and 
not  seldom  become  a  moist  mass.  This  trouble  can  be  obviated  by 
thoroughly  drying  the  tartaric  acid  in  an  oven  or  by  spreading  in  the 
sunshine  on  a  dry  day.  The  tartaric  acid  so  dried  will  keep  as  well 
when  wrapped  as  does  that  of  the  commercial  Seidlitz  powders. 

Before  leaving  the  subject  of  commercial  Seidlitz  powders  reference 
must  be  made  to  an  excellent  grade  found  on  the  market,  the  sub- 
division and  folding  of  which  are  performed  on  a  special  machine 
covered  by  patents. 

This  machine — the  Doan  Seidlitz  Powder  Machine — is  not  for 
sale,  the  patentee  preferring  to  sell  the  Seidlitz  powders  made  on  the 
machine,  and  that  at  a  low  price. 

Seidlitz  powders  are  much  esteemed  as  purgatives,  the  efferves- 
cence, when  administered,  masking  the  taste  of  Rochelle  salts,  which 
is  the  active  ingredient.  As  is  well  known,  Seidlitz  powders  are 
administered  by  dissolving  the  contents  of  the  blue  and  of  the  white 
powder  in  separate  glasses  one-third  filled  with  water,  mixing  the 
two  liquids,  and  drinking  while  effervescing;  not  by  drinking  the  two 
liquids  one  after  the  other,  as  has  been  done  more  than  once,  with 
disastrous  results. 

Dose. — One  set  of  the  powders. 

PULVIS  GLYCYRRHIZiE  COMPOSITUS.     Compound  Powder  of 

Glycyrrhiza. 

Recipe. — Senna,  in  No.  80  powder,  one  hundred  and  eighty 

grammes 180  Gm. 

Glycyrrhiza,  in  No.  80  powder,  two  hundred  and 

thirty-six  grammes 236  Gm. 

Washed  Sulphur,  eighty  grammes 80  Gm. 

Oil  of  Fennel,  four  grammes 4  Gm. 

Sugar,  in  fine  powder,  five  hundred  grammes 500  Gm. 

To  make  one  thousand  grammes . .  1000  Gm. 
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Mix  the  Oil  of  Fennel  thoroughly  with  about  one-half  of  the  Sugar,  then  add  the 
remainder  of  the  Sugar  and  the  other  ingredients,  and  mix  thoroughly.  Finally, 
pass  the  powder  through  a  No.  80  sieve,  pulverize  the  residue  if  any  should  be  left 
on  the  sieve,  add  to  the  sifted  powder,  and  mix  thoroughly.  Keep  it  in  well-closed 
vessels. 

Remarks. — Compound  powder  of  glycyrrhiza  is  what  is  commonly 
called  "compound  licorice  powder,"  and  is  an  excellent  remedy  for 
costiveness.  Note  its  ingredients,  and  that  washed,  not  sublimed, 
sulphur  is  employed. 

Dose. — 4  Gm.  (60  grains). 

PULVIS  IPECACUANHA  ET  OPII.     Powder  of  Ipecac  and  Opium. 

Recipe. — Ipecac,  in  No.  60  powder,  ten  grammes 10  Gm. 

Powdered  Opiiun,  ten  grammes 10  Gm. 

Sugar  of  Milk,  in  No.  30  powder,  eighty  grammes.  .  80  Gm. 

To  make  one  hundred  grammes . .  100  Gm. 

Triturate  them  together  thoroughly  and  reduce  to  a  very  fine  powder. 

Remarks. — This  is  the  popular  Dover^s  powder,  and  contains 
10  per  cent,  ipecac,  10  per  cent,  opium,  and  80  per  cent,  sugar  of 
milk. 

Dose. — 500  milligrammes  (7^  grains). 

PULVIS   JALAPiE   COMPOSITUS.     Compound  Powder  of  Jalap. 

Recipe. — Jalap,  in  No.  60  powder,  thirty-five  grammes 35  Gm 

Potassium  Bitartrate,  in  fine  powder,  sixty-five 

grammes 65  Gm. 

To  make  one  hundred  grammes .  .   100  Gm. 

Rub  them  together  until  they  are  thoroughly  mixed. 

Remarks. — This   powder,  sometimes  called  pulvis  purgans,   con- 
sists of  35  per  cent,  jalap  and  65  per  cent,  cream  of  tartar. 
Dose. — 2  Gm.  (30  grains). 

PULVIS  MORPHINE  COMPOSITUS.     Compound  Powder  of 

Morphine. 

Recipe. — Morphine  Sulphate,  one  and  one-half  grammes.  1.5  Gm. 

Camphor,  thirty-two  grammes 32.0  Gm. 

Glycyrrhiza,    in    No.     80    powder,    thirty-three 

grammes 33.0  Gm. 

Precipitated    Calcium    Carbonate,   thirty-three 

and  one-half  grammes 33.5  Gm. 

Alcohol,  a  sufficient  quantity,  

To  make  one  hundred  grammes.  .  100.0  Gm. 

Rub  the  Morphine  Sulphate  with  the  Precipitated  Calcium  Carbonate,  added  in 
portions  of  about  five  grammes  each,  until  it  is  thoroughly  mixed,  then  rub  the  Cam- 
phor with  a  little  Alcohol  until  it  is  reduced  to  a  powder,  and  mix  intimately  with 
the  Glycyrrhiza  and  the  other  powders.  Finally,  pass  the  powder  through  a  No.  40 
sieve,  pulverize  the  residue  if  any  should  be  left  on  the  sieve,  add  to  the  sifted  powder, 
and  mix  thoroughly.     Transfer  it  to  well-stoppered  bottles. 

Remarks. — This  pharmaceutical,  called  Tulli/s  powder,  is  popular 
in  New  England.     It  contains  H  per  cent,  morphine. 
Dose. — 500  milligrammes  (7^  grains). 
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PULVIS   RHEI   COMPOSITUS.     Compound  Powder  of  Rhubarb. 

Recipe. — Rhubarb,  in  No.  60.  powder,  twenty-five  grammes. .  25  Gm. 

Magnesium  Oxide,  sixty-five  grammes 65  Gm. 

Ginger,  in  No.  60  powder,  ten  grammes 10  Gm. 

To  make  one  hundred  grammes .  .  100  Gm. 

Rub  the  Rhubarb  and  Ginger  together,  and,  finally,  the  Magnesium  Oxide, 
gradually  added,  until  they  are  thoroughly  mixed. 

Remarks. — Compound  powder  of  rhubarb  is  yellow  when  first 
prepared,  but  turns  pink  on  standing,  due  to  the  action  of  alkaline 
magnesia  on  the  resins  found  in  rhubarb. 

Dose. — 2  Gm.  (30  grains). 

Doses  of  Official  Powders 

500  milhgrammes  (7i  grains) Powders  of  acetanilid  compound,  ipecac, 

and  opium;  morphine  compound. 

1  gramme  (15  grains) Aromatic  powder. 

2  grammes  (30  grains) Powders  of  chalk  compound,   jalap  com- 

pound, rhubarb  compound. 

4  grammes  (60  grains) Powder  of  glycyrrhiza  compound. 

One  set  of  two  powders Compound  effervescing  powder. 

TRITURATIONS 

Triturations  were  suggested  by  similar  preparations  used  in 
homeopathic  practice.  The  pharmacopoeia  gives  a  general  formula 
calling  for  10  per  cent,  of  the  medicinal  substance  and  90  per  cent, 
of  sugar  of  milk.  There  is  only  one  official  triturate  in  which  the 
medicating  substance  is  specifically  mentioned,  namely,  Triturate  of 
Elaterin. 

TRITURATIONES.     Triturations. 

Redpe. — Unless  otherwise  directed.  Triturations  are  to  be  prepared  according 
to  the  following  formula: 

Recipe. — The  Substance,  ten  grammes 10  Gm. 

Sugar  of  Milk,  in  moderately  fine  powder,  ninety 

grammes 90  Gm. 

To  make  one  hundred  grammes .  .   100  Gm. 

Weigh  the  Substance  and  the  Sugar  of  Milk  separately;  then  place  the  Sub- 
stance, previously  reduced,  if  necessary,  to  a  moderately  fine  powder,  in  a  mortar; 
add  about  an  equal  measure  of  Sugar  of  Milk,  mix  well  by  means  of  a  spatula,  and 
triturate  the  powders  thoroughly  together.  Then  add  fresh  portions  of  the  Sugar 
of  Milk,  from  time  to  time,  until  the  whole  is  added,  and  continue  the  trituration 
after  each  addition  until  the  Substance  is  intimately  mixed  with  the  Sugar  of  Milk 
and  reduced  to  a  fine  powder. 

Remarks. — Note  that  the  sugar  of  milk  must  be  added  little  by 
little. 

TRITURATIO   ELATERINI.     Trituration  of  Elaterin. 

Redpe. — Elaterin,  ten  grammes 10  Gm. 

Sugar  of  Milk,  in  moderately  fine  powder,  ninety 

grammes 90  Gm. 

To  make  one  hundred  grammes .  .    100  Gm. 

Mix  them  thoroughly  by  trituration. 

Dose. — 30  milligrammes  (i  grain). 

20 
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OLEO-SACCHARA 

This  is  a  class  of  unofficial  preparations  which,  as  suggested  by  the 
name,  oleum  and  saccharum,  represents  a  sugar  which  has  been 
flavored  with  some  aromatic  oil.  Such  oleo-sacchara  are  quite 
popular  in  Germany,  where  they  are  used  as  diluents  in  the  preparing 
of  many  powders.  They  are  made  by  placing  the  sugar  in  a  mortar, 
adding  the  volatile  oil,  and  triturating  until  the  oil  is  thoroughly 
divided  by  the  sugar.  The  National  Formulary  gives  a  general 
formula  for  the  manufacture  of  them,  directing  that  they  be  made  of 
any  volatile  oil,  one  drop  triturated,  with  2  Gm.  of  sugar.  Those 
mostly  prescribed  are  the  oleo-saccharate  of  anise,  of  fennel,  and  of 
peppermint. 

ADMINISTRATION  OF  POWDERS 

A  medicated  powder  is  usually  administered  by  placing  the 
proper  dose,  if  small,  on  the  tongue,  and  then  swallowing  same  in  a 
draft  of  water.  In  cases  of  intensely  bitter  substances,  such  admin- 
istration is  scarcely  short  of  inhuman,  hence  efforts  have  been  made 
to  prevent  the  bitter  substance  from  coming  into  contact  with  the 
palate  by  enveloping  the  drug  in  a  tasteless  inert  tissue.  Such  is  the 
origin  of  the  now  widely  popular  cachets  and  capsules. 

CACHETS 

The  original  cachets  were  wafers  made  of  flour,  identical  with  the 
consecrated  bread  used  in  the  sacramental  service  of  the  Roman 
Catholic  Church. 


Fig.  176. — Limousin's  cachet: 
a,  Finished  cachet;  b,  cachet 
funnel  (enlarged);  c,  cachet  con- 
taining powder;  d,  portion  of 
cachet  board  with  (e)  presser 
and  moistener. 


^^O'TO-^D^^ 


Fig.  177. — Conseal  filling  apparatus. 


These  wafer  papers  were  made  of  pure  flour  paste,  rolled  between 
hot  greased  rollers,  thus  driving  out  the  moisture  and  leaving  the 
paste  in  a  thin,  translucent  sheet.  Such  wafer  papers  are  put  on  the 
market  in  either  round  or  square  forms,  and  in  dispensing  powders 
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in  such  wafers  the  wafer  is  placed  in  the  bowl  of  a  tablespoon  which 
has  been  previously  moistened  with  about  a  half  teaspoonful  of  water. 
After  the  wafer  has  been  in  the  spoon  for  about  a  minute,  the  outer 
surface  will  become  uniformly  moistened,  and  into  the  interior  of  the 
wafer  is  then  placed  the  powder,  the  wafer  edges  folded  over  while 
still  in  the  spoon,  thus  making  a  three-cornered  or  nearly  round 
package.  The  folded  wafer  is  then  quickly  immersed  in  the  water, 
placed  in  the  mouth,  and  swallowed  by  aid  of  a  draft  of  water. 

As  can  be  imagined,  the  administration  of  powders  in  wafer  papers 
is  exceedingly  crude,  and  it  was  not  long  before  attempts  were  made 
to  use  the  same  principle  in  a  more  elegant  way.  This  was  accom- 
plished by  Limousin,  who  introduced  wafers  in  the  form  of  concave 
halves,  each  half  being  provided  with  a  flange,  which  can  be  moistened 
and  pressed  to  the  other  half,  thus  securing  adhesion.  (See  Fig.  176.) 
The  powder  is  placed  on  one-half  and  the  other  half  moistened  with 
water  along  its  flange,  placed  on  the  half  containing  the  powder,  and 
in  this  way  a  tightly  sealed  elliptic  disk,  containing  powder  on  the 
interior,  is  obtained.  Limousin  introduced,  along  with  this  cachet, 
elaborate  machinery  for  the  sealing  of  same,  and  such  a  mode  for  the 
administration  of  powders  is  popular  in  European  countries. 

Conseals  are  a  very  slight  variation  of  the  original  Limousin  wafer, 
the  shape  of  them  being  the  same,  but  the  filling  apparatus  is  simpler. 
The  appended  sketches  fully  explain  the  various  portions  of  the  sealing 
apparatus,  so  extended  comment  is  unnecessary  (Fig.  177). 


CAPSULES 

Capsules  are  hemispheric  or  ovoid  shells  of  gelatin,  and  are  used 
for  the  administration  of  powders,  masses,  or  liquids.  According  to 
the  quantity  of  glycerin  contained  in  a  capsule  mass,  the  capsules  are 
hard  or  soft.  Hard  capsules  usually  have  been  the  form  shown  in  the 
appended  figures,  and  consist  of  a  shell  and  a  cover  (cap)  (a  and  6 
in   Fig.  178).     Soft  capsules   are  generally  shaped  like  a  flask,   as 


f=i 


Fig.  178. — Gelatin  capsvile: 
a,  The  cap;  b,  the  body. 


Fig.  179. — Soft  capsules:  a,  Unfilled;  b,  filled. 


shown  in  Fig.  179,  and  these  are  sealed  with  a  cap  by  dropping  a  bit 
of  melted  capsule  mass  on  the  orifice.  The  capsules  are  manufactured 
by  dipping  the  appropriate  mold  into  the  mass,  made  by  dissolving 
gelatin  in  a  mixture  of  hot  water  and  glycerin  in  such  proportions 
that  the  mass  is  fluid  when  heated  on  the  water-bath  and  solid  when 
cold.  Into  the  melted  mass  the  appropriate  mold,  made  of  bone  or 
ivory,  is  dipped  (Fig.  180),  with  the  result  of  coating  each  mold  with 
a  layer  of  gelatin.     When  the  molds  are  taken  from  the  molten  mass 
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and  placed  in  a  cool  place,  they  rapidly  solidify,  and  the  solid  dry 
capsules  are  stripped  from  the  molds  by  girls,  who  pull  them  off 
with  their  fingers. 

Soft  capsules  are  not  used  to  the  extent  that  they  should  be  by 
the  retail  pharmacist.     They  are  usually  employed  for  the  adminis- 


Fig.  180. — Stokes'  capsule  mold. 


tration  of  liquids,  and  can  be  secured  of  sizes  ranging,  in  capacity, 
from  one  fiuidrachm  to  a  half  fluidounce.     The  form  of  soft  capsule 

particularly  adapted  for  dis- 
pensing by  the  pharmacist  is 
that  made  by  the  Merz  Cap- 
sule Co.,  the  firm  having  also 
devised  an  ingenious  filler, 
shown  in  Fig.  181. 

Hard  capsules  have  be- 
come a  necessity  in  every 
drug-store,  and,  in  fact,  in  al- 
most every  household.  They 
range  in  size  from  the  ca- 
pacity of  0.12  Cc.  (No.  5)  to 
0.9  Cc.  (No.  00) ;  the  weight 
of  the  medicine  they  contain, 
of  course,  depending  on  the 
specific  gravity  of  the  sub- 
stance, and  in  case  of  a 
powder,  on  the  degree  of 
packing.  A  table  of  the  aver- 
age capacity  of  such  capsules  for  well-known  solids  is  found  on  the 
boxes  of  the  best-known  brands  of  capsules. 

Such  hard  capsules  can  be  used  for  the  administration  of  liquids 
almost  as  well  as  can  soft  capsules,  it  being  scarcely  necessary  to  state 
that  both  hard  and  soft  capsules  can  be  used  for  holding  only  those 
liquids  which  will  not  dissolve  gelatin.  Hence  the  dispensing  of 
liquids  in  capsules  is  limited  largely  to  fixed  and  volatile  oils. 

In  dispensing  oils  in  hard  capsules,  the  oil  is  introduced  into  the 
capsule  by  means  of  a  dropper  or,  better,  from  a  burette;  the  capsule 


Fig.  181. — Merz  capsule  filler. 
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is  then  sealed  by  moistening  sufficiently  to  cause  the  cap  to  adhere 
to  the  shell,  making  a  liquid-tight  joint. 

Two  ways  of  sealing  capsules  have  been  suggested,  the  first  by 
moistening  the  upper  edge  of  each  filled  shell  with  water  by  means 
of  a  delicate  camel's-hair  pencil  which  is  fastened  to  the  little  finger 
by  means  of  a  wire.  This  process  is  by  no  means  so  satisfactory  as 
the  one  devised  by  L.  C.  Hopp,  which  consists  of  placing  the  caps 
with  the  open  end  down  on  a  flat  dish  or  tin  box-cover,  into  which  a 
minute  quantity  of  diluted  alcohol  is  poured.  After  letting  the  caps 
remain  in  the  diluted  alcohol  for  a  minute  or  two  they  will  have 
absorbed  just  enough  water  to  make  them  adhere  and  yet  not  enough 
to  make  them  soft.  After  the  caps  are  fitted  into  the  shells,  all  that 
is  necessary  is  to  rotate  that  portion  of  the  capsule  where  the  seal  has 
been  made  between  the  fingers  for  a  few  seconds.  Such  finished  hard 
capsules,  containing  oils,  should,  however,  before  dispensing,  be 
placed  on  a  filter-paper  to  see  if  there  is  any  leak.  Those  that  leak 
should,  of  course,  be  rejected. 

In  dispensing  solid  drugs  in  capsules  recourse  was  formerly  had 
to  the  working  of  the  solid  into  a  pill  mass,  dividing  the  mass  into 
pieces,  as  in  making  pills,  rolling  these  pieces  into  cylinders,  and 
inserting  the  same  into  the  capsule.  Such  method  of  dispensing 
solids  is,  however,  no  longer  considered  good  form,  and  the  pharmacist 
should  always  dispense  capsules  containing  the  drugs  in  powder  unless 
otherwise  directed  by  the  physician,  or,  which  means  the  same  thing, 
unless  the  physician  prescribes  some  semisolid  or  liquid  along  with  the 
powdered  drug. 

Capsules  afford  a  means  for  dispensing  powders  in  the  most 
readily  soluble  form,  and  such  capsules  containing  the  powders  are 


^Q 


Fig.  182. — Remington  capsule  cleaner. 

much  better  than  any  class  of  pills  yet  devised,  not  even  excepting 
the  much  vaunted  friable  pills.  Such  capsules  contain  nothing  but 
the  powders  surrounded  by  a  gelatin  shell,  and  the  moment  they 
enter  the  stomach  the  gelatin  dissolves,  thus  throwing  the  powders 
into  the  stomach  in  absorbable  form.  It,  therefore,  behooves  the 
progressive  pharmacist  to  emphasize  to  physicians  his  ability  to 
dispense  such  capsules  and  to  add  the  fact  that  this  form  of  adminis- 
tration of  drugs  is  superior  to  any  form  of  ready-made  pill. 

The  filling  of  capsules  with  powders  can  be  accomplished  by 
placing  the  mixture  of  powders  on  a  clean  sheet  of  paper  and  pressing 
the  shell  into  the  mixture  of  the  powders,  when  it  will  gradually  fill 
by  gentle  pressure.  In  order  to  obtain  the  exact  amount  of  powder 
directed  for  each  dose,  each  filled  capsule  should  be  weighed,  and 
this  is  an  easy  matter  by  having  on  one  scale  the  weight  plus  the 
empty  capsule,  and  throwing  the  filled  capsule  on  the  other  pan.  If 
the  exact  quantity  is  not  in,  a  little  more  pressure  will  bring  the 
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sufficient  weight,  and  in  case  of  an  excess,  a  slight  tapping  of  the 
inverted  capsule  will  throw  out  the  surplus.  The  filled  capsule  must 
be  carefully  cleaned  from  adhering  drug.  This  can  be  done  by  wiping 
each  capsule  with  a  clean  dry  cloth  or,  better,  by  use  of  the  Reming- 
ton capsule  cleaner  (Fig.  182). 


Fig.  183. — Ihrig  capsule  filler. 

There  have  been  a  large  number  of  special  apparatus  for  capsule 
filling  placed  on  the  market.  Of  these,  but  two  forms  can  here  be 
taken  up. 

The  Ihrig  capsule  filler  is  shown  in  Fig.  183.  It  consists  of  a 
metal  base  with  a  movable  plate,  having  perforations  to  hold  the 
various  sized  capsules,  which  can  be  raised  out  of  the  perforations, 


Fig.  184. — Remington  automatic  capsule  filler  (see  text). 

in  this  case  by  means  of  a  thumb-screw  instead  of  the  inclined  plane 
of  an  Acme  machine.  The  perforations  on  the  plate  are  arranged  to 
fill  the  five  sizes  of  capsules,  each  set  of  the  different  sizes  of  the 
perforations  being  arranged  in  the  portion  of  the  plate  by  itself. 
When  the  apparatus  is  used,  as  also  in  the  case  of  the  Acme  apparatus, 
the  shell  of  the  capsule  should  be  on  a  perfect  level  with  the  top  of  the 
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plate,  or  a  trifle  below  the  surface.  When  the  requisite  amount  of 
capsules  have  been  placed  in  the  plate,  the  powder  is  poured  on  that 
part  of  the  plate  and  gradually  forced  into  the  shell  of  the  capsule  by 
the  use  of  a  spatula,  the  last  portion  of  the  work  being  aided  by  a 
punch  which  fits  into  three  capsules  at  one  time.  When  all  the  cap- 
sules have  been  filled,  the  thumb-screw  is  turned  so  that  the  plate  is 
lowered  against  the  pegs  that  project  from  the  base,  the  plugs  then 
pass  into  the  perforations  of  the  plate,  thus  pushing  the  shells  above 
the  surface  of  the  plate.  A  cap  is  then  placed  on  each  shell,  and  the 
sealed  capsule  removed  from  the  plate. 

The  latest  filler  is  the  Remington  automatic  (Fig.  184),  which 
uncaps,  fills,  recaps,  and  discharges  the  capsule  with  no  handling 
beyond  dropping  it  into  the  hole. 


CHAPTER   XIX 
MASSES,  CONFECTIONS,  AND  PILLS 

MASSES 

Masses  are  combinations  of  medicines  worked  up  with  enough 
liquid  to  make  solids  of  sufficient  plasticity  to  roll  into  pills. 

The  manufacture  of  the  official  masses  is  a  matter  of  little  difficulty, 
as  in  each  recipe  the  quantity  of  liquid  prescribed  is  sufficient  to  make 
a  mass  of  the  required  plasticity.  The  manufacture  of  dry  powders 
into  pill  masses  is  a  matter  requiring  skill,  and  will  be  fully  dealt  with 
when  considering  pills. 

There  are  but  two  masses  recognized  by  the  pharmacopoeia;  one 
of  them  is  a  chemical  preparation  (mass  of  ferrous  carbonate),  the 
other,  a  galenic  (mass  of  mercury).  Mass  of  copaiba  was  recognized 
in  the  pharmacopoeia  of  1890,  but  was  dropped  at  the  last  revision. 

SPECIAL  NOTES  ON  OFFICIAL  MASSES 

MASSA  FERRI   CARBONATIS.     Mass  of  Ferrous  Carbonate. 

This  preparation,  commonly  called  Vallet's  mass,  can  best  be 
studied  among  the  preparations  of  iron  in  Part  III. 

MASSA  HYDRARGYRI.     Mass  of  Mercury. 

Recipe  and  details  of  manufacture  will  be  found  in  Part  VII. 

Remarks. — Mass  of  mercury  is  the  well-known  "blue  mass,"  and 
its  manufacture  by  hand  is  a  matter  demanding  skill  and  labor.  The 
tendency  of  the  mercury  to  run  together  and  to  form  globules  is  well 
known,  and  in  making  the  mass  we  aim  to  break  the  mercury  into 
globules  so  small  that  they  are  not  even  visible  under  the  glass  magni- 
fying ten  diameters.  These  minute  globules  are  coated  with  some- 
thing that  will  prevent  them  from  running  together,  and  this  process 
of  division,  called  "extinguishing,"  is  accomplished  in  the  mass  by 
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triturating  the  mercury  with  honey  of  rose,  and  then  adding  althaea, 
glycyrrhiza,  and  glycerin. 

Dose. — 250  milligrammes  (4  grains). 

MASSA  COPAIBiE    (U.  S.  P.  1890).     Mass  of  Copaiba. 

This  former  official  is  interesting  because  94  parts  of  the  liquid, 
copaiba,  are  directed  to  be  solidified  by  trituration  with  6  parts  of 
magnesia;  this  solidification  being  due  to  the  formation  of  the  magne- 
sium salt  of  copaivic  acid  found  in  the  oleoresin.     (See  p.  854.) 

Every  specimen  of  copaiba,  however,  does  not  solidify  on  treatment 
with  magnesia,  nor  is  it  fair  to  claim  that  such  copaiba  is  not  up  to 
pharmacopoeial  requirements.  The  copaibas  of  commerce  are  divided 
into  two  groups — the  ordinary  and  the  solidifiable;  and  in  preparing 
the  mass  of  copaiba  the  latter  should  be  used  exclusively. 

It  is  claimed,  however,  that  much  of  the  solidifiable  copaiba  of 
commerce  is  made  so  by  addition  of  ordinary  rosin. 

There  are  several  proprietary  articles  on  the  market  under  the 
name  of  extract  of  copaiba  which  closely  resemble  the  official  mass. 
They,  however,  are  usually  solidified  by  trituration  with  the  cheaper 
alkali,  lime. 

By  reason  of  the  solidification  of  copaiba  with  magnesia,  that 
substance  is  indicated  as  the  excipient  in  making  pills  containing 
copaiba. 

CONFECTIONS 

Confections  are  a  class  of  preparations  in  which  medicinal  sub- 
stances are  combined  with  saccharine  substances,  like  jellies  or  the  pulp 
of  fruits.  Confections  are  also  called  conserves  and  electuaries,  the 
word  confection  being  derived  from  the  Latin  "conficio,"  meaning 
to  make  up.  In  the  days  of  ancient  pharmacy  confections  were  a 
favorite  mode  of  administration  of  medicines,  since  nearly  all  medicines 
then  administered  were  nauseous  and  disgusting,  and  in  order  to 
render  them  more  palatable,  attempts  were  made  to  cover  the  unpleas- 
ant features  by  combining  them  with  sweet  substances. 

In  ancient  times  a  large  number  of  confections  were  used,  a  famous 
one  of  which  was  the  confection  of  Damocratis,  which  contained  from 
40  to  50  ingredients. 

Instead  of  the  long  line  of  confections  of  the  olden  days,  but  two 
are  recognized  by  the  present  pharmacopoeia,  confection  of  rose  and 
confection  of  senna. 

CONFECTIO   ROS.S.     Confection  of  Rose. 

Recipe. — Red  Rose,  in  No.  60  powder,  eighty  grammes 80  Gm. 

Sugar,  in  fine  powder,  six  hundred  and  forty  gram- 
mes    640  Gm. 

Clarified  Honey,  one  hundred  and  twenty  grammes.  120  Gm. 
Stronger  Rose  Water,  one  hundred  and  sixty  cubic 

centimeters 160  Cc. 

To  make  about  one  thousand  grammes . .  1000  Gm. 

Rub  the  Red  Rose  with  the  Stronger  Rose  Water  previously  heated  to  65°  C. 
(149°  F.),  then  gradually  add  the  Sugar  and  Clarified  Honey,  and  beat  the  whole 
together  until  a  uniform  mass  results. 
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Remarks. — This  has  practically  no  medicinal  value,  but  is  a  pleasant 
addition  to  pill  masses.     No  dose  is  assigned  it  by  the  pharmacopoeia. 

CONFECTIO   SENN^.     Confection  of  Senna. 

Recipe. — Senna,  in  No.  60  powder,  one  hundred  grammes 100  Gm. 

Cassia  Fistula,  bruised,  one  hundred  and  sixty  gramr- 

mes 160  Gm. 

Tamarind,  one  hundred  grammes 100  Gm. 

I*rune,  sliced,  seventy  grammes 70  Gm. 

Fig,  bruised,  one  hundred  and  twenty  grammes 120  Gm. 

Sugar,  in  fine  powder,  five  hundred  and  fifty-five 

grammes 555  Gm. 

Oil  of  Coriander,  five  grammes 5  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  thousand  grammes . .  1000  Gm. 

Digest  the  Cassia  Fistula,  Tamarind,  Prune,  and  Fig  with  five  hundred  cubic  centi- 
meters of  Water  in  a  covered  vessel,  by  means  of  a  water-bath,  for  three  hours. 
Separate  the  coarser  portions  and  rub  the  pulpy  mass,  first  through  a  coarse  hair 
sieve,  and  then  through  a  muslin  cloth.  Mix  the  residue  with  one  hundred  and  fifty 
cubic  centimeters  of  Water,  and,  having  digested  the  mixture  for  a  short  time,  treat 
it  as  before,  and  add  the  product  to  the  pulpy  mass  first  obtained.  Then,  by  means 
of  a  water-bath,  dissolve  the  Sugar  in  the  pulpy  liquid,  and  evaporate  the  whole 
in  a  tared  vessel,  until  it  weighs  eight  hundred  arid  ninety-five  grammes.  Lastly,  add 
the  Senna  and  the  Oil  of  Coriander,  and  incorporate  them  thoroughly  with  the  other 
ingredients  while  they  are  yet  warm. 

Remarks. — Confection  of  senna  is  an  admirable  preparation 
furnishing  an  efficient  laxative  in  a  palatable  form. 

A  large  number  of  preparations  of  composition  similar  to  con- 
fection of  senna  have  been  put  on  the  market  as  patent  medicines, 
the  semisolid  mass  being  broken  in  pieces  and  eaten  when  required. 

The  best  known  of  this  class  of  patents  is  Tamar  Indienne.  Of 
late  years  even  the  proprietary  articles  have  fallen  into  disuse,  while 
the  official  confection  of  senna  is  rarely  prescribed  by  physicians. 

Dose. — 4  Gm.  (60  grains). 

PILLS 

Pills  are  spheric,  globular,  or  lenticular  masses,  each  containing 
a  definite  dose  of  medicinal  substances,  administered  by  swallowing 
whole. 

The  manufacture  of  pills,  while  formerly  one  of  the  most  important 
branches  of  pharmacy,  is  becoming  a  lost  art,  due  to  the  introduction 
of  machinery  which  can  perform  the  work  with  much  greater  expedi- 
tion; but  since  extemporaneously  prepared  pills  are  usually  better 
than  the  manufactured  ones,  by  reason  of  the  greater  solubility,  it 
is  important  that  all  the  details  of  their  preparations  be  fully  under- 
stood. 

The  manufacture  of  pills  by  hand  can  be  roughly  divided  into 
three  parts:  first,  making  the  mass;  second,  dividing  the  mass;  third, 
rolling  the  pills. 

Making  the  Mass. — In  performing  this  operation  the  medicinal 
ingredients  are,  after  careful  trituration  until  uniform  subdivision 
is  obtained,  worked  into  that  plastic  semisolid  form  known  as  a  mass. 
This  mass  should  possess  four  requirements  if  it  be  ideal:  first,  it 
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should  be  sufficiently  adhesive  that  it  can  be  rolled  without  falling  to 
pieces;  second,  it  should  be  firm  enough  to  retain  its  shape  when 
rolled,  and  yet  not  so  soft  that  the  finished  pills  are  flattened  during 
drying;  third,  it  should  be  plastic  enough  to  be  easily  rolled — that  is, 
not  so  hard  as  to  make  the  rolling  a  matter  of  considerable  labor; 
fourth,  and  most  important  of  all,  the  pill  mass  should  be  soluble; 
that  is,  on  being  introduced  into  the  stomach  it  should  disintegrate 
within  a  reasonable  time. 

In  making  a  pill  mass  we  usually  have  recourse  to  the  excipient, 
and  this  excipient  is  different  from  what  we  usually  and  narrowly 
conceive  it  to  be.  Ordinarily,  we  consider  it  as  a  sticky  mass  with 
which  we  "paste"  up  a  solid  into  pill  form.  In  the  broad  sense, 
however,  the  term  applies  with  equal  force  to  those  substances  with 
which  we  solidify  liquids  into  pill  form — like  the  magnesia  used  to 
solidify  copaiba. 

Among  the  excipients  used  in  making  pharmaceutic  pills  are 
water,  sulphuric  acid,  syrup,  syrup  of  acacia,  mucilage  of  acacia, 
glycerin,  glucose,  honey,  glycerite  of  tragacanth,  extract  of  gentian, 
bread-crumbs,  soap,  resin  cerate,  petroleum  mass. 

Water  is  used  for  making  pills  only  when  the  pill  mass  contains 
some  ingredient,  which,  when  moistened,  forms  an  excipient.  Thus, 
if  the  mixed  powder  contains  gummy  substances,  say,  acacia  or  soap, 
the  addition  of  a  few  drops  of  water  and  working  up  of  the  mixture 
will  result  in  a  pliable  mass.  In  such  cases,  however,  the  action  is 
the  same  as  if  mucilage  of  acacia  or  soap  and  water  were  used. 

Sulphuric  acid,  either  concentrated  or  in  the  form  of  aromatic 
sulphuric  acid,  is  sometimes  used  as  an  excipient  in  the  manufacture 
of  pills  of  quinine  sulphate.  When  the  acid  is  added  to  this  chemical 
it  forms  a  soft  and  comparatively  plastic  mass  of  quinine  bisulphate, 
which  can  be  divided  into  pills  if  the  mass  is  worked  rapidly.  Such 
method  of  dispensing  quinine  sulphate  was  very  largely  employed  in 
the  South  in  previous  years,  but  is  now  falling  into  disuse. 

Syrup  is  used  for  certain  forms  of  pills,  but  is  scarcely  efficient 
unless  there  is  present  in  the  mixed  powder  some  gummy  substance. 

Syrup  of  acacia  would  be  an  excellent  excipient  were  it  not  for 
the  fact  that  the  finished  product,  when  dry,  is  usually  so  hard  as 
seriously  to  impair  its  solubility. 

Mucilage  of  acacia  has  the  same  advantages  and  disadvantages 
of  syrup  of  acacia. 

Glycerin  is  rather  extensively  used  in  making  the  pills  of  the 
alkaloids,  such  as  quinine  sulphate.  It  has  never  been  found  satis- 
factory in  the  hands  of  the  writer  by  reason  of  its  lack  of  adhesiveness. 
One  advantage  of  glycerin  as  an  excipient  is  that  its  hygroscopic 
character  keeps  the  pill  soft  and  thus  soluble  for  quite  a  while. 

Glucose  is  very  largely  used  as  an  excipient,  being  both  adhesive 
and  plastic. 

Honey  is  sometimes  used,  but  it  has  no  advantage  over  glucose, 
of  which  it  largely  consists,  and  possesses  the  very  decided  disadvan- 
tage of  imparting  to  the  mass  a  slight  brownish  tint. 

Glycerite  of  tragacanth,  consisting  of  three  drachms  of  powdered 
tragacanth,  three  fluidounces  of  glycerin,  and  one-half  fluidounce  of 
water,  has  always  been  the  writer's  favorite  excipient,  it  yielding  a 


MASSES,   CONFECTIONS,   AND   PILLS  315 

mass  both  plastic  and  adhesive  and  firm.  Similar  results  can  be 
gained  by  the  use  of  the  official  glycerite  of  starch. 

Extract  of  gentian  is  frequently  prescribed  as  an  excipient  and  is 
valuable  in  tonic  pills.  It  should,  however,  never  be  used  as  an  excipient 
unless  so  directed  by  the  physician.  In  the  first  place,  gentian  has 
marked  medicinal  properties,  and  the  pharmacist  should  never  add 
to  a  prescription  any  medicine  other  than  that  directed  in  the  recipe. 
Another  point  is  that  it  possesses  a  brownish  tint,  and  in  making 
pills  of  colorless  substances  the  mass  will  be  discolored,  a  defect  that 
the  careful  pharmacist  will  never  permit. 

Bread-crumb  is  used  for  holding  liquids,  such  as  volatile  oils, 
in  the  plastic  form.  Thus,  were  pill  of  croton  oil  directed,  the  crumb 
of  bread  would  be  indicated.  Magnesia  is  used  in  a  similar  way 
with  the  liquids  on  which  it  exerts  a  solidifying  action.  Thus,  copaiba 
directed  in  pills  should  be  massed  by  means  of  magnesia  (see  above), 
and  this  is  also  true  of  Venice  turpentine. 

Soap  is  used  in  persuading  resinous  substances  to  assume  the 
plastic  form.  Thus,  all  official  pills  containing  aloes  are  made  plastic 
and  adhesive  by  the  addition  of  soap.  This  explains  its  presence  in 
compound  extract  of  colocynth;  and  it  might  here  be  stated  that  an 
attempt  to  make  compound  cathartic  pills  with  the  simple  extract  of 
colocynth  instead  of  the  compound  extract  proves  a  failure  by  reason 
of  the  absence  of  soap. 

The  resin  cerate  and  petroleum  mass  are  used  as  excipients  for  pills 
containing  easily  oxidizable  substances,  such  as  potassium  perman- 
ganate, chromic  acid,  and  silver  oxide.  For  this  purpose  a  petroleum 
mass  consisting  of  kaolin,  3  parts;  paraffin,  1  part;  and  vaselin,  3 
parts,  can  be  used  to  advantage. 

The  following  drugs,  frequently  prescribed  in  pill  form,  require 
special  manipulation: 

Creosote,  or  guaiacol,  or  other  oily  liquids  may  be  massed  by 
diluting  with  an  absorbent  powder  like  glycyrrhiza  or  althaea,  and 
massing  with  ordinary  excipient.  From  such  pills,  however,  the  oils 
gradually  ooze  out,  and  the  best  way  is  to  inclose  the  mass  in  capsules. 
T.  M.  Pratt  found  that  by  rubbing  the  oil  with  acacia,  then  with  the 
diluting  powders,  and  then  with  excipient,  the  oil  is  partially  emulsified 
and  the  "sweating"  is  prevented. 

Heavy  salts,  like  bismuth  subnitrate,  calomel,  or  sodium  bicarbonate, 
can  be  massed  with  glycerite  of  tragacanth.  If  desirable,  a  small 
quantity  of  powdered  elm  bark  may  be  added. 

Bismuth  subnitrate  and  sodium  bicarbonate  when  massed  together 
swell  and  disintegrate,  due  to  liberation  of  carbon  dioxide.  The 
powders  should  be  moistened  first  with  water  and  let  stand,  until 
the  reaction  is  over  (one  to  three  hours) ;  then  massed  with  glycerite 
of  tragacanth. 

The  making  of  a  pill  mass  is  performed  by  thoroughly  blending 
the  powders  by  triturating  in  a  mortar,  adding  the  necessary  quantity 
of  excipient,  and  working  the  mixture  with  a  pestle  until  a  plastic 
mass  results.  (For  details  of  the  process  see  p.  1106.)  The  making 
of  a  successful  pill  mass  is  merely  a  matter  of  practice,  and  depends 
largely  on  the  adding  of  the  exact  quantity  of  excipient  when  first 
starting  the  kneading.     This  really  explains  the  psychology  of  the 
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"favorite  excipient,"  it  being  the  writer's  experience  that  the  druggist 
holds  as  firmly  to  his  pet  excipient  as  he  does  to  his  political  creed. 
The  reason  for  this  is  that  the  individual  has  mastered  the  peculiarities 
of  this  special  excipient,  and  such  excipient  is  in  his  case  the  best  that 
he  can  use,  inasmuch  as  he  has  learned  by  intuition  the  exact  amount 
required  for  each  pill  mass.  Hence,  unless  the  favorite  excipient 
possesses  marked  defects,  such  as  rendering  the  pills  insoluble  or  the 
like,  or  bringing  into  the  mass  a  medicinal  effect  not  expected  by 
physicians,  no  attempt  should  be  made  to  win  a  pharmacist  from  his 
favorite  excipient. 

Dividing  the  Mass. — When  the  mass  has  become  sufficiently 
worked,  that  is,  when  the  pressing  of  the  pestle  is  sufficient  to  enable 
the  mass  to  be  rolled  from  the  side  of  the  mortar,  it  is  then  rolled  into 
cylinders  and  divided  either  on  the  pill  tile  or  by  means  of  the  pill 
cutter.  The  details  of  the  use  of  a  pill  tile,  both  in  working  up  the 
mass  and  also  in  dividing  the  same,  is  fully  described  on  p.  1106,  and 
it  is  necessary  here  only  to  insert  a  picture  of  the  apparatus  (Fig.  185), 
which  is  made  of  porcelain,  with  the  painted  graduations  burnt  in 
during  the  process  of  glazing.  In  rolling  out  the  pill  mass  into  cylin- 
ders a  spatula  is  used  or,  what  is  preferable,  a  flat  board  shaped  like 
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Fig.  185.— Pill  tile. 


Fig.  186. — Pill-cutting  machine. 


a  paddle.     As  mentioned  on  p.  1106,  the  pill  tile  should  be  carefully 
dusted  with  the  appropriate  dusting-powder. 

As  to  pill-cutting  machines,  these  usually  consist  of  brass-bound 
walnut  boards,  holding  at  one  end  a  brass  mold,  which  is  divided  into 
a  definite  number  of  perfectly  uniform  hemispheric  concave  grooves. 
Working  on  this  is  a  cutter,  which  consists  of  a  narrow  piece  of  walnut, 
provided  at  each  end  with  stable  handles,  having  attached  to  one 
side  a  brass  plate  with  hemispheric  grooves,  exactly  fitting  those  on 
the  other  part  of  the  apparatus.  A  set  of  brass  rollers,  worked  on 
the  brass  bands  of  the  sides  of  the  plate,  completes  the  cutter  (Fig.  186). 
In  using  such  a  machine  the  cylinder  is  placed  on  the  wooden  part  of 
the  board  and  rolled  out,  preferably  with  a  wooden  paddle,  rather 
than  with  the  back  of  cutter,  to  a  length  including  the  number  of 
grooves  representing  the  number  of  pills  desired.  The  cylindric  pill 
mass  is  then  placed  on  the  grooves  of  the  machine,  and  the  grooves 
of  the  cutters  are  then  brought  down  upon  it,  thus  dividing  the 
cylinder  into  the  number  of  segments  desired.  If  the  diameter  of  the 
cylinder  exactly  coincides  with  the  diameter  of  the  grooves,  these 
segments  can  be  rolled  into  pills  by  a  gentle  rolling  of  the  two  plates 
on  each  other,  and  in  this  way  the  machine  does  not  merely  cut  the 
cylinder,  but  also  rolls  them  into  pills.     Special  pill  machines  are  on 
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the  market  in  which  the  grooved  plates  are  removable  from  the 
boards  and  also  from  the  cutter;  and  with  each  machine  goes  a  series 
of  these  plates  coinciding  with  the  average  size  of  pills.  Thus,  there 
is  one  set  of  plates  for  1-grain  pills,  2-grain  pills,  and  3-grain  pills, 
and  one  for  5-grain  pills.  Such  machines,  however,  are  rather 
expensive,  and  in  the  average  pharmacy  the  machine  is  used  for 
cutting  rather  than  for  rolling  the  pills.  In  purchasing  a  machine 
the  pharmacist  is  advised  to  secure  one  with  plates  having  at  least 
36  grooves;  the  smaller  machines,  cutting  only  12  pills,  cost  but  little 
less  than  the  wider  ones  and  are  not  so  useful. 

Rolling  the  Pills. — The  cut  segments,  unless  rolled  in  the  machines, 
are  taken  up  between  the  finger  and  the  thumb  and  rolled  by  means 
of  a  rotating  movement  until  perfectly  spheric.  The  finishing  touches 
are  performed,  especially  when  the  mass  is  hard  and  difficult  to  roll 
between  the  finger  and  the  thumb,  by  placing  the  partially  rolled  pills 
on  the  board  of  the  pill  machine,  dusting  fairly  liberally  with  the 
dusting-powder,  covering  with  a  wooden  pill  roller  (Fig.  187),  which 
is  then  held  firmly  by  the  hand  and  moved  over 
the  board,  either  in  the  form  of  circles  or  in 
figure  eights,  the  friction  between  the  roller  and 
the  board  being  sufficient  to  smooth  the  pills 
into  spheric  forms,  providing  the  mass  is  suffi- 
ciently firm.  If  the  pills  are  soft  the  pressure 
exerted  must  be  very  gentle,  and  it  is  usually 
advisable,  in  securing  successfully  rolled  pills,  that  the  depth  of  the 
roller  be  exactly  the  same  as  the  height  of  the  finished  pill.  To 
accomplish  this,  however,  it  would  be  necessary  to  have  a  set  of  rollers 
of  different  depths,  and  this  is  rarely  the  case  in  the  average  pharmacy. 

As  mentioned  on  p.  1106,  both  in  rolling  and  dispensing  the  pills 
they  are  dusted  with  powder,  designed  to  prevent  the  pills  from 
sticking  together.  It  is  considered  good  pharmacy  to  dust  the  color- 
less pills  with  a  white  powder,  such  as  a  finely  powdered  starch;  while 
those  which  are  of  a  dark  color  are  usually  dusted  with  lycopodium 
powder;  glycyrrhiza  is  used  as  a  dusting-powder,  especially  in  Ger- 
many, but  is  not  considered  so  satisfactory  as  lycopodium.  In  dis- 
pensing ready-made  coated  pills  no  dusting-powder  should  be  used. 

The  finished  pills  are  usually  dispensed  in  round  boxes,  commer- 
cially called  pill  boxes.  Of  late  years  square-shouldered  boxes  have 
come  into  use  among  the  better  pharmacies,  and  are  very  satisfactory, 
although  the  increased  cost  over  the  round  pill  boxes  renders  their 
use  less  popular  than  the  latter. 


Fig.  187.— Pill  roller. 


The  wrapping  of  a  pill  box  has  already  been  described  on  p.  298.  Pills  are  now 
made  on  an  enormous  scale  by  machinery,  the  finest  type  of  which  is  that  made  by 
Arthur  Colton,  of  Detroit.  The  outfit  consists  of  a  kneading  machine,  which  pre- 
pares the  mass;  a  rolling  machine,  in  which  lumps  of  the  mass  are  rolled  mto 
cylinders;  a  cutting  and  finishing  machine,  whicii  cuts  the  cylinder  into  the  indi- 
vidual pills  and  rolls  them  until  spheric  or  ovoid,  as  desired..  The  pills  are  then 
dried  and  coated. 


Friable  pills  are  a  class  introduced  by  Dr.  Upjohn  in  1885,  and 
were  much  vaunted  as  pills  made  without  excipient  and,  therefore, 
capable  of  disintegrating  as  soon  as  the  coating  is  dissolved.      The 
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process  of  manufacturing  these  pills  is  exceedingly  clever,  consisting 
of  placing  the  mixed  powder  containing  the  medicinal  substances  in 
a  cylindric  pill-coating  machine  (see  p.  319),  spraying  with  water, 
and  introducing  therein  a  lot  of  sugar  pellets,  about  ^  grain  in  size. 
As  these  pellets  are  rolled  in  the  moistened  powder  they  gradually 
collect  the  powder  in  a  way  quite  similar  to  making  a  large  snowball 
by  rolling  a  small  one  in  damp  snow.  The  rotation  of  the  pills  is 
continued  until  most  of  the  pills  are  of  the  desired  size.  They  are 
then  removed  from  the  machine,  and  are  sifted  through  special 
colanders  with  orifices  of  exactly  the  size  of  the  pill  desired.  Thus, 
in  making  quinine  pills  by  this  method  colanders  are  provided  with 
holes  which  have  been  carefully  determined  as  representing  1-grain, 
2-grain,  3-grain,  and  5-grain  pills.  Placing  the  pills  of  the  various 
sizes  into,  say,  the  3-grain  colander,  those  remaining  on  the  colander 
weigh  over  three  grains,  while  those  falling  through  are  from  1  to  3 
grains.  By  placing  those  which  have  fallen  through  on  a  2-grain 
colander,  those  smaller  than  3  grains  pass  through,  and  at  last  the 
desired  size  is  obtained.  The  pills  which  are  smaller  than  any  of  the 
required  sizes  are  returned  to  the  machine,  and  rotation  continued 
until  brought  up  to  the  weight  desired.  The  finished  pills  are  rapidly 
coated  with  either  sugar  or  gelatin,  and  are  thus  dispensed. 

C.  S.  N.  Hallberg  called  attention  to  the  fact  that  the  friable 
pills  presented  the  same  objection  as  is  made  to  most  of  the  commercial 
pills — that  is,  in  order  to  obtain  a  pill  the  coating  of  which  will  not 
discolor,  the  rolled  pill  is  first  coated  with  a  layer  of  plaster  of  Paris 
and  then  with  the  proper  coating. 

Coating  of  Pills. — As  mentioned  above,  the  fresh  pills  prepared 
by  the  pharmacist  are  coated  merely  by  dusting  with  some  powder, 
say,  starch  or  lycopodium.  A  century  ago  attempts  were  made  to 
present  the  pill  in  a  more  attractive  appearance  by  use  of  special  and 
permanent  coating;  the  first  material  used  for  this  purpose  was 
French  chalk,  which  is  a  variety  of  powdered 
soap-stone  (silicate  of  magnesium).  The  coating 
of  pills  by  this  process — called  pearl  coating — con- 
sists of  placing  the  finished  pill  in  a  small  dish 
containing  alcoholic  or  ethereal  solution  of  balsam 
of  tolu,  thus  coating  it  with  enough  of  the  balsam 
to  be  thinly  varnished.  While  this  varnish  is 
still  wet  they  are  thrown  into  French  chalk,  the 
mixture  of  pills  and  chalk  placed  in  a  small 
sieve,  and  an  excess  of  powder  removed  by  sifting. 
The  pills  are  then  placed  in  a  hollow  sphere  (Fig. 
188),  the  two  hemispheres  of  which  were  united 
Fig.  188. — Pill  siiverer.  by  means  of  a  screw-joint.  The  pills  were  rotated 
in  this  ball  by  vigorous  agitation,  and  in  this 
way  the  excess  of  chalk  was  thrown  off  and  that  remaining  was  worked 
into  a  smooth,  pearly  coating.  The  process  of  silver  or  gold  coating 
pills  was  performed  in  a  manner  quite  similar,  the  pills  were  first 
varnished,  as  in  the  pearl  coating,  then  placed  in  the  hollow  globe, 
containing  sheets  of  gold-  or  silver-foil;  by  rotating  the  pills  the  foil 
adheres  to  the  same,  and  by  vigorous  agitation  of  the  globe  the 
coating  became  uniform  and  polished. 
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Sugar  coating  was  first  introduced  by  confectioners  for  the  purpose 
of  coating  almonds.  Its  use  in  this  way  was  so  successful  that  there 
soon  arose  a  demand  for  pills  coated  in  the  same  manner,  and  with 
this  demand  began  the  industry  of  the  manufacture  of  sugar-coated 
pills. 

The  process  of  sugar  coating  pills  is  performed  in  spheric  pans, 
continuously  rotated  by  means  of  a  central  axis  by  means  of  steam 
power.  This  pan  is  usually  of  copper,  and  is  jacketed  so  that  it  can 
be  kept  uniformly  warm  with  steam.  Within  the  pan  a  quantity  of 
syrup,  almost  ready  to  crystallize,  is  placed,  and  when  the  walls  of 
the  pan  have  become  smeared  with  the  syrup,  the  rounded,  dried, 
uncoated  pills  are  placed  therein.  As  the  apparatus  rotates,  the 
heat  gradually  drives  off  the  water  from  the  syrup,  with  the  resulting 
formation  of  the  layers  of  sugar  on  the  pills,  the  process  being  con- 
tinued until  each  pill  is  uniformly  coated  with  a  hard,  white,  sugary 
layer.  The  coated  pills  are  then  taken  from  the  apparatus  and  are 
rotated  in  a  similar  apparatus  containing  paraffin  and  lined  with  rough 
canvas,  when  the  friction,  plus  the  wax,  produces  a  fine  polish. 

As  mentioned  above,  the  great  objection  to  the  sugar-coated  pills 
is  the  fact  that,  in  order  that  the  coating  of  pills  made  of  dark  con- 
stituents does  not  discolor,  it  is  necessary  to  coat  the  pill  with  a  layer 
of  plaster-of-Paris,  which  certainly  does  not  increase  the  rapid  solu- 
bility of  the  pill.  Of  late,  manufacturers  have  been  placing  on  the 
market  chocolate  and  pink-coated  pills.  These  are  prepared  in  a 
manner  similar  to  the  white-coated  pills,  with  the  exception  that  in 
the  first  case  a  small  amount  of  chocolate  is  added  to  the  syrup,  while 
in  the  case  of  the  pink,  carmine  coloring  is  added  to  the  syrup. 

The  sugar  coating  of  pills  is  a  process  which  cannot  be  done  by  the 
retail  pharmacist,  the  coating  pan  requiring  steam  power  and  steam 
heat.  Several  schemes  of  hand-made  sugar-coated  pills  have  been 
suggested,  but  when  tried  by  the  writer,  have  never  yielded  satis- 
factory results.  As  the  public  is  now  demanding  sugar-coated  pills, 
the  art  of  pill-making  is  rapidly  falling  into  disuse. 

Gelatin  coating  of  pills  is  done  just  as  well  by  the  retail  pharmacist 
as  by  the  manufacturer,  and  several  varieties  of  gelatin-coating 
apparatus  are  now  on  the  market  at  moderate  prices.  Essentially, 
the  process  consists  of  impaling  each  pill  on  a  long  needle  and  dipping 
the  same  into  a  solution  of  gelatin  of  the  proper  consistence.  Such 
a  solution  consists  of  gelatin,  200;  macerate  with  cold  water,  200; 
then  add  hot  water,  640;  mucilage,  300  (acacia,  102;  water,  300); 
syrup,  400;  glycerin,  60.  Dissolve  by  gentle  heat  and  then  strain. 
The  apparatus  devised  for  the  purpose  consists  merely  in  carrying 
out  this  idea  with  greater  expedition,  the  needles  being  arranged  in 
groups,  which  make  it  convenient  to  handle  considerable  quantities 
of  pills  at  one  time,  and  also  to  dry  them  easily. 

Two  types  of  gelatin-coating  machines  are  shown  in  Figs.  189, 
190 — the  Patch  machine  and  the  Maynard  machine.  In  the  Patch 
machine  the  pills  are  impaled  on  the  teeth  of  a  comb  (a) ;  the  ingen- 
ious part  of  the  process  is  the  drying  apparatus,  which  consists 
of  a  wheel  holding  seven  such  combs,  rotating  by  means  of  a  string 
(Fig.  189).  In  the  Maynard  machine  the  needles  are  grouped  on  a 
circular  disk,  corresponding  to  the  depressions  in  a  circular  plate 
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which  holds  the  pills  while  being  impaled.  The  impaled  pills  are 
then  dipped  into  the  gelatin  solution  and  are  dried  by  rapidly  whirl- 
ing the  disk  holding  them.  When  the  coating  is  dry,  the  pills  are 
loosened  from  the  pins  by  pressing  down  a  special  plate  in  the  twirler 
(Fig.  190). 

The   manufacture  of  pills  by  this   process  yields   an   admirable 
gelatin  coating,  which,  however,  has  been  criticized  by  reason  of  the 

fact  that  they  contain  minute 
orifices — the  pinholes.  The 
presence  of  this  pinhole  can  in 
no  way  interfere  with  the  fin- 
ished pill,  and,  if  anything,  will 
aid  in  solubility.  But  this  so- 
called  defect  has  been  seized  as 
an  opportunity  of  manufactur- 
ing a  pill  in  which  the  pinhole 
would  be  avoided.  This  is  ac- 
complished by  means  of  the 
Russell  gelatin-coating  ma- 
chine. In  this  ingenious  ap- 
paratus the  pills,  instead  of 
being  impaled  on  pins,  are  held 
on  the  end  of  minute  tubes  by 
means  of  suction.  As  shown  in 
Fig.  191,  the  apparatus  consists 
of  a  hollow  steel  plate,  the  flat 
sides  of  which  are  provided  with 
a  series  of  minute  tubes.  Suc- 
tion is  applied  by  means  of  flex- 


Fig.  189. — Patch's  improved  gelatin  pill-coater. 


ible  tubing  connecting  the  plate  with  an  air-pump,  when  the  plate  is  held 
over  a  disk  containing  hemispheric  depressions  exactly  corresponding  in 
number  and  position  to  the  tubes  in  the  plate.  In  each  depression  is 
mechanically  rolled  a  pill,  and  the  moment  the  plate  is  placed  over 
the  pills,  they  are  sucked  to  the  ends  of  the  tubes  and  are  thus  firmly 


Fig.  190. — Maynard's  gelatin  coater. 

held.  The  pill  is  then  dipped  into  the  gelatin  solution,  coated  half 
way,  turned  upward,  and  allowed  to  dry,  the  stop-cock  at  the  end  of 
the  plate  being  closed,  thus  continuing  the  vacuum  in  the  plate  even 
after  the  rubber  tube  connected  with  the  air-pump  has  been  removed. 
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The  tubing  is  then  connected  with  another  plate  of  the  same  kind, 
and  another  set  of  pills  are  coated;  and  in  this  way  the  coating  is 
continued  until  a  number  of  such  plates  have  been  filled  with  the 
pills  and  half  coated.  The  plates  containing  half-coated  pills  have, 
in  the  meanwhile,  been  placed  on  a  special  apparatus  consisting  of 
an  endless  chain  carrier,  and  have  been  gradually  moving  toward  the 
other  end  of  the  frame,  where  they  are  taken  charge  of  by  the  second 
operator,  who  transfers  the  pills  to  a  second  plate  by  suction  in  such 
a  way  that  they  are  grasped  by  their  coated  ends,  which  are  now  dry. 
The  pills  are  then  dipped  again  into  the  gelatin  solution,  and  the 
second  half  of  the  coating  thus  completed.  The  pills  are  then  placed 
once  more  on  the  endless  chain  carrier,  and  by  the  time  they  reach 
the  other  end  of  the  frame  they  are  thoroughly  coated  and  perfectly 
dry  (Fig.  191). 

Enteric  pills  are  a  special  form  of  pill  which  are  intended  to  pass 
through  the  acid  juices  of  the  stomach  without  dissolving,  to  dissolve 


Fig.  191. — Russell's  gelatin  coater. 

in  the  alkaline  juices  of  the  small  intestine.  To  accomplish  this 
result  it  is  necessary  to  coat  such  pills  with  a  material  which  dissolves 
in  alkalis  and  not  in  acids,  and  for  this  purpose  keratin  or  salol  is 
employed.  Keratin  is  a  commercial  product  obtained  from  goose- 
quills,  and  the  constituent  of  all  horny  matter.  In  using  it  as  a  pill 
coating  keratin  is  dissolved  in  ammoniacal  solution,  in  alcohol,  or  in 
glacial  acetic  acid.  The  pill  mass  must  be  made  with  butter  of  cacao, 
or  oil  of  sweet  almond,  and  must  be  free  from  moisture,  and  then 
rotated  in  the  keratin  solution  until  thoroughly  moistened,  taken  out 
and  dried,  and  the  coating  repeated  three  or  four  times.  By  reason 
of  the  complexity  of  thus  coating  pills  with  keratin  it  has  been  sug- 
gested to  coat  with  salol  by  dipping  the  pills  into  the  melted  chemical. 
The  pinhole  in  both  cases  of  coating  must  be  closed  by  the  addition 
of  a  small  quantity  of  coating  material.  Neither  form  of  enteric 
pill  is  very  largely  used,  and  it  is  said  that  the  salol  coating  does  not 
act  so  satisfactorily  as  does  keratin. 
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TABLE  OF  OFFICIAL  PILLS 


Process. 
Massing  and 

rolling. 
Uncoated.  Water 


Coated  pills. 


Exdpient. 


Diluted  alcohol. 

Syrup. 

Soap  and  water. 


Confection  of  rose. 
Acacia,  glycerin, 

and  syrup. 
Tragacanth,  glycerin, 

and  water. 
Acacia  and  water. 
Acacia,  glycerin,  and 

water. 


Galenic  Preparations. 


Compound  pills  of  rhu- 
barb. 

Pills  of  aloes  and  mastic. 

Compound  cathartic  pills. 

Vegetable  cathartic  pills. 

Pills  of  aloes  and  myrrh. 

Compound  laxative  pills. 

Pills  of  aloes. 

Pills  of  asafetida. 

Pills  of  opium. 

Pills  of  aloes  and  iron. 

Pills  of  podophyllum,  bel- 
ladonna, and  capsicum. 


Pills  of  phosphorus. 


Chemical  Prep- 
arations. 


Pills  of  ferrous 
carbonate. 

Pills  of  ferrous 
iodide. 


SPECIAL  NOTES  ON  OFFICIAL  PILLS 

PILULiE   ALOES.     PUls  of  Aloes. 

Recipe. — Purified  Aloes,  in  fine  powder,  thirteen  grammes. .  13  Gm. 

Soap,  in  fine  powder,  thirteen  grammes 13  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  hundred  pills .  .  100 

Mix  the  powders  intimately,  then  incorporate  sufficient  Water  to  form  a  mass, 
and  divide  it  into  one  hundred  pUls. 

Dose. — Two  pills. 

PILULE   ALOES   ET  FERRL     Pills  of  Aloes  and  Iron. 

Recipe. — Purified  Aloes,  in  fine  powder,  seven  grammes. ....       7  Gm. 

Exsiccated  Ferrous  Sulphate,  seven  grammes 7  Gm. 

Aromatic  Powder,  seven  grammes 7  Gm. 

Confection  of  Rose,  a  sufficient  quantity, 

To  make  one  hundred  pills .  .    100 

Mix  the  powders  intimately,  then  incorporate  sufficient  Confection  of  Rose  to 
form  a  mass,  and  divide  it  into  one  hundred  pills. 

Dose. — Two  pills. 


PILULE  ALOES  ET  MASTICHE.     Pills  of  Aloes  and  Mastic. 

Recipe. — Purified  Aloes,  in  fine  powder,  thirteen  grammes. ..  13  Gm. 

Mastic,  in  fine  powder,  four  grammes 4  Gm. 

Red  Rose,  in  fine  powder,  three  grammes 3  Gm. 

Diluted  Alcohol,  a  sufficient  quantity, 


To  make  one  hundred  pills .  .    100 

Mix  the  powders  intimately,  then  incorporate  sufficient  Diluted  Alcohol  to  form 
a  mass,  and  divide  it  into  one  hundred  pills. 
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Remarks. — These  pills  are  commonly  called  Lady  Webster's  after- 
dinner  pills.     They  are  massed  with  diluted  alcohol. 
Dose. — Two  pills. 

PILULiE   ALOES  ET  MYRRHiE.     Pills  of  Aloes  and  Myrrh. 

Recipe. — Purified  Aloes,  in  fine  powder,  thirteen  grammes. .  .  13  Gm. 

Myrrh,  in  fine  powder,  six  grammes 6  Gm. 

Aromatic  Powder,  four  grammes 4  Gm. 

Syrup,  a  sufficient  quantity 

To  make  one  hundred  pills.  .  100 

Mix  the  powders  intimately,  then  incorporate  suflScient  Syrup  to  form  a  mass, 
and  divide  it  into  one  hundred  pills. 

Dose. — Two  pills. 

PILULiE   ASAFCETIDJE.     Pills  of  Asafetida. 

Recipe. — Asafetida,  twenty  grammes 20  Gm. 

Soap,  in  fine  powder,  six  grammes 6  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  hundred  pills .  .  100 

Beat  the  solids  together  with  Water,  so  as  to  form  a  mass,  and  divide  it  into  one 
hundred  pills. 

Dose. — Two  pills. 

PILULiE   CATHARTICJE   COMPOSITiE.     Compound  Cathartic 

Pills. 

Recipe  and  full  details  of  manufacture  of  these  pills  will  be  found 
in  Part  VII. 

Remarks. — These  pills  contain  compound  extract  of  colocynth, 
mild  mercurous  chloride  (calomel),  resin  of  jalap,  and  gamboge,  made 
into  a  mass  with  diluted  alcohol. 

Dose. — Two  pills. 

PILULJE   CATHARTICiE   VEGETABILES.     Vegetable  Cathartic 

Pills. 

Recipe. — Compound  Extract  of  Colocynth,  sixty  grammes  60  Gm. 

Extract  of  Hyoscyamus,  thirty  grammes 30  Gm. 

Resin  of  Jalap,  in  fine  powder,  twenty  grammes. .  20  Gm. 

Extract  of  Leptandra,  fifteen  grammes 15  Gm. 

Resin  of  Podophyllum,  fifteen  grammes 15  Gm. 

Oil  of  Peppermint,  eight  cubic  centimeters 8  Cc. 

Diluted  Alcohol,  a  sufficient  quantity, 

To  make  one  thxrusand  pills . .  1000 

Mix  the  Compound  Extract  of  Colocynth  intimately  with  the  Resin  of  Podophyl- 
lum, Resin  of  Jalap,  and  Extract  of  Leptandra,  and  then  add  the  Oil  of  Peppermint. 
Rub  the  Extract  of  Hyoscyamus  with  enough  Diluted  Alcohol  to  render  it  plastic, 
then  incorporate  it  with  the  mixture  first  prepared,  using  a  sufficient  quantity  of 
Diluted  Alcohol  to  form  a  mass,  and  divide  it  into  one  thousand  pills. 

Remarks. — The  pills  are  similar  in  action  to  the  compound  cathartic 
pills,  but  are  free  from  calomel. 

Dose. — Two  pills.  '. 
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PILULE   FERRI   CARBONATIS.     Pills  of  Ferrous  Carbonate. 

These  pills,  commonly  called  Blaud's  pills,  depending  for  their 
activity  upon  a  chemical  action,  can  best  be  discussed  among  the 
iron  preparations  in  Part  III. 

PILULE   FERRI   lODIDI.     Pills  of  Ferrous  Iodide. 

These  pills  are  one  of  the  two  official  pills  directed  to  be  coated 
with  balsam  of  tolu  to  prevent  oxidation. 

Since  their  manufacture  depends  on  a  chemical  action,  they  will 
be  discussed  among  the  iron  preparations  in  Part  III. 

PILULE   LAXATIViE   COMPOSITiE.   Compound  Laxative  Pills. 

Recipe. — Aloin,  one  and  three-tenths  grammes 1.30  Gm. 

Strychnine,  five-hundredths  of  a  gramme 0.05  Gm. 

Extract  of  Belladonna  Leaves,  eight-tenths  of  a 

gramme 0.80  Gm. 

Ipecac,  in  fine  powder,  four-tenths  of  a  gramme. .  .  0.40  Gm. 
Glycyrrhiza,  in  fine  powder,  four  and  six-tenths 

grammes 4.60  Gm. 

Syrup,  a  sufficient  quantity, 

To  make  one  hundred  pills .  .  100 

Triturate  the  Aloin,  Strychnine,  Ipecac,  and  Glycyrrhiza  together  thoroughly,  so 
as  to  produce  a  uniform  powder.  Incorporate  with  this  the  Extract  of  Belladonna 
Leaves  and  sufficient  Syrup  to  form  a  mass,  and  divide  it  into  one  hundred  pills. 

RemarJcs. — This  new  official  has  been  a  most  popular  laxative 
during  the  past  decade,  and  is  familiarly  known  as  A.  B.  and  S.  pills; 
it  is  similar  to  the  commercial  lapactic  pills. 

Dose. — Two  pills. 

PILULE   OPII.     Pills  of  Opium. 

Recipe.— "Powdered  Opiiun,  six  and  one-half  grammes 6.5  Gm. 

Soap,  in  fine  powder,  two  grammes 2.0  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  hundred  pills . .  100 

Mix  the  powders  intimately,  then  incorporate  sufficient  Water  to  form  a  mass, 
and  divide  it  into  one  hundred  pills. 

RemarJcs. — Each  pill  contains  about  one  grain  of  opium,  and  is 
made  with  soap  and  water  as  the  excipient. 
Dose. — One  pill. 

PILULiE   PHOSPHORI.     PiUs  of  Phosphorus. 

Recipe  and  details  of  manipulation  will  be  found  in  Part  VII. 

RemarJcs. — Each  pill  contains  about  j^  grain  of  phosphorus, 
made  by  mixing  a  chloroformic  solution  of  phosphorus  with  althaea 
and  acacia,  adding  the  excipient,  glycerin  and  water,  and  rapidly 
massing,  cutting,  and  rolling  into  pills.  The  massing  must  be  done 
rapidly,  as  phosphorus  long  exposed  to  air  takes  fire  spontaneously. 
The  ignition  is  due  to  the  oxidation  of  phosphorus,  and  to  prevent 
this  oxidation  in  the  finished  pills  the  pharmacopoeia  directs  that 
they  be  coated  with  balsam  of  Tolu. 

Dose. — One  pill. 
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PILULiE   PODOPHYLLI,  BELLADONNiE  ET  CAPSICI.     PUls  of 
Podophyllum,  Belladonna,  and  Capsicum. 
Recipe. — Resin  of  Podophyllum,  one  and  six-tenths  grammes.    1.6  Gm. 
Extract  of  Belladonna   Leaves,  eight-tenths  of  a 

gramme  . 0.8  Gm. 

Capsicum,  in  moderately  fine    powder,  three  and 

two-tenths  grammes 3.2  Gm. 

Sugar  of  Milk,  in  fine  powder,    six  and  one-half 

grammes 6.5  Gm. 

Acacia,  in  fine  powder,  one  and  six-tenths  grammes. .  .   1.6  Gm. 

Glycerin, 

Syrup,  each,  a  sufficient  qiiantity, 

To  make  one  hundred  'pills . .     100 

Triturate  the  Resin  of  Podophyllum,  Capsicum,  Sugar  of  Milk,  and  Acacia 
together  to  produce  a  uniform  powder.  Incorporate  with  this  the  Extract  of  Bella- 
donna Leaves  and  sufficient  of  a  mixture  of  equal  parts  of  Glycerin  and  Syrup  to 
form  a  mass  ;  divide  it  into  one  hundred  pills. 

Dose. — One  pill. 
PILULE    RHEI    COMPOSITE.     Compound  Pills  of  Rhubarb. 

Recipe. — Rhubarb,  in  No.  60  powder,  thirteen  grammes 13.0  Gm. 

Purified  Aloes,  in  fine  powder,  ten  grammes 10.0  Gm. 

Myrrh,  in  fine  powder,  six  grammes 6.0  Gm. 

Oil  of  Peppermint,  one-half  cubic  centimeter 0.5  Co. 

Water,  a  sufficient  quantity, 

To  make  one  hundred  pills . .     100 

Mix  the  Oil  of  Peppermint  intimately  with  the  powders,  then  incorporate  suffi- 
cient Water  to  form  a  mass;  divide  it  into  one  hundred  pills. 

Dose. — Two  pills. 

Doses  of  Official  Pills 
As  already  mentioned,  pills,  troches,  and  suppositories  differ  from 
other  classes  of  official  pharmaceuticals  taken  internally  in  the  fact 
that  the  finished  products  are  subdivided  into  definite  doses;  hence 
while  the  dosage  of  other  preparations  are  by  weight  or  volume,  we 
administer  pills  and  troches  by  a  certain  number  of  subdivided 
particles.  The  pharmacopoeial  doses  of  all  official  pills  are  either  one 
or  two  pills. 

1  pill:     Pills  of  opium;  phosphorus;  podophyllum,  belladonna,  and  capsicum. 

2  pills:  Pills  of  aloes;  aloes  and  iron;  aloes  and  mastic;  aloes  and  myrrh; 
asafetida;  compound  cathartic;  vegetable  cathartic;  ferrous  carbonate;  ferrous 
iodide;  compound  laxative;  compound  rhubarb. 

COMPRESSED  TABLETS 

These  are  lenticular  masses  of  medicinal  substances  forced  into 
a  solid  mass  by  compression.  Compressed  tablets  were  introduced 
by  Brockedon  in  1843,  and  soon  became  popular  by  reason  of  their 
convenience  and  simplicity  of  manufacture.  It  must  be  said,  however, 
that  compressed  tablets  are  open  to  the  possible  objection  of  insolu- 
bility. Many  substances,  when  compressed  sufficiently  firmly  to 
hold  together,  are  very  difficultly  soluble.  In  the  manufacture  of 
compressed  tablets  this  should  be  borne  in  mind,  and  care  should  be 
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exercised  in  so  blending  the  ingredients  as  to  render  them  as  soluble 
as  possible  under  the  circumstances. 

The  making  of  such  compressed  tablets  depends  chiefly  on  the 
proper  blending  of  the  ingredients,  foreign  substances  being  added 
either  to  secure  solubility  or  to  prevent  sticking  in  the  mold.  These 
added  inert  constituents  can  be  roughly  grouped  under  the  word 
excipient.  For  each  combination  of  chemicals  the  excipient  should 
be  studied,  even  as  we  do  in  the  case  of  pills,  and  the  special  directions 
are  beyond  the  limits  of  this  work.  Suffice  it  here  to  cite  a  typical 
combination  for  a  mass  intended  for  compression.  For  this  purpose 
a  medicinal  substance  is  combined  with  one-tenth  its  weight  of  sugar 


Fig.  192. — Compressed  tablet 
mold. 


Fig.  193. — Compressed  tablet  machine. 


and  one-twentieth  its  weight  of  gum  arabic.  The  mass  is  then  mixed 
with  a  little  water,  granulated  by  passing  through  a  coarse  sieve, 
and  then  carefully  dried.  The  dried  granular  mass  is  then  sprayed 
with  liquid  petrolatum,  ten  or  twelve  drops  being  enough  for  a  pound 
of  mass.  Such  mass,  on  compression,  yields  a  tablet  that  is  fairly 
soluble,  while  the  lubricant  (liquid  petrolatum)  is  squeezed  out  upon 
the  surface  of  the  compressed  tablet,  thus  preventing  the  mass  from 
sticking  to  the  mold. 

For  the  purpose  of  preventing  the  mass  from  adhering  to  the  dies 
of  the  machine,  French  chalk  is  sometimes  used,  although  in  general 
practice  liquid  petrolatum  is  more  satisfactory. 

In  making  compressed  tablets  of  quinine  it  is  essential  that  the 
quinine  be  in  a  satisfactory  condition  before  attempting  to  compress 
it,  as  otherwise  they  are  almost   sure  to  adhere  to  the  mold.     The 
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quinine  should  be  at  first  sufficiently   dried,   and  then   should  be 
granulated  and  sprayed  with  paraffin  oil. 

The  apparatus  used  in  compressing  tablets  consists,  in  its  simplest 
form,  of  a  steel  cylinder  pierced  with  a  central  bore,  in  which  fits  a 
plunger  the  end  of  which  is  convex,  while  at  the  other  end  of  the 
cylinder  fits  the  lower  die,  consisting  of  a  cylindric  piece  of  steel 
similar  to  the  plunger,  but  shorter,  terminating  in  a  broad  base. 
The  cylinder  is  fitted  to  the  lower  die  and  the  quantity  of  powder 
directed  to  be  compressed  is  placed  within  the  bore  (Fig.  192).  The 
plunger  is  then  inserted,  and  the  mass  is  then  pressed  against  the 
lower  die,  forming  a  firm  lenticular  disk  if  the  pressure  be  sufficient. 
The  pressure  is  produced  either  by  hitting  the  plunger  with  a  hammer 


Fig.  194. — Stokes'  "  Eureka  "  tablet  machine. 

or  mallet  or  by  means  of  an  iron  lever.  This  lever  is  sometimes  in 
the  form  of  a  long  handle  acting  from  a  hinge.  Of  these  machines, 
the  one  in  which  compression  is  performed  with  a  hammer  has  fallen 
into  disuse,  on  account  of  the  noise  accompanying  the  process  and 
its  general  unsatisfactory  character.  The  lever  machine  is  simple 
and  inexpensive,  and  should  be  found  in  every  pharmacy  for  the 
manufacture  of  extemporaneous  tablets.  An  excellent  modifica- 
tion of  the  lever  compressor  is  shown  in  Fig.  193.  A  very  good 
investment  for  the  prescription  department  is  the  more  expen- 
sive machine,  as  shown  in  Fig.  194.  In  these  machines  the  tablet 
mass  is  blended,  then  placed  in  the  appropriate  funnel,  and  the 
mechanism  is  worked  by  a  crank  on  the  end  of  the  circular  wheel 
which  transmits  power  not  merely  to  cause  the  automatic  rise  and 
fall  of  the  two  dies,  thus  pressing  the  tablets,  but  the  same  movement 
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also  causes  the  throwing  out  of  the  funnel  the  quantity  of  the  mass 
required  for  each  tablet,  and  the  flipping  aside  of  the  finished  tablet. 
Such  a  tablet  machine,  known  as  the  Stokes'  "Eureka"  machine, 
will  readily  make  100  tablets  a  minute.  In  large  manufacturing 
concerns  tablet  machines  having  a  higher  efficiency  are  used,  most 
notable    of    these    being   the    Stokes'-Clark    rotary   tablet    machine 


Fig.  195. — Stokes'-Clark  rotary  tablet  machine. 

(Fig.  195).  In  this  machine  there  is  a  series  of  dies  (12  to  25)  operating 
on  a  circular  plate,  and  being  mechanically  raised  and  lowered  during 
the  revolution  of  the  plate  by  means  of  cams;  each  revolution  of  the 
plate,  therefore,  produces  12  to  25  tablets,  and  as  the  machine  can  be 
run  very  rapidly,  it  is  capable  of  turning  out  from  30,000  to  50,000 
tablets  an  hour. 
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TABLET  TRITURATES 

These  are  flat  disks  containing  medicinal  substances,  prepared  by- 
making  a  paste  of  the  substance  and  forcing  them  into  the  orifices 
of  a  special  tablet  triturating  machine.  This  machine,  as  will  be  seen 
in  Fig.  196,  consists  of  a  plate  of  steel  or  gutta-percha  pierced  with 
a  number  of  accurately  bored  holes,  all  of  which  are  of  the  same  size. 

The  second  part  of  the  apparatus  consists  of  a  plate,  which  is 
studded  with  cylinders  exactly  fitting  in  the  orifices  of  the  perforated 
plate,  and  of  sufficient  length  to  project  from  i  to  ^^  inch  above  the 
perforated  plate  when  it  is  fitted  on  these  cylinders. 

In  using  such  a  tablet  triturate  machine,  the  mass,  as  above 
stated,  is  made  into  a  thin  paste  by  treatment  wth  alcohol,  and  forced 
into  the  orifices  of  the  perforated  plate  (which  rests  on  a  pill  tile  or 
glass  plate)  by  rubbing  with  a  spatula,  and  the  mass  is  left  in  holes 
until  firm.  The  plate  is  then  placed  over  the  studded  plate  and 
gradually  pressed  down  over  the  projecting  posts.  As  these  posts 
pass  into  the  orifices  of  the  perforated  plate  the  dry  disks  of  medicinal 
substances  rise  upon  the  posts  and  finally  emerge  from  the  plate  in 
which  they  were  formed,  and  they  are  allowed  to  remain  on  the  top 


i'ig.  196. —  i  ablet  triturate  mold. 

of  these  posts  until  perfectly  dried,  when  a  gentle  tilting  of  the  appa- 
ratus, or  tapping  it  with  a  spatula,  will  cause  them  to  fall  off. 

Tablet  triturates  were  introduced  in  order  to  make  preparations 
similar  to  compressed  tablets,  but  more  soluble  by  reason  of  their 
lesser  compression. 

The  disadvantage  of  these  tablet  triturates  lies  in  the  fact  that 
when  they  become  dry  they  are  liable  to  disintegrate,  and  care  must 
be  taken  in  dispensing  such  in  a  pill  box  to  provide  a  sufficient  amount 
of  cotton  to  prevent  their  shaking  to  and  fro. 

HYPODERMIC  TABLETS 

These  are  frequently  prepared  by  the  same  method  of  making 
tablet  triturates.  They  consist  of  medicinal  substances  (intended 
to  be  administered  subcutaneously)  blended  with  a  substance  known 
to  be  completely  soluble  and  inert.  For  this  purpose  sodium  sulphate 
has  been  used,  but  now  sugar  of  milk,  especially  that  from  goat's 
milk,  is  preferred.  Most  of  the  hypodermic  tablets  are  now  made  by 
compression. 

TROCHES 

Troches  or  lozenges  are  disk-like  masses  of  medicinal  substances 
intended  to  be  administered  by  slowly  dissolving  in  the  mouth.     By 
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reason  of  the  method  of  administration  the  application  of  troches  is 
limited  to  two  classes  of  medicinal  substances — first  and  usually, 
for  the  administration  of  medicines  intended  for  application  to  the 
throat,  and,  secondly,  in  the  administration  of  fairly  mild  and  tasteless 
medicines  in  a  palatable  form.  Since  they  are  administered  by 
slowly  dissolving,  no  intensely  bitter  medicine  should  be  used  in  the 
drug.  Thus,  to  prepare  troches  of  quinine  sulphate  would  be  scarcely 
short  of  senseless.  A  tasteless  lozenge  of  quinine  can,  however,  be 
made,  and  is  described  farther  along. 

Troches  are  manufactured  in  two  ways — by  massing  and  by 
compression.  In  making  a  lozenge  by  massing,  the  medicinal  sub- 
stances are  combined  with  some  mucilaginous  substance,  usually  gum 
tragacanth,  and  moistened  with  sufficient  water  to  make  a  mass,  and 
are  then  worked  up  in  a  mortar  similar  to  making  a  pill  mass.  When 
the  mass  is  formed,  it  is  rolled  out  with  an  ordinary  biscuit  roller  on 
the  biscuit  board  or  pill  tile,  and  from  this  rolled-out  mass  the  lozenges 
are  cut  with  an  appropriate  cutter.  The  details  of  the  manufacture 
of  such  a  mass  will  be  found  in  the  Appendix  in  the  discussion  of 
the  manufacture  of  lozenges  of  potassium  chlorate.  The  apparatus 
required,  as  mentioned  above,  is  a  biscuit  board,  which,  however,  in 


Fig.  197. — Lozenge  cutter.  Fig.  198. — Sixfold  lozenge  cutter. 

the  writer's  experience,  is  not  as  satisfactory,  by  reason  of  the  warping 
of  wood,  as  a  glass  plate,  or,  in  making  small  quantities,  a  pill  tile. 
For  rolling  out  the  mass  any  ordinary  rolling-pin  will  answer,  the 
size  depending  upon  the  number  of  troches  intended  to  be  made. 
As  to  the  lozenge  cutters,  they  are  generally  hollow  cylinders  of  tin 
tipped  with  steel,  as  shown  in  Fig.  197.  The  shape  of  this  can  be 
either  round  or  hexagonal.  Special  forms  of  lozenge  cutters  for 
cutting  six  at  a  time  have  been  devised  (see  Fig.  198). 

The  making  of  lozenges  by  compression  is  similar  to  making 
compressed  tablets,  the  only  difference  being  in  the  size  of  the  mold. 
In  the  case  of  compressed  tablets,  the  die  arranged  for  1-grain  masses 
has  a  diameter  of  |  inch;  while  the  5-grain  die  is  f  inch  in  diameter. 
The  lozenge  being  usually  larger,  a  special  die  is  provided,  with  all 
compressed  tablet  machines,  in  which  the  diameter  is  ^  to  f  inch. 
Such  a  die  is  attached  to  the  tablet  machine,  the  powdered  con- 
stituents blended  in  the  proper  way,  and  compressed  either  by  hand 
or  by  machine. 

For  throat  troubles  the  compressed  lozenges  are  as  valuable  as 
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the  massed  lozenges,  because  in  such  cases  the  medicinal  ingredients 
of  these  lozenges  act  best  when  they  are  slowly  dissolved. 


BACILLI 

These  are  special  forms  of  lozenges,  consisting  of  cylinders  about 
an  inch  in  length  and  i  to  i  inch  in  diameter.  The  best  illustration 
of  bacilli  are  the  black  licorice  lozenges  so  largely  sold  in  America 
these  days.  Such  bacilli  are  made  by  taking  the  mass  and  either  roll- 
ing it  into  a  cylinder  by  hand  and  dividing  on  a  pill-cutting  machine, 
or,  better  still,  forcing  it  through  a  bougie  machine  (p.  338),  from 
which  it  emerges  as  a  narrow  cylinder  which  is  cut  by  a  knife  into 
short  pieces. 

TABLE  OF  OFFICIAL  LOZENGES 


Process. 
All  by  massing 
and  cutting. 


Uses. 


Throat  lozenges. 


Not  for  throat. 


(All  Galenic) 
Excipient. 

Tragacanth  and 
stronger  orange 

flower  water. 

Tragacanth  and  syrup 
of  tolu. 

Tragacanth  and  water. 

Acacia  and    syrup    of 

tolu. 
Acacia  and  water. 

Tragacanth  and 
stronger  orange 

flower  water. 

Mucilage  of  traga- 
canth. 


Preparations. 

Troches  of  tannic  acid. 
Troches  of  gambir. 
Troches  of  krameria. 
Troches  of  ammonium 

chloride. 
Troches   of   potassium 

chlorate. 
Troches  of  cubeb. 

Troches  of  glycyrrhiza 

and  opium. 
Troches  of  santonin. 


Troches  of  sodium  bi- 
carbonate. 


SPECIAL  NOTES  ON  OFFICIAL  LOZENGES 

TROCHISCI  ACIDI   TANNICI.     Troches  of  Tannic  Acid. 

Recipe. — Tannic  Acid,  six  grammes 6  Gm. 

Sugar,  in  fine  powder,  sixty-five  grammes 65  Gm. 

Tragacanth,  in  fine  powder,  two  grammes 2  Gm. 

Stronger  Orange  Flower  Water,  a  sufficient  quan- 
tity,   

To  make  one  hundred  troches^. .   100 

Rub  the  powders  together  until  thev  are  thoroughly  mixed;  then,  with  Stronger 
Orange  Flower  Water,  form  a  mass,  to  oe  divided  into  one  hundred  troches. 

TROCHISCI  AMMONII  CHLORIDI.     Troches  of  Ammonium 

Chloride. 

Recipe. — Ammonium  Chloride,  in  fine  powder,  10  grammes.  10  Gm. 
Extract   of   Glycyrrhiza,  in   fine  powder,  twenty 

grammes 20  Gm. 

Tragacanth,  in  fine  powder,  two  grammes 2  Gm. 

Sugar,  in  fine  powder,  forty  grammes 40  Gm. 

Syrup  of  Tolu,  a  sufficient  quantity,  

To  make  one  hundred  troches . .  100 

Rub  the  powders  together  until  they  are  thoroughly  mixed;  then,  with  Syrup 
of  Tolu,  form  a  mass,  to  be  divided  into  one  hundred  troches. 
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TROCHISCI   CUBEB^.     Troches  of  Cubeb. 

Recipe. — Oleoresin  of  Cubeb,  two  grammes 2  Gm. 

Oil  of  Sassafras,  one  cubic  centimeter 1  Cc. 

Extract  of  Glycyrrhiza,  in  fine  powder,  twenty-five 

grammes 25  Gm. 

Acacia,  in  fine  powder,  twelve  grammes 12  Gm. 

Syrup  of  Tolu,  a  sufficient  quantity, 

To  make  one  hundred  troches.  .   100 

Rub  the  powders  together  until  they  are  thoroughly  mixed;  then  add  the  Oleo- 
resin and  the  Oil,  and  incorporate  them  with  the  mixture.  Lastly,  with  Sryup  of 
Tolu,  form  a  mass,  to  be  divided  into  one  hundred  troches. 

TROCHISCI   GAMBIR.     Troches  of  Gambir. 

Recipe. — Gambir,  in  fine  powder,  six  grammes 6  Gm. 

Sugar,  in  fine  powder,  sixty-five  grammes 65  Gm. 

Tragacanth,  in  fine  powder,  two  grammes 2  Gm. 

Stronger  Orange  Flower  Water,  a  sufficient  quan- 
tity, 

To  make  one  hundred  troches. .  100 

Rub  the  powders  together  until  they  are  thoroughly  mixed;  then,  with  Stronger 
Orange  Flower  Water,  form  a  mass,  to  be  divided  into  one  hundred  troches. 

Remarks. — These  lozenges  replace  the  troches  of  catechu  which 
were  official  in  the  pharmacopoeia  of  1890.  It  has  already  been 
mentioned  (p.  227)  that  gambir  (pale  catechu)  was  made  official  at 
the  last  revision  instead  of  catechu,  and  likewise  all  former  official 
preparations  of  catechu  have  been  replaced  by  similar  preparations 
of  gambir. 

TROCHISCI   GLYCYRRHIZiE  ET  OPII.     Troches  of  Glycyrrhiza 

and  Opium. 

Recipe. — Extract  of  Glycyrrhiza,  in  fine  powder,  fifteen 

grammes 15.0  Gm. 

Powdered  Opium,  one-half  gramme 0.5  Gm. 

Acacia,  in  fine  powder,  twelve  grammes 12.0  Gm. 

Sugar,  in  fine  powder,  twenty  grammes 20.0  Gm. 

Oil  of  Anise,  two-tenths  of  a  cubic  centimeter 0.2  Cc. 

Water,  a  sufficient  quantity,  

To  make  one  hundred  troches . .  100 

Rub  the  powders  together  until  they  are  thoroughly  mixed;  then,  add  the  Oil  of 
Anise  (equivalent  to  about  4  drops),  and  incorporate  it  with  the  mixture.  Lastly, 
with  Water,  form  a  mass,  to  be  divided  into  one  hundred  troches. 

Remarks. — These  lozenges  enjoy  considerable  popularity  under 
the  name  of  Wistar's  throat  lozenges.  They  and  troches  of  cubeb  are 
the  smallest  official  lozenges,  weighing  less  than  h  gramme.  For 
this  reason  they  are  usually  dispensed  in  the  form  of  bacilli. 

TROCHISCI    KRAMERIiE.     Troches  of  Krameria. 

Recipe. — Extract  of  Krameria,  six  grammes 6  Gm. 

Sugar,  in  fine  powder,  sixty-five  grammes 65  Gm. 

Tragacanth,  in  fine  powder,  two  grammes 2  Gm. 

Stronger  Orange  Flower  Water,  a  sufficient  quan- 
tity,   

To  make  one  hundred  troches .  .   100 

Rub  the  powders  together  until  they  are  thoroughly  mixed;  then,  with  Stronger 
Orange  Flower  Water,  form  a  mass,  to  be  divided  into  one  hundred  troches. 
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TROCHISCI   POTASSII    CHLORATIS.     Troches  of  Potassium 

Chlorate. 

Recipe  and  full  details  of  manipulation  will  be  found  in  Part  VII. 

Remarks. — In  passing,  it  may  be  stated  that  the  potassium 
chlorate  lozenges  of  the  present  pharmacopoeia  are  exactly  one-half 
the  size  of  those  recognized  by  the  pharmacopoeia  of  1890,  and  that 
they  must  not  be  confounded  with  the  compressed  tablets  of  the 
potassium  chlorate,  which  usually  consists  of  five  grains  of  that  chem- 
ical in  compressed  form. 

In  making  the  troches,  great  care  should  be  taken  in  mixing 
the  potassium  chlorate  with  the  sugar,  that  combination,  as  men- 
tioned on  p,  442,  being  apt  to  explode.  Not  only  is  caution  required 
in  the  manufacture,  but  also  it  is  well  to  warn  the  purchaser  that 
these  lozenges  should  not  be  subjected  to  any  violent  concussion,  as 
such  is  apt  to  produce  a  dangerous  explosion. 

TROCHISCI   SANTONINI.     Troches  of  Santonin. 

Recipe. — Santonin,  in  fine  powder,  three  grammes 3  Gm. 

Sugar,  in  fine  powder,  ninety  grammes 90  Gm. 

Tragacanth,  in  fine  powder,  three  grammes 3  Gm. 

Stronger  Orange  Flower  Water,  a  sufficient  quan- 
tity,   

To  make  one  hundred  troches .  .  100 

Rub  the  powders  together  until  they  are  thoroughly  mixed;  then,  with  Stronger 
Orange  Flower  Water,  form  a  mass,  to  be  divided  into  one  hundred  troches. 
Troches  of  Santonin  should  be  kept-in  dark  amber-colored  vials. 

Remarks. — These  lozenges  are  popular  as  worm  candy,  because 
easily  administered  to  children.  Each  contains  about  one-half  grain 
of  santonin. 

Santonin  is  prone  to  decomposition  when  exposed  to  light;  hence 
the  pharmacopoeia  directs  that  the  lozenges  of  santonin  should  be 
kept  in  dark-colored  bottles. 

TROCHISCI   SODII   BICARBONATIS.     Troches  of  Sodium  Bicar- 
bonate. 

Recipe. — Sodium  Bicarbonate,  eighteen  grammes 18  Gm. 

Sugar,  in  fine  powder,  fifty-four  grammes 54  Gm. 

Myristica,  bruised,  one  gramme 1  Gm. 

Mucilage  of  Tragacanth,  a  sufficient  quantity, 

To  make  one  hundred  troches . .  100 

Triturate  the  Myristica  with  the  Sugar,  gradually  added,  until  they  are  reduced 
to  a  fine  powder,  and  mix  this  intimately  with  the  Sodium  Bicarbonate;  then,  with 
the  Mucilage  of  Tragacanth,  form  a  mass,  to  be  divided  into  one  hundred  troches. 

Remarks. — These  lozenges  are  given  as  an  antacid  in  cases  of 
flatulence. 

A  few  unofficial  forms  of  lozenges  are  worthy  of  notice. 

Jujube  paste  lozenges  formerly  enjoyed  large  popularity.  The 
original  jujube  paste  was  the  mucilaginous  exudation  from  Zizyphus 
sativa,  but  it  has  long  since  been  replaced  by  a  base  consisting  of 
acacia,  18;  sugar,  6;  water,  80;  evaporate  in  water-bath  to  30  parts. 
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With  this  base  various  medicines  can  be  incorporated,  and  lozenges 
so  prepared  have  been  highly  recommended  by  throat  surgeons. 

A  lozenge  of  '.'tasteless  quinine"  is  largely  used  in  the  Southern 
States  for  administering  this  valuable  drug  to  children.  The  quinine 
salt  selected  as  the  least  bitter  is  the  tannate,  and  1  grain  of  this 
salt,  incorporated  with  chocolate,  5  grains,  confectioners'  sugar,  10 
grains,  and  worked  into  a  mass  with  mucilage  of  tragacanth  and 
molded  into  a  lozenge,  furnishes  the  needed  pharmaceutic. 

Doses  of  Official  Troches 

No  doses  are  assigned  troches  by  the  pharmacopoeia,  it  being 
assumed  that  they  can  be  administered  ad  libitum.  Warning  must 
be  given,  however,  that  indiscriminate  consumption  of  official  lozenges 
may  lead  to  grave  results.  Especially  is  this  true  with  Wistar's 
lozenge,  which  contains  opium;  troches  of  potassium  chlorate,  the 
irritating  effect  of  this  chemical  being  mentioned  on  p.  442;  and 
troches  of  santonin,  of  which  one  is  a  sufficient  dose  for  a  child. 


CHAPTER  XX 
SUPPOSITORIES 


The  present  pharmacopoeia  discusses  this  important  class  of 
pharmaceuticals  in  general  directions  that  are  so  clear,  so  sensible, 
and  so  thorough  that  their  reproduction  on  these  pages  furnishes 
almost  all  that  need  be  said  on  the  subject;  hence  we  will  turn  forth- 
with to  these  general  directions. 

SUPPOSITORIA.     Suppositories. 

Suppositories  are  solid  bodies  of  various  weights  and  shapes,  adapted  for  intro- 
duction into  the  different  orifices  of  the  human  body,  and  melting  readily  at  blood 
heat.  The  vehicles  usually  employed  are  Oil  of  Theobroma,  Glycerinated  Gelatin, 
or  Sodium  Stearate. 

For  suppositories  made  with  Oil  of  Theobroma  the  following  general  processes 
may  be  employed: 

Recipe. — The  Medicinal  Substance,  the  prescribed  quantity. 
Oil  of  Theobroma,  grated,  a  sufficient  quantity. 

Reduce  the  Medicinal  Substance,  if  dry,  to  a  very  fine  powder,  or,  if  an  extract, 
soften  it  with  an  appropriate  liquid,  then  mix  it  thoroughly  in  a  mortar  with  about  an 
equal  weight  of  grated  Oil  of  Theobroma,  and  incorporate  the  remainder  of  the  Oil 
of  Theobroma  until  a  homogeneous,  plastic  mass  is  obtained,  adding,  if  necessary, 
a  small  quantity  of  Expressed  Oil  of  Almond.  Roll  the  mass  on  a  graduated  tile 
until  a  cylinder  of  the  proper  length  is  formed,  divide  this  into  the  required  number 
of  equal  parts,  and  with  a  spatula,  or  other  convenient  mechanical  aid,  form  them 
into  the  desired  shape. 

If  the  process  of  fusion  is  preferred,  mix  the  Medicinal  Substance  with  about 
an  equal  weight  of  grated  Oil  of  Theobroma,  as  above  directed,  then  thoroughly  in- 
corporate it  with  the  remainder  of  the  Oil  of  Theobroma,  previously  melted  oy  a 
gentle  heat,  in  a  suitable  vessel  provided  with  a  lip;  then  allow  it  to  cool  to  about 
38°  C.  (100.4°  F.),  and,  when  the  mixture  begins  to  congeal,  pour  it  immediately 
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into  suitable  well-cooled  molds.  Keep  the  molds  at  a  freezing  temperature  until 
the  suppositories  have  hardened  and  are  ready  to  be  removed. 

For  suppositories  containing  chloral,  phenol,  their  derivatives,  or  substances 
which  soften  the  vehicle,  raise  the  melting-point  of  the  Oil  of  Theobroma  by  the 
addition  of  from  10  to  15  per  cent,  of  spermaceti,  but  the  melting-point  must  not 
be  raised  above  37°  C.  (98.6°  F.). 

For  suppositories  made  with  Glycerinated  Gelatin  the  following  process  may  be 
used: 

Recipe. — The  Medicinal  Substance,  the  prescribed  quantity. 
Glycerinated  Gelatin, 
Glycerin, 
Water,  each,  a  sufficient  quantity. 

Mix  the  Medicinal  Substance,  if  solid  and  soluble,  in  Water  or  Glycerin,  or  if 
a  miscible  liquid,  with  a  little  Water,  and  add  sufficient  Glycerin  to  make  the  weight 
of  the  mixture  one-half  that  of  the  finished  mass.  Then  thoroughly  incorporate 
it  with  an  equal  weight  of  melted  Glycerinated  Gelatin,  and  pour  it  at  once  into 
suitable  molds  which  have  been  greased  with  a  small  q^uantity  of  petrolatum.  Cool 
the  molds  thoroughly  before  removing  the  suppositories.  Molds  for  urethral 
suppositories  fehould  oe  warmed  sufficiently  before  pouring  the  mass  to  facilitate 
the  proper  filling  of  the  mold.  Suppositories  having  a  firmer  consistence  may  be 
prepared  by  substituting  Mucilage  of  Acacia  for  a  portion  of  the  Water  or  Glycerin. 

If  the  Medicinal  Substance  be  insoluble  in  Water  or  Glycerin,  thoroughly  levi- 
gate it  in  a  warm  mortar  with  a  sufficient  quantity  of  Glycerin  to  make  the  weight 
of  the  mixture  one-half  that  of  the  finished  mass.  Then  thoroughly  incorporate 
it  with  an  equal  weight  of  melted  Glycerinated  Gelatin,  and  pour  it  into  suitable 
molds,  as  above  directed.  With  bulky  powders  about  one-half  of  the  Glycerin  may 
be  replaced  with  Water  before  levigation.  Glycerinated  Gelatin  suppositories 
should  be  protected  against  the  effects  of  heat  and  moisture  and  dry  air  by  keeping 
them  in  tightly  closed  containers  in  a  cool  place. 

Rectal  Suppositories  should  be  cone  shaped  or  spindle  shaped,  and  when  made 
from  Oil  of  Theobroma  should  weigh  about  two  grammes. 

Urethral  Suppositories  {Bougies)  should  be  pencil  shaped,  pointed  at  one  ex- 
tremity, and  either  seven  centimeters  in  length,  weighing  about  two  grammes,  or 
fourteen  centimeters  in  length,  weighing  about  Jour  grammes,  when  made  with  Glycer- 
inated Gelatin.  If  prepared  with  Oil  of  Theobroma  they  should  weigh  about  one- 
half  the  above  quantities. 

Vaginal  Suppositories  should  be  globular  or  oviform  in  shape  and  weigh  about 
ten  grammes  if  made  with  Glycerinated  Gelatin,  and  about  four  grammes  if  made  with 
Oil  of  Theobroma. 

RemarJcs. — From  the  pharmacopceial  directions  just  given,  it 
will  be  noticed  that  suppositories  are  administered  by  inserting  into 
rectum,  vagina,  or  urethra,  and  that,  according  to  place'  of  insertion 
and  material  from  which  made,  they  are  of  different  sizes  and  shapes. 
This  data  can  be  tabulated  as  follows: 


OFFICIAL  SUPPOSITORIES 


Application. 
Rectal. 

Urethral. 

Vaginal. 


Composition. 
Oil  of  theobroma. 

Glycerinated  gelatin. 
Oil  of  theobroma. 
Glycerinated  gelatin. 

Oil  of  theobroma. 


Shape.  Weight. 

Cone     or    spindle  2  grammes. 

shaped. 

Pencil  shaped.  2  to  4  grammes. 

Pencil  shaped.  1  to  2        " 

Globular    or    ovi-  10  grammes. 

form. 
Globular    or    ovi-      4  granunes. 
form. 


The  ideal  suppository  consists  of  medicine  blended  with  some 
inert  base  which  will  not  liquefy  at  ordinary  temperatures,  but  will  melt 
at  the  temperature  of  the  human  body.     The  best  substance  adapted 
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for  this  purpose  is  oil  of  theobroma  (butter  of  cacao);  that  is,  the 
official  solid  fatty  oil,  which,  as  is  explained  on  p.  730,  is  a  hard, 
firm  mass,  which,  however,  melts  to  an  oily  liquid  at  90°  to  95°  F. 
In  America  practically  all  suppositories  are  made  from  this  substance, 
its  use  having  been  suggested  by  the  American,  A.  B.  Taylor,  in  1852. 
In  England  glycerinated  gelatin  is  popular  as  a  suppository  base, 
but  this  base  possesses  the  decided  disadvantage  that  the  choice  of 
medicinal  ingredients  to  be  blended  with  it  is  somewhat  limited. 
Thus,  under  no  circumstances  should  tannin  or  tannin-bearing  drugs 
be  combined  with  gelatin,  for  if  this  is  done,  an  insoluble  tannate  of 
gelatin  (leather)  is  formed. 

A  third  suppository  base,  used  only  in  one  case,  and  that  an 
official  illustration,  is  the  solidification  of  glycerin  by  means  of  stearic 
acid.  This  will  be  discussed  in  considering  the  official  glycerin 
suppositories. 

Manufacture  of  Suppositories.— There  are  three  important  ways 
of  making  suppositories — by  rolling,  by  molding,  and  by  compressing. 

Of  these  processes,  manufacture  by  rolling,  that  is,  making  into  a 
mass,  rolling  out,  cutting  cylinder,  and  finally  shaping  by  hand, 
and  also  by  molding  (or  fusion),  is  outlined  in  above  general  direc- 
tions, while  minutiae  of  each  process,  applied  in  special  cases,  is  given 
in  Part  VII. 


Fig.  199. — Individual  suppository  molds.  Fig.  200. — Divided  suppository  mold. 


At  this  place  it  is,  therefore,  only  necessary  to  say  a  few  words 
concerning  the  apparatus  (molds)  used  in  preparing  suppositories 
by  fusion. 

These  molds  are  made  of  brass,  usually  nickel  plated,  and,  as 
mentioned  above,  before  using  are  to  be  thoroughly  chilled  before 
the  suppository  mass  is  placed  therein. 

The  first  form  of  the  suppository  mold  was  the  individual  mold, 
consisting  of  a  conic  piece  of  steel  hollowed  out  to  the  shape  of  a 
suppository,  and  a  set  of  these  molds  is  fitted  into  an  appropriate 
holder  which  can  then  be  immersed  in  ice-water,  or  a  mixture  of 
ice-water  and  salt,  as  shown  in  Fig.  199.  These  molds  are  abso- 
lutely useless  in  the  modern  pharmacy,  there  being  no  way  of  opening 
them  to  remove  a  possibly  refractory  suppository;  and,  moreover, 
the  quantity  of  metal  in  the  mold  is  not  sufficient  to  insure  a  thor- 
oughly uniform  chilling.  If  such  is  used,  the  one  way  of  removing 
the  suppository  is  by  tapping  the  mold,  and  if  the  mass  sticks  to  the 
mold,  nothing  can  be  done  except  by  digging  it  out  by  means  of  a 
wire  or  a  file. 

Divided  molds  consist  of  larger  pieces  of  steel  containing  orifices 
for  6,  12,  24,  or  even  a  larger  number  of  suppositories,  so  that  they 
can  be  taken  apart,  thus  dividing  the  mold  in  two  pieces,  as  shown 
in  Fig.  200.  While  being  used,  the  two  pieces  are  held  together  by 
means  of  clamps  or  pegs.      Such  molds    are  the  most  satisfactory 
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that  can  be  used,  and  if  they  have  been  left  on  the  ice  long  enough  to 
insure  thorough  chilling,  the  manufacture  of  suppositories  with  such 
molds  yields  most  satisfactory  results. 


Fig.  201. — Benton-Hall  suppository  mold. 

Quite  a  number  of  makes  of  divided  suppository  molds  are  on 
the  market,  and  none  of  them  is  better  than  the  hinged  Benton-Hall 
mold,  as  shown  in  Fig.  201.     It  will  be  seen  from  the  figure  that  this 


Fig.  202. — Suppository  compresser. 

is  on  the  same  principle  as  the  divided  molds  just  described,  but  has 
the  advantage  of  having  a  set  of  orifices  at  both  top  and  bottom. 

22 
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Suppositories  by  compression  are  made  by  mixing  the  medicinal 
substance  with  finely  grated  oil  of  theobroma  and  compressing  it  into 
the  mold  by  means  of  appropriate  leverage.  Several  varieties  of 
such  compressing  machines  are  on  the  market.  Earliest  of  these  was 
the  Archibald  suppository  machine  (shown  in  Fig.  202),  in  which  the 
mixture  was  passed  through  a  funnel  in  which  works  a  steel  plunger, 
which  forces  the  mass  into  a  mold  placed  underneath  the  funnel. 
This  form  of  suppository  machine  is  not  highly  satisfactory,  however, 
and  is  rarely  used  in  these  days. 

The  Whitall-Tatum  suppository  machine  works  far  more  efficiently. 
The  cvlinder  is  smaller  and  rests  horizontally  on  the  table  rather  than 
vertically  (Fig.  203). 


Fig.  203. — Whitall-Tatum  suppository  machine. 

In  making  bougies  by  compression  instead  of  the  cone-shaped 
mold  the  mass  is  pressed  through  a  die  having  a  single  but  perfectly 
true  cylindric  orifice  bored  through  it.  The  pressure  of  the  plunger 
within  the  cylinder  forces  the  mass  through  this  narrow  orifice,  with 
the  result  of  producing  long,  worm-like  masses. 

In  lieu  of  compressing  machines  bougies  can  be  made  by  working 
up  the  mass  by  hand  and  rolling  it  out  as  one  would  a  pill  cylinder. 
Or,  if  it  is  preferred  to  make  the  urethral  suppository  by  fusion,  the 
fused  mass  can  be  sucked  up  into  a-  glass  tube,  which  has  been  pre- 
viously oiled.  It  will  be  noticed  from  the  official  directions  given 
above  that  compressed  suppositories  have  not  been  given  official 
sanction. 

The  pharmacopoeia  recognizes  but  one  suppository  by  name. 

SUPPOSITORIA  GLYCERINI.     Suppositories  of  Glycerin. 

Recipe  and  details  of  manufacture  of  this  important  preparation 
are  left  for  practice  work  in  Part  VII. 

Remarks. — The  mass  from  which  the  suppositories  are  made  is 
prepared  by  treating  glycerin  with  sodium  carbonate  and  stearic 
acid,  thus  forming  a  glyceryl-sodio  stearate,  the  chemistry  of  which 
will  be  discussed  in  Part  VII. 
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It  is  here  necessary  merely  to  call  attention  to  the  fact  that  a  very 
small  quantity  (less  than  10  per  cent.)  of  solids  are  able  to  solidify 
glycerin. 

In  place  of  ordinary  suppositories  there  have  been  placed  on 
the  market  the  so-called  suppository  capsules.  They  consist  either 
of  a  hollow  mass  of  oil  of  theobroma,  provided  with  a  plug  of  the 
same  material  used  to  close  the  capsule;  while  others  are  made  of 
gelatin,  similar  to  gelatin  capsules,  only  larger.  In  both  cases  the 
medicine  intended  to  be  administered  as  a  suppository  is  supposed 
to  be  introduced  into  these  capsules,  which  are  then  sealed  and  are 
then  ready  for  insertion.  It  is  hardly  necessary  to  say  that  the  careful 
pharmacist  will  avoid  dispensing  such  suppositories.  In  the  first 
place,  one  of  the  objects  of  using  oil  of  theobroma  mass  is  that  the 
active  medicinal  ingredients  shall  be  properly  diluted,  and  to  place 
these  ingredients  in  such  capsules,  even  though  worked  up  with  a  small 
quantity  of  oil  of  theobroma,  does  not  yield  a  suppository  of  a  value 
equal  to  the  one  made  by  mixing  the  medicaments  with  the  diluents. 


CHAPTER  XXI 


SOLID  PREPARATIONS  FOR  EXTERNAL  USE  (CERATES, 
OINTMENTS,  CATAPLASMS,  PLASTERS,  AND  PAPERS) 

CERATES 

These  are  combinations  of  medicinal  substances  with  fats  and 
waxes  intended  to  be  used  by  spreading  on  cloth  or  paper,  applying 
as  one  would  a  plaster.  As  the  name  suggests,  cerates  (from  the 
Latin  cera,  wax)  are  supposed  to  contain  wax,  and  a  successful  cerate 
should  be  soft  enough  to  spread  on  cloth  or  paper,  and  yet  thick 
enough  not  to  become  thin  and  oily  in  hot  weather. 

The  statement  as  to  the  origin  of  the  word  cerate  has  lost  some 
of  its  force  since  the  last  pharmacopceial  revision,  as  one  cerate  now 
official  (cerate  of  lead  subacetate)  contains  no  wax,  paraffin  being 
the  hardening  agent. 

The  fats  used  in  the  manufacture  of  cerates  run  the  gamut  of  all 
available  fatty  substances.  Lard  is  generally  employed,  but  some- 
times fatty  oils  are  used;  while  in  the  present  pharmacopceia  petrola- 
tum and  lanolin  are  prescribed  in  several  cases.  According  to  the 
amount  of  semisolid  fat,  such  as  petrolatum  or  lard,  or  of  oil  employed, 
the  amount  of  wax  required  must  be  varied;  oils,  of  course,  requiring 
a  larger  amount.  Again,  in  several  recipes  for  cerates  and  ointments 
in  the  present  pharmacopoeia  directions  are  given  to  use  more  wax  in 
hot  weather  than  during  the  cold  weather. 

The  official  cerates  are  made  either  by  fusion  or  by  incorporation. ' 
In  the  manufacture  by  fusion  the  constituents  are  melted  together, 
the  melted  mass  strained  through  muslin  into  a  mortar,  and  triturated 
until  completely  solidified.     In  incorporation  the  medicinal  substance 
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is  placed  on  an  ointment  slab  or  in  the  mortar,  and  mixed  with  the 
fatty  ingredients;  in  the  first  case,  by  rubbing  with  the  spatula,  and 
in  the  second,  by  trituration  with  the  pestle. 

In  the  present  pharmacopoeia  all  official  cerates  are  made  by 
fusion,  the  one  which  the  pharmacopoeia  of  1890  directed,  prepared 
by  incorporation  (cerate  of  lead  subacetate),  has  no  longer  camphor 
cerate  as  its  base,  but  is  made  with  melted  mixture  of  wool-fat,white 
petrolatum,  and  paraffin. 

TABLE  OF  OFFICIAL  CERATES 

(All  Galenic  and  All  Made  by  Fusion) 

Base.  Preparations. 

White  wax,  white  petrolatum,  and  ben-  Cerate. 

zoinated  lard.  Camphor  cerate. 

Wool-fat,  paraffin,  and  white  petrolatum.  Cerate  of  lead  subacetate. 

Yellow  wax  and  lard.  Rosin  cerate. 

Yellow  wax,  prepared  suet,  and  linseed  oil.  Rosin  cerate,  compound. 

Yellow  wax,  lard,  and  liquid  petrolatum.  Cantharides  cerate. 

SPECIAL  NOTES  ON  OFFICIAL  CERATES 

CERATUM.     Cerate. 

Recipe. — ^White  Wax,  three  hundred  grammes 300  Gm. 

White  Petrolatum,  two  hundred  grammes 200  Gm. 

Benzoinated  Lard,  five  hundred  grammes 500  Gm. 

To  make  one  thousand  grammes . .  1000  Gm. 

Melt  the  White  Wax,  add  the  White  Petrolatum,  then  the  Benzoinated  Lard, 
continuing  the  heat  until  the  mixture  is  liquefied,  and  stir  it  constantly  until  it  con- 
geals. 

For  use  in  southern  latitudes,  and  during  the  heated  season  in  other  localities, 
fifty  grammes  of  Benzoinated  Lard  may  be  replaced  by  an  equal  quantity  of  White 
Wax. 

Remarks. — This  preparation,  commonly  called  simple  cerate,  is 
made  by  the  fusion  of  30  per  cent,  white  wax,  20  per  cent,  white 
petrolatum,  and  50  per  cent,  benzoinated  lard.  The  recipe  given  by 
the  present  pharmacopoeia  for  this  and  other  cerates  differs  from 
those  of  the  pharmacopoeia  of  1890  by  the  use  of  petrolatum  products, 
and,  in  one  case,  of  wool-fat.  Thus  the  old  recipe  for  cerate  called 
for  30  per  cent,  white  wax  and  70  per  cent.  lard. 

Simple  cerate  is  rarely  used  except  in  combination  with  medicinal 
substance. 

CERATUM   CAMPHOR.^.     Camphor  Cerate. 

Recipe. — Camphor  Liniment,  one  hundred  grammes 100  Gm. 

White  Wax,  three  hundred  and  fifty  grammes 350  Gm. 

White  Petrolatum,  one  hundred  arid  fifty  grammes     150  Gm. 

Benzoinated  Lard,  four  hundred  grammes 400  Gm. 

To  make  one  thousand  grammes .  .   1000  Gm. 

Melt  the  White  Wax  and  the  White  Petrolatum,  then  the  Benzoinated  Lard, 
.and  continue  the  heat  until  the  mixture  is  liquefied.  While  the  mixture  is  cooling, 
add  the  Camphor  Liniment,  and  incorporate  thoroughly  by  stirring  until  it  congeals. 

Remarks. — Made  by  combining  camphorated  oil  (camphor  lini- 
ment) with  a  melted  mixture  of  white  wax,  white  petrolatum,  and 
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benzoinated  lard.  This  is  not  the  French  "pomade  camphree,"  used 
largely  in  southern  States,  and  found  in  the  National  Formulary 
under  the  title  "unguentum  camphorce."  The  latter  contains  20  per 
cent,  camphor,  10  per  cent,  white  wax,  and  60  per  cent,  lard;  hence  is 
many  times  stronger  than  the  official  cerate,  which  contains  10  per 
cent,  of  camphor  liniment,  while  the  liniment  contains  20  per  cent, 
camphor.     Hence  the  cerate  contains  but  2  per  cent,  camphor. 

CERATUM  CANTHARIDIS.     Cantharides  Cerate. 

Recipe. — Cantharides,  in  No.  60  powder,  three  hundred  and 

twenty  grammes 320  Gm. 

Liquid  Petrolatum,  one  hundred  and  fifty  grammes.  150  Gm. 

Yellow  Wax,  one  hundred  and  eighty  grammes 180  Gm. 

Rosin,  one  hundred  and  eighty  grammes 180  Gm. 

Lard,  one  hundred  and  seventy  grammes 170  Gm. 

To  make  one  thousand  grammes.  .  1000  Gm. 

Mix  the  Cantharides  with  the  Liquid  Petrolatum,  and  set  the  mixture  aside,  well 
covered,  in  a  warm  place,  for  forty-eight  hours.  Then  add  it  to  the  Rosin,  Yellow 
Wax,  and  Lard,  previously  melted  and  strained  through  muslin,  and  keep  the  mixture 
in  a  liquid  condition  by  means  of  a  water-bath,  stirring  occasionally,  for  one  hour. 
Finally,  remove  it  from  the  bath,  and  stir  the  mixture  until  it  begins  to  congeal. 

Remarks. — This  is  prepared  by  macerating  powdered  cantharides 
with  liquid  petrolatum  and  mixing  the  other  fatty  constituents 
previously  brought  to  fusion,  keeping  the  mixture  in  a  liquid  con- 
dition for  an  hour.  After  the  heat  is  removed  the  mass  is  stirred 
until  cooled.  The  cantharides  cerate  is  used  for  spreading  what  is 
commonly  known  as  fly-blister,  this  being  the  cerate  spread  on  muslin 
or  adhesive  plaster  in  a  layer  about  {  inch  thick.  The  spreading  of 
the  fly-blister  is  similar  to  the  spreading  of  plasters,  a  piece  of  the 
adhesive  plaster  of  the  appropriate  size  being  cut  off  from  the  roll, 
the  area  to  be  covered  inclosed  by  strips  of  stiff  paper,  and  the  cerate 
spread  by  means  of  a  spatula  over  the  exposed  portion  of  the  plaster. 
When  spread,  the  plaster  is  finished  by  sprinkling  with  a  small  quantity 
of  vinegar  of  cantharides  or  a  minute  trace  of  cantharides.  Can- 
tharides cerate  is  the  most  satisfactory  method  of  producing  a  blister, 
and  in  inflammatory  diseases  the  fly-blister  is  of  the  utmost  value. 

CERATUM   PLUMBI   SUBACETATIS.     Cerate  of  Lead  Subacetate. 

i^ecipe.— Solution  of  Lead  Subacetate,  twenty  grammes 20  Gm. 

Wool-fat,  twenty  grammes 20  Gm. 

ParaflBn,  twenty  grammes 20  Gm. 

White  Petrolatum,  thirty-eight  grammes 38  Gm. 

Camphor,  two  grammes 2  Gm. 

To  make  one  hundred  grammes . .   100  Gm. 

To  the  Melted  Wool-fat  in  a  warm  mortar  gradually  add  the  Solution  of  Lead 
Subacetate,  and  incorporate  it  by  slow  trituration.  To  the  mixture  add  the  White 
Petrolatum  and  Paraffin,  previously  melted,  and  in  which  the  Camphor  has  been 
dissolved;  mix  thoroughly  until  homogeneous. 

Remarks. — This  preparation,  known  as  Goulard's  cerate,  is  made  by 
combining  a  20  per  cent,  solution  of  lead  subacetate  (Goulard's 
extract)  with  melted  wool-fat,  and  adding  to  this  a  melted  mixture 
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of  white  petrolatum  and  paraffin  containing  2  per  cent,  camphor. 
The  use  of  paraffin  and  petrolatum  in  this  recipe  is  an  advantage  over 
the  lard  and  wax  used  in  the  recipe  of  1890,  as  the  cerate  made  by  the 
latter  process  assumed,  on  standing,  a  pink  tint  and  became  rancid. 

CERATUM   RESINS.     Rosin  Cerate. 

Recipe. — Rosin,  threb  hundred  and  fifty  grammes 350  Gm. 

Yellow  Wax,  one  hundred  and  fifty  grammes 150  Gm. 

Lard,  five  hundred  grammes 500  Gm. 

To  make  one  thousand  grammes . .  1000  Gm. 

Melt  the  Rosin,  add  the  Yellow  Wax  and  the  Lard,  and  continue  the  heat  until 
licjuefied,  then  strain  the  liquid  through  muslin,  and  allow  it  to  congeal  with  occasional 
stirring. 

In  cold  weather  five  hundred  and  thirty  grammes  of  Lard  and  one  hundred  and 
twenty  grammes  of  Yellow  Wax  may  be  used. 

Remarks. — This  is  best  known  by  its  synonym,  basilicon  ointment. 
It  is  made  by  the  fusion  of  rosin,  yellow  wax,  and  lard,  and  it  is  worth 
noting  that  the  pharmacopoeia  directs  the  changing  of  the  proportion 
of  the  constituents  according  as  the  cerate  is  made  in  hot  or  cold 
weather. 

The  cerate  has  great  popularity  as  a  "drawing  salve"  for  bringing 
boils  "to  a  head." 

CERATUM   RESINiE   COMPOSITUM.     Compound  Rosin  Cerate. 

Redpe. — Rosin,  two  hundred  and  twenty-five  grammes 225  Gm. 

Yellow  Wax,  two  hundred  and  twenty-five  grammes.  225  Gm. 

Prepared  Suet,  three  hundred  grammes 300  Gm. 

Turpentine,  one  hundred  and  fifteen  grammes 115  Gm. 

Linseed  Oil,  one  hundred  and  thirty- five  grammes.  .  135  Gm. 

To  make  one  thousand  grammes . .  1000  Gm. 

Melt  the  Rosin,  Yellow  Wax,  Turpentine,  and  Prepared  Suet;  to  this  add  the 
Linseed  Oil,  and  continue  the  heat  until  the  mixture  is  liquefied;  then  strain  it  through 
coarse  muslin,  and  stir  it  until  it  begins  to  congeal. 

Remarks. — This  official — re-introduced  into  the  pharmacopoeia 
after  thirty  years  of  non-recognition  by  our  official  standard — is 
largely  used  in  certain  sections  of  the  country  as  Deshler's  salve. 

OINTMENTS 

Ointments  are  semisolid  preparations  containing  medicinal  sub- 
stance, blended  with  fatty  matter  of  sufficient  softness  to  permit  their 
being  applied  to  the  skin  by  inunction.  Ointments  are  always  of 
softer  consistence  than  are  cerates,  and  have  a  lower  melting-point, 
less  wax  being  used.  Thus  while  cerate  of  the  present  pharmacopoeia 
contains  30  per  cent,  white  wax,  the  official  ointment  contains  but 
20  per  cent,  of  that  hardening  agent. 

Ointments  are  manufactured  either  by  fusion  or  by  incorporation. 
In  fusion  the  fatty  substances  are  liquefied  by  the  aid  of  gentle  heat, 
and  the  medicinal  substances  are  incorporated  either  while  the  fats 
are  liquefied  or  after  solidification.     In  the  case  of  the  ointments 
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made  by  incorporation  the  medicinal  substances  are  rubbed  up  with 
solid  fatty  matter,  either  in  a  mortar  or  on  an  ointment  slab.  When 
pestle  and  mortar  are  used  for  the  purpose  of  incorporation  it  is 
advisable  to  have  the  latter  of  a  special  flat  shape,  as  shown  in  Fig.  204. 
An  ointment  prepared  by  fusion  is  usually  finished  by  passing  the 
fused  mass  through  the  strainer  into  a  mortar,  and  triturating  the 
mass  until  solidified.  This  has  the  effect  of  not  only  making  the 
ointment  smoother,  but  also  lighter  in  color.  In  some  of  the  ointments 
"whipping"  is  important  in  order  to  obtain  a  handsome  product. 
Thus,  in  making  cold-cream,  the  finished  product  is  made  light  and 
fluffy  by  beating  the  mass  with  an  egg-beater,  and  in  making  large 
quantities  by  working  up  in  an  emulsion  machine  (p.  268). 

When  an  ointment  is  prepared  by  incorporation  on  a  slab,  the 
apparatus  needed  consists  of  an  ointment  slab  and  a  spatula.  For 
the  slab  the  ordinary  pill  tile  can  be  used,  although  more  handsome 
forms  of  slabs,  made  of  plate  glass,  are  obtainable  (Fig.  205).  Some 
years  since,  the  use  of  pads  of  parchment  paper  was  suggested  instead 
of  the  slab,  the  idea  being  that,  after  the  finishing  of  each  ointment, 
the  sheet  of  paper  on  which  the  ointment  was  worked  up  would  be 


Fig.  204. — Ointment  mortax. 


Fig.  205. — Ointment  slab. 


torn  off  and  thrown  away.  This  scheme,  however,  is  not  very  satis- 
factory, inasmuch  as  in  many  cases  it  is  advisable  to  triturate  the 
chemicals  incorporated  in  the  ointment  with  considerable  pressure, 
and  the  excuse  for  the  use  of  the  paper  pad — saving  the  trouble  of 
cleaning  the  ointment  slab — was  scarcely  worth  notice. 

The  spatulas  used  in  incorporating  ointments  should  be  long  and 
pliable,  those  made  of  nickel-plated  steel  being  preferable.  The  iron 
spatula,  however,  can  be  used  in  all  cases  with  those  chemicals  which 
will  not  attack  iron,  but  must  not  be  used  in  making  citrine  ointment 
(containing  nitric  acid)  nor  iodine  ointment.  For  the  latter  purpose 
the  steel  spatula,  coated  with  gutta-percha  or  rubber,  is  very  well 
adapted,  although  the  objection  to  such  gutta-percha  spatulas  is 
their  tendency  to  peel.  In  preparing  the  ointment  by  incorporation 
on  the  slab  the  chemicals,  which  should  be  in  a  very  fine  divided  form, 
are  further  subdivided  by  the  process  of  levigation,  using  the  end  of 
the  spatula  blade  in  place  of  the  muller,  and  a  portion  of  the  ointment 
base  as  the  lubricator.  In  the  making  of  the  ointment  of  the  red 
mercuric  oxide  the  chemical  is  to  be  levigated  with  water  with  the 
gutta-percha  spatula — in  this  case  it  being  essential  that  the  chemical 
be  reduced  to  the  finest  possible  form  of  powder. 
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Process. 

Base. 

Fusion, 

Lard. 

Benzoinated  lard. 

TABLE  OF  OFFICIAL  OINTMENTS 
(All  Galenic  Except  Ointment  of  Mercuric  Nitrate). 

Preparations. 
Ointment  of  mercuric  nitrate. 
Ointment  of  chrysarobin. 
Ointment  of  zinc  oxide. 
Ointment. 
Tar  ointment. 
Ointment  of  phenol. 
Ointment  of  zinc  stearate. 
Ointment  of  boric  acid. 
Ointment  of  rose  water. 

Diachylon  ointment. 

Iodoform  ointment. 

Iodine  ointment. 

Ointment  of  potassium  iodide. 

Sulphur  ointment. 

Veratrine  ointment. 

Mercurial  ointment. 

Belladonna  ointment. 

Stramonium  ointment. 

Ointment  of  nutgall. 

Ointment  of  tannic  acid. 

Blue  ointment. 

Ointment  of  yellow  mercuric 
oxide. 

Ointment  of  red  mercuric  oxide. 

Ointment  of  ammoniated  mer- 
cury. 


Lard  and  white  wax. 
Lard  and  yellow  wax. 
White  petrolatum. 

White  petrolatum  and  paraffin. 
Expressed  oil  of  almond,  sper- 
maceti, and  white  wax. 
Olive  oil. 
Incorporation.      Lard. 

Benzoinated  lard. 


Benzoinated  lard  and  prepared 

suet. 
Benzoinated  lard  and  hydrous 

wool-fat. 
Ointment  (U.  S.  P.). 

Petrolatum. 

Petrolatum  and  hydrous  wool- 
fat. 

White  petrolatum  and  hydrous 
wool-fat. 


SPECIAL  NOTES  ON  OFFICIAL  OINTMENTS 

UNGUENTUM.     Ointment. 

Recipe. — ^White  Wax,  two  hundred  grammes 200  Gm. 

Benzoinated  Lard,  eight  hundred  grammes 800  Gm. 

To  make  one  thousand  grammes . .   1000  Gm. 

Melt  the  White  Wax,  add  the  Benzoinated  Lard,  and  heat  gently  until  liquefied  ; 
then  stir  the  mixture  until  it  congeals. 

Remarks. — This  preparation,  commonly  called  simple  ointment, 
is  used  almost  entirely  as  a  base  for  medicated  ointments.  As  seen 
from  above  table,  it  is  so  employed  in  two  of  the  ointments  of  the 
present  pharmacopoeia;  while  4  of  the  23  ointments  recognized  in 
the  pharmacopoeia  of  1890  used  the  same  base. 


UNGUENTUM   ACIDI   BORICI.     Ointment  of  Boric  Acid. 
Recipe. — Boric  Acid,  in  fine  powder,  one  hundred  grammes. .      100  Gm. 

ParafiSn,  one  hundred  grammes 100  Gm. 

White  Petrolatum,  eight  hundred  grammes 800  Gm. 

To  make  one  thousand  grammes.  .   1000  Gm. 

Melt  the  Paraffin,  add  the  White  Petrolatum,  and  heat  gently  for  ten  minutes. 
Then  gradually  add  the  hot  liquid  to  the  Boric  Acid,  contained  in  a  warm  mortar, 
triturating  thoroughly,  and  stir  the  mixture  until  it  congeals. 

Remarks. — This  new  official  contains  10  per  cent,  of  boric  acid  in 
an  ointment  base  consisting  of  paraffin  and  white  petrolatum. 
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UNGUENTUM  ACIDI   TANNICI.     Ointment  of  Tannic  Acid. 

Recipe. — Tannic  Acid,  twenty  grammes 20  Gm. 

Gycerin,  twenty  grammes 20  Gm. 

Ointment,  sixty  grammes 60  Gm. 

To  make  one  hundred  grammes.  .  100  Gm. 

Dissolve  the  Tannic  Acid  in  the  Glycerin,  with  the  aid  of  a  gentle  heat,  and  mix 
the  solution  thoroughly  with  the  Ointment  in  a  mortar,  avoiding  the  use  of  iron 
utensils. 

Remarks. — This  ointment  is  made  by  combining  a  glycerinic 
solution  of  tannin  with  simple  ointment.  Iron  vessels  must  be 
avoided  in  its  manufacture,  since  tannate  of  iron  would  form  and  the 
product  would  blacken. 

UNGUENTUM  AQU^   ROS^.     Ointment  of  Rose  Water. 

Recipe  and  details  of  manipulation  will  be  found  in  Part  VII. 

Remarks. — This  popular  face  salve,  commonly  called  cold-cream, 
has  the  one  drawback  of  rapidly  turning  rancid;  hence  the  demand 
for  a  theatrical  cold-cream  for  use  by  actors  for  cleansing  the  face  from 
paints,   and  which  will  keep  perfectly. 

This  is  solved  by  the  substitution  of  liquid  petrolatum  for  the 
expressed  oil  of  almond  in  the  official  recipe,  though  it  is  needless  to 
say  such  a  cold-cream  should  not  be  used  in  prescriptions. 


UNGUENTUM   BELLADONNiE.     Belladonna  Ointment. 

Recipe. — Extract  of  Belladonna  Leaves,  ten  grammes 10  Gm. 

Diluted  Alcohol,  five  cubic  centimeters 5  Cc. 

Hydrous  Wool -Fat,  twenty  grammes 20  Gm. 

Benzoinated  Lard,  sixty-five  grammes 65  Gm. 

To  make  about  one  hundred  grammes .  .  100  Gm. 

Triturate  the  Extract  with  the  Diluted  Alcohol  until  a  smooth  mixture  is  ob- 
tained; with  this  incorporate  the  Hydrous  Wool-Fat;  then  add  the  Benzoinated 
Lard  and  mix  thoroughly. 

Remarks. — In  preparing  this  ointment  the  extract  is  softened  by 
trituration  with  diluted  alcohol  and  then  incorporated  with  hydrous 
wool-fat  and  benzoinated  lard.  The  wool-fat  is  used  to  facilitate  the 
absorption  of  the  alkaloids  of  the  extract  by  the  skin. 

UNGUENTUM   CHRYSAROBINI.     Chrysarobin  Ointment. 

Recipe. — Chrysarobin,  six  grammes 6  Gm. 

Benzoinated  Lard,  ninety-four  grammes 94  Gm. 

To  make  about  one  hundred  grammes .  .    100  Gm. 

Triturate  the  Chrysarobin  with  the  Benzoinated  Lard,  previously  melted,  and 
heat  the  mixture  on  a  water-bath  with  occasional  stirring  for  twenty  minutes;  then 
strain  and  stir  until  it  congeals. 

Remarks. — This  is  made  by  digesting  chrysarobin  in  melted  lard 
on  a  water-bath  for  twenty  minutes  and  then  stirring  until  congealed. 


346  PRINCIPLES  OF  PHARMACY 

UNGUENTUM   DIACHYLON.     Diachylon  Ointment. 

Recipe. — Lead  Plaster,  fifty  grammes 50  Gm. 

Oil  of  Lavender  Flowers,  one  gramme 1  Gm. 

Olive  Oil,  forty-nine  grammes 49  Gm. 

To  make  one  hundred  grammes. .  100  Gm. 

Melt  the  Lead  Plaster  by  applying  a  gentle  heat,  add  the  Olive  Oil,  and  mix 
thoroughly;  then  allow  the  mixture  to  cool,  add  the  Oil  of  Lavender  Flowers,  and 
stir  the  ointment  until  it  congeals.     It  should  be  prepared  extemporaneously. 

Remarlcs. — This  is  lead  plaster,  thinned  with  olive  oil  and  flavored 
with  oil  of  lavender. 

UNGUENTUM   GALLiE.     Nutgall  Ointment. 

Recipe. — Nutgall,  in  very  fine  powder,  twenty  grammes 20  Gm. 

Ointment,  eighty  grammes 80  Gm. 


To  make  one  hundred  grammes . .   100  Gm. 

Rub  the  Nutgall  with  the  Ointment,  gradually  added,  until  they  are  thoroughly 
mixed.     Avoid  the  use  of  metallic  utensils. 

Remarlcs. — Like  ointment  of  tannic  acid,  and  for  the  same  reason, 
metallic  utensils  must  not  be  used  in  making  this  ointment. 

UNGUENTUM   HYDRARGYRL     Mercurial  Ointment. 

Recipe. — Mercury,  five  hundred  grammes 500  Gm. 

Oleate  of  Mercury,  twenty  grammes. . 20  Gm. 

Prepared  Suet,  two  hundred  and  thirty  grammes.  .  .  230  Gm. 

Benzoinated  Lard,  two  hundred  and  fifty  grammes.  250  Gm. 

To  make  one  thousand  grammes.  .  1000  Gm. 

Triturate  the  Oleate  of  Mercury  in  a  warm  mortar,  add  the  Mercury  gradually 
by  means  of  a  pipette,  and  when  the  globules  are  completely  divided  and  distributed, 
set  it  aside  for  about  fifteen  minutes.  Melt  the  Lard  and  Suet,  allow  the  mixture 
to  partially  cool,  and  add  about  twenty-five  grammes  of  it  to  the  mercurial  mixture, 
and  continue  the  trituration  until  globules  are  no  longer  visible  under  a  lens  mag- 
nifying ten  diameters.  Then  add  the  remainder  of  the  Lard  and  Suet  and  mix 
thoroughly. 

Remarks. — Mercurial  ointment  is  prepared  on  the  same  principle 
as  blue  mass,  in  that  the  mercury  is  finely  divided  and  prevented  from 
running  together  by  coating  each  minute  globule.  In  this  ointment 
the  mercury  is  extinguished  with  oleate  of  mercury  and  the  globules 
are  covered  with  lard  and  suet.  Note  that  the  globules  must  not  be 
visible  under  a  microscope  magnifying  ten  diameters. 

This  50  per  cent,  ointment  is  no  longer  called  blue  ointment,  a 
diluted  33  per  cent,  form  having  been  introduced  at  the  last  revision 
for  dispensing  under  that  synonym.     (See  p.  347.) 

UNGUENTUM  HYDRARGYRI  AMMONIATL     Ointment  of  Ammo- 

niated   Mercury. 

Recipe. — Ammoniated  Mercury,  in  very  fine  powder,  ten 

grammes 10  Gm. 

White  Petrolatum,  fifty  grammes 50  Gm. 

Hydrous  Wool -Fat,  forty  grammes 40  Gm. 

To  make  one  hundred  grammes.  .   100  Gm. 
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Rub  the  Ammoniated  Mercury  with  an  equal  weight  of  the  melted  White  Petro- 
latum, then  add  the  remainder  of  the  melted  White  Petrolatum,  mix  thoroughly 
with  the  Hydrous  Wool-Fat,  and  stir  the  mixture  until  it  congeals. 

Remarks. — This  preparation — called  white  precipitate  ointment — 
made  partly  by  fusion  and  partly  by  incorporation;  that  is,  the 
ammoniated  mercury  is  rubbed  with  melted  petrolatum  and  then 
with  unmelted  hydrous  wool-fat.  Petrolatum  alone  is  but  slightly 
absorbed  by  the  skin.     Combined  with  wool-fat  it  is  fairly  absorbable. 

UNGUENTUM   HYDRARGYRI  DILUTUM.     Blue  Ointment. 

Recipe. — Mercurial  Ointment,  six  hundred  and  seventy  gram- 
mes      670  Gm. 

Petrolatum,  three  hundred  and  thirty  grammes 330  Gm. 

To  make  one  thousand  grammes.  .  1000  Gm. 
Mix  them  thoroughly. 

Remarks. — This  new  official  was  introduced  to  give  pharmacopoeial 
sanction  to  the  custom  of  dispensing  a  33  per  cent,  mercurial  ointment 
on  calls  for  "blue  ointment."  It  is  commercially  called  "mercurial 
ointment  J." 

UNGUENTUM  HYDRARGYRI  NITRATIS.     Ointment  of  Mercuric 

Nitrate. 
Recipe  and  details  of  manipulation  and  full  explanation  of  the 
chemistry  of  this  important  preparation  will  be  found  in  Part  VII. 

UNGUENTUM   HYDRARGYRI   OXIDI   FLA VI.  Ointment  of 
Yellow  Mercuric  Oxide. 

/?eape.— Yellow  Mercuric  Oxide,  in  very  fine  powder,  ten 

grammes 10  Gm. 

Water,  ten  grammes 10  Gm. 

Hydrous  Wool -Fat,  forty  grammes 40  Gm. 

Petrolatum,  forty  grammes 40  Gm. 

To  make  one  hundred  grammes .  .  100  Gm. 

Triturate  the  Yellow  Mercuric  Oxide  with  Water  until  the  mixture  is  perfectly 
smooth,  then  add  the  Hydrous  Wool-Fat  in  divided  portions,  and  incorporate  thor- 
oughly with  the  Petrolatum,  avoiding  contact  with  metallic  utensils. 

Remarks. — Made  by  levigating  the  oxide  with  water  and  then 
triturating  with  wool-fat  and  petrolatum. 

UNGUENTUM  HYDRARGYRI  OXIDI   RUBRI.     Ointment  of  Red 

Mercuric  Oxide. 

Recipe. — Identical  with  that  for  ointment  of  yellow  mercuric  oxide, 
except  for  use  of  red  mercuric  oxide  (10  per  cent.,  as  in  the  case  of  the 
other  chemical),  and  the  directions  to  "triturate  until  absolutely  free 
from  gritty  particles." 

UNGUENTUM   lODI.     Iodine  Ointment. 

Recipe. — Iodine,  four  grammes 4  Gm. 

Potassium  Iodide,  four  grammes 4  Gm. 

Glycerin,  twelve  grammes 12  Gm. 

Benzoinated  Lard,  eighty  grammes 80  Gm. 

To  make  OTie  hundred  grammes .  .  100  Gm. 
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Triturate  the  Iodine  and  Potassium  Iodide  in  a  glass  mortar  with  the  Glycerin 
until  dissolved,  then  gradually  incorporate  the  Benzoinated  Lard  and  mix  thoroughly, 
avoiding  the  use  of  a  metallic  spatula.  This  ointment  should  be  freshly  made  when 
required. 

Remarks. — The  iodine  in  this  preparation,  as  in  the  compound 
solution  of  iodine,  is  made  soluble  by  the  use  of  potassium  iodide. 
Note  that  the  rubber-coated  spatula  should  be  used  for  mixing. 

UNGUENTUM   lODOFORMI.     Iodoform  Ointment. 

Recipe. — Iodoform,  in  very  fine  powder,  ten  grammes 10  Gm. 

Lard,  ninety  grammes 90  Gm. 


To  make  one  hundred  grammes .  .   100  Gm. 

Triturate  the  Iodoform  thoroughly  with  about  twice  its  weight  of  the  Lard,  then 
incorporate  the  remainder  of  the  Lard. 

Remarks. — The  odor  of  the  iodoform  can  be  removed  from  the 
mortar  by  burning  alcohol  therein  (p.  270).  Masking  the  odor  is 
given  under  Iodoform. 

UNGUENTUM   PHENOLIS.     Ointment  of  Phenol. 

Recipe. — Phenol,  three  grammes 3  Gm. 

White  Petrolatum,  ninety-seven  grammes 97  Gm. 


To  make  one  hundred  grammes . .   100  Gm. 

To  the  melted  White  Petrolatum  add  the  Phenol,  and  stir  the  mixture  until 
it  begins  to  congeal. 

Remarks. — The  preparation  commonly  known  as  carbolic  salve 
had  its  official  name  changed  at  the  last  revision,  following  the  change 
of  name  of  chemical  from  carbolic  acid  to  phenol. 

Some  pharmacists  still  dispense  as  carbolic  salve  ointment  of  carbolic 
acid  (U.  S.  P.  1890),  which  contained  5  per  cent,  phenol  with  Ointment 
(U.  S.  P.  1890). 

UNGUENTUM   PICIS  LIQUIDiE.     Tar  Ointment. 

Recipe. — Tar,  five  hundred  grammes 500  Gm. 

Yellow  Wax,  one  hundred  and  fifty  grammes 150  Gm. 

Lard,  three  hundred  and  fifty  grammes 350  Gm. 

To  make  one  thousand  grammes. .  1000  Gm. 

Melt  the  Yellow  Wax,  add  the  Lard,  and  to  the  melted  mixture  add  the  Tar, 
previously  warmed,  and  incorporate  thoroughly;  strain  through  muslin,  and  stir 
the  mixture  until  it  congeals. 

UNGUENTUM  POTASSII  lODIDI.     Ointment  of  Potassium  Iodide. 

Recipe. — Potassium  Iodide,  ten  grammes 10.0  Gm. 

Potassium  Carbonate,  six-tenths  of  a  gramme 0.6  Gm. 

Water,  ten  grammes 10.0  Gm. 

Benzoinated  Lard,  eighty  grammes 80.0  Gm. 

To  make  about  one  hundred  grammes. .  1000  Gm. 

Dissolve  the  Potassium  Iodide  and  Potassium  Carbonate  in  the  Water  by  trit- 
uration, then  gradually  add  the  Benzoinated  Lard,  and  incorporate  thoroughly. 
This  Ointment  should  be  prepared  extemporaneously. 
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Remarks. — This  ointment  contains  a  small  quantity  of  potassium 
carbonate,  it  being  added  to  prevent  the  liberation  of  iodine  from  the 
iodide;  the  benzoinated  lard,  on  becoming  old,  generating  a  sufficient 
quantity  of  acid  to  decompose  the  iodine,  and  if  potassium  carbonate 
is  not  present,  the  ointment  will  become  brown. 

UNGUENTUM  STRAMONII.     Stramonium  Ointment. 

Recipe. — Identical  with  that  for  belladonna  ointment  except  the 
use  of  extract  of  stramonium. 

Both  ointments  contain  10  per  cent,  of  the  characteristic  extract. 

Remarks. — This  ointment  is  not  the  same  as  the  ointment  of 
stramonium  (U.  S.  P.  1890),  which  was  made  from  extract  of  stramo- 
nium seed. 

UNGUENTUM   SULPHURIS.     Sulphur  Ointment. 

Recipe. — Washed  Sulphur,  one  hundred  and  fifty  grammes.  .     150  Gm. 

Benzoinated  Lard,  eight  hundred  and  fifty  grammes    850  Gm. 

To  make  one  thousand  grammes .  .    1000  Gm. 

Rub  the  Washed  Sulphur  with  the  Benzoinated  Lard,  gradually  added,  until 
they  are  thoroughly  mixed. 

Remarks. — The  ointment  of  the  present  pharmacopoeia  contains 
just  one-half  as  much  sulphur  (15  per  cent.)  as  did  the  ointment  of  the 
pharmacopoeia  of  1890. 

UNGUENTUM   VERATRINiE.     Veratrine  Ointment. 

Recipe. — Veratrine,  four  grammes 4  Gm. 

Expressed  Oil  of  Almond,  six  gramm,es 6  Gm. 

Benzoinated  Lard,  ninety  grammes 90  Gm. 

To  make  one  hundred  grammes. .  100  Gm. 

Rub  the  Veratrine  with  the  Expressed  Oil  of  Almond,  then  gradually  add  the 
Benzoinated  Lard,  and  mix  thoroughly. 

Remarks. — This  is  interesting  as  the  only  official  ointment  made 
with  an  alkaloid.  In  its  preparation  the  veratrine  is  made  to  a 
smooth  paste  with  expressed  oil  of  almond,  benzoinated  lard  being 
then  incorporated  in  the  mixture. 

UNGUENTUM   ZINCI   OXIDI.     Ointment  of  Zinc  Oxide. 

Recipe. — Zinc  Oxide,  in  very  fine  powder,  two  hundred  gram- 
mes      200  Gm. 

Benzoinated  Lard,  eight  hundred  grammes 800  Gm. 

To  make  one  thousand  grammes . .   1000  Gm. 

Rub  the  Zinc  Oxide,  which  must  be  free  from  gritty  particles,  with  an  equal 
weight  of  the  melted  Benzoinated  Lard,  and  with"  this  incorporate  the  remainder 
of  the  Benzoinated  Lard,  previously  melted;  if  necessary,  stram  the  Ointment  while 
warm,  and  stir  thoroughly  until  it  congeals. 

Remarks. — In  order  to  make  this  ointment  (zinc  salve)  perfectly 
smooth  and  absolutely  free  from  grit  it  is  necessary,  first  of  all,  that 
the  zinc  oxide  be  the  pure  official  product,  and  not  the  gritty  white 
zinc  oxide  which  sells  at  low  prices  as  a  pigment.     (See  p.  524.) 
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UNGUENTUM   ZINCI   STEARATIS.     Ointment  of  Zinc  Stearate. 

Recipe. — Zinc  Stearate,  in  fine  powder,  fifty  grammes 50  Gm. 

White  Petrolattmi,  fifty  grammes 50  Gm. 

To  make  one  hundred  grammes. .    100  Gm. 

To  the  White  Petrolatum,  melted  on  a  water-bath,  add  the  Zinc  Stearate.  Con- 
tinue the  heat  until  the  mixture  becomes  smooth,  then  stir  while  cooling,  until  it 
congeals. 

Remarks. — This  is  a  new  official  of  considerable  value  in  some 
forms  of  skin  trouble. 

Dispensing  Ointments. — The  finishing  and  dispensing  of  ointments 
and  cerates  is  a  matter  requiring  attention.  In  the  first  place,  it 
should  be  borne  in  mind  that  the  ointments,  especially  those  made  of 
benzoinated  lard,  have  a  tendency  to  become  rancid,  and  such  rancid 
ointments  should  never  be  dispensed;  hence  incorporated  ointments 
should  be  prepared  freshly  as  required.  Nor  should  an  ointment 
be  dispensed  containing  the  slightest  quantity  of  grittiness,  and  to 
prevent  this  it  is  necessary  to  rub  the  medicinal  substance  thoroughly 
with  a  small  quantity  of  the  fatty  matter  before  incorporating  the 


Fig.  206. — Tin  ointment  box. 


Fig.  207. — Ointment  jar. 


entire  amount.  This  applies  particularly  to  the  ointments  con- 
taining either  of  the  two  oxides  of  mercury,  both  of  which  are  usually 
applied  in  cases  of  granulated  eyelids.  If  any  of  the  particles  of  mer- 
curic oxide  be  still  in  the  gritty  form,  it  is  sure  to  produce  irritation. 
Hence  the  necessity  of  an  absolutely  smooth  ointment. 

As  to  the  dispensing  of  the  ointment,  it  should  never  be  sent  out 
in  a  wooden  box  unless  the  wood  of  which  it  is  made  is  prepared  so 
as  to  be  impervious  to  grease.  Even  in  dispensing  small  quantities 
of  ointment  over  the  counter  a  wooden  box  should  never  be  used,  as 
the  grease  soon  penetrates  the  wood,  and  the  purchaser  has  a  greasy 
package,  which  is  an  abomination.  For  small  retail  sales  the  pressed 
tin  box  (Fig.  206)  should  be  used  exclusively. 

In  dispensing  ointments  on  prescriptions  one  of  the  several  varieties 
of  ointment  jars  (Fig.  207)  should  be  used.  These  usually  consist 
of  a  glass  jar  with  a  metallic  cover  fastening  to  jar  by  a  screw-joint. 
The  cover  is  nickel  plated,  and  the  label  should  be  pasted  to  the  side 
of  the  glass  jar.     If  it  is  desirable  to  use  a  round  label  on  the  cover, 
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the  form  of  ointment  box  shown  in  Fig.  208  should  be  used.  When 
the  label  is  placed  on  the  side  of  the  glass  jar  it  invariably  becomes 
greasy  while  in  the  cover  just  mentioned  it  is  protected  on  top  by  a 
transparent  sheet  and  underneath  by  card-board  impervious  to  grease, 
and  the  label  will,  therefore,  remain  fresh  for  a  long  time.  A  recent 
and  rather  satisfactory  way  of  dispensing  ointments  is  in  collapsible 
tubes  (Fig.  209),  being  especially  convenient  for  the  person  who 
expects  to  carry  an  ointment  around  with  him.  In  this  connection 
it  might  be  well  to  cite  a  novel  method  of  dispensing  a  mercurial 
ointment  now  in  vogue,  which  consists  in  placing  in  soft  gelatin  cap- 
sules sufficient  of  the  ointment  for  one  rubbing,  the  set  of  capsules 
being  carried  around  in  a  pill  box  in  the  vest-pocket.  Old-time 
pharmacists,  after  placing  the  ointment  in  an  ointment  box,  invariably 
"finished"  them  by  ornamenting  the  surface  exposed  to  the  air  with 
fanciful  designs.     These  designs  were  made  with  specially  cut  pieces 


Fig.  208. — Ointment  jar  with  mica    Fig.  209. — Col-     Fig.  210. — Tin  ointment  finisher, 
top.  lapsible  tube. 

of  tin  (Fig.  210),  which  was  held  firm  while  the  ointment  in  the  jar 
was  gradually  rotating  under  it.  This  idea  was  admirable  in  showing 
the  purchaser  whether  the  ointment  had  been  tampered  with  by  the 
messenger,  but  is  now  rapidly  becoming  obsolete,  the  pharmacist 
and  purchaser  depending  more  on  the  external  appearance  of  the 
package  for  signs  of  tampering. 

Preservation  of  Ointments. — Ointments  should  be  stored  in  a  cool 
place,  preferably  in  a  refrigerator. 

CATAPLASMS 

Cataplasms  or  poultices  are  wet  masses  of  solid  matter  applied  to 
the  skin  for  the  purpose  of  reducing  inflammation,  or  in  other  cases 
to  act  as  counterirritants. 

The  solid  matter  used  as  the  base  is  chosen  with  a  view  to  its 
capacity  to  absorb  water.  Thus  the  base  of  the  one  official  cataplasm 
is  clay,  while  mucilaginous  drugs,  such  as  ground  flaxseed,  are  valuable 
as  poultice  bases. 

If  the  poultice  is  intended  to  reduce  inflammation,  the  proper  base 
is  one  devoid  of  medicinal  action,  and  the  poultice  wet  with  cold 
liquid  acts  similarly  to  a  cold  compress  (that  is,  a  wad  of  cloth  or 
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cotton  wet  with  water).  If  intended  to  act  as  a  counterirritant,  the 
poultice  is  either  applied  hot  or  is  made  from  some  drug  possessing 
rubefacient  properties.  An  illustration  of  the  latter  case  is  formed 
in  the  poultice  made  of  ground  mustard,  which  is  replaced  in  the 
pharmacopoeia  by  the  more  elegant  mustard  paper. 

The  one  official  cataplasm — that  of  Kaolin — belongs  to  the  class 
of  mechanical,  non-medicinal  poultices  used  for  allaying  inflamma- 
tion. 

CATAPLASMA   KAOLINI.     Cataplasm  of  Kaolin. 

Recipe. — Kaolin,    in    very  fine    powder,  five  hundred  and 

seventy-seven  grammes 577.0  Gm. 

Boric  Acid,  in  very  fine  powder,  forty-five  grammes  45.0  Gm. 

Thymol,  one-half  gramme 0.5  Gm. 

Methyl  Salicylate,  two  grammes 2.0  Gm. 

Oil  of  Peppennint,  one-half  gramme 0.5  Gm. 

Glycerin,  three  hundred  and  seventy-five  grammes. . .  375.0  Gm. 

To  make  about  one  thousand  grammes. .  1000.0  Gm. 

Heat  the  Kaolin  in  a  suitable  vessel  at  100°  C.  (212°  F.),  with  occasional  stirring, 
for  one  hour;  mix  it  intimately  with  the  Boric  Acid,  and  then  incorporate  the  mix- 
ture thoroughly  with  the  Glycerin;  finally  add  the  Thymol,  which  has  been  dissolved 
in  the  Methyl  Salicylate  and  the  Oil  of  Peppermint,  and  make  a  homogeneous  mass. 
It  should  be  kept  in  an  air-tight  container. 

Remarks. — This  new  official,  which  consists  of  a  mixture  of  kaolin, 
boric  acid,  and  glycerin,  flavored  with  thymol,  methyl  salicylate,  and 
oil  of  peppermint,  is  similar  to  a  widely  popular  proprietary  prepara- 
tion largely  prescribed  by  physicians.  It  is  indicated  as  a  local 
application  in  a  large  number  of  inflammatory  diseases,  and  is  also 
of  value  as  a  mild  antiseptic  in  minor  wounds. 

PLASTERS 

Plasters  are  solid  preparations  containing  medicinal  substances 
intended  to  be  applied  to  the  skin,  and  of  sufficient  adhesiveness  to 
adhere  firmly.  Plasters  are  different  from  cerates  in  being  practically 
free  from  fats,  and  also  in  the  fact  that  the  cerates,  when  spread  on 
cloth  and  applied,  are  not  of  sufficient  adhesiveness  to  stick  firmly  to 
the  skin,  their  removal  being  a  very  simple  matter.  Plasters,  on  the 
other  hand,  made  of  adhesive  or  resinous  substances,  stick  very  firmly 
to  the  skin;  in  fact,  so  firmly  that  it  is  sometimes  a  matter  of  difficulty 
to  remove  them. 

As  bases  of  plasters  are  used  gum-resins,  lead-plaster,  resin  plaster, 
Burgundy  pitch,  isinglass,  and,  latterly,  India  rubber.  In  former 
years  the  first-named  plaster  bases  were  used  quite  extensively,  but 
during  the  last  twenty  years  machine-made  plasters  with  rubber  base 
have  practically  driven  the  old-fashioned  type  of  plasters  out  of  the 
market,  so  that  now  the  pharmacist  is  very  rarely  called  upon  to 
dispense  a  pharmacopoeial  plaster,  and  the  art  of  spreading  plasters 
is  rapidly  becoming  a  lost  one. 

Before  discussing  the  official  plaster  masses  a  few  words  regarding 
the  manufacture  of  rubber  plasters  may  not  come  amiss. 

The  original  and  really  satisfactory  India-rubber  plasters  are  made 
by   kneading  crude  rubber  with  resinous  substances,  such  as  gum 
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olibanum,  until  a  plastic  mass  results.  This  kneading  is  accomplished 
by  rolling  the  rubber  between  spiked  hollow  rollers  heated  by  steam, 
the  combination  of  the  heat  and  the  tearing  effect  of  the  spikes  having 
the  result  of  disintegrating  the  rubber  into  a  thick,  tenacious  mass, 
with  which  the  olibanum  and  other  resinous  mass  combine  admirably. 
The  plaster  mass  is  then  spread  on  cloth  by  rolling  between  hot  plates, 
both  heat  and  pressure  being  required  to  spread  it  to  the  proper 
thickness.  The  making  of  such  rubber  plasters  requires  powerful 
and  expensive  machinery,  and  scarcely  had  the  rubber  plaster  manu- 
facture been  placed  on  a  paying  basis,  before  other  and  inferior 
methods  were  substituted  for  the  original  process.  In  the  cheaper 
methods  the  rubber  is  dissolved  in  the  appropriate  solvent,  usually 
benzin,  and  the  solution  evaporated  down  to  the  consistence  of  a  soft 
extract;  and  when  it  is  spread  on  cloth,  the  surplus  benzin  is  permitted 
to  evaporate. 

Such  plasters  are  in  every  way  inferior  to  the  machine-kneaded 
plasters;  the  cohesive  property  of  the  mass  is  less,  and  such  a  plaster, 
on  removal  from  the  back  to  which  it  has  been  applied,  very  fre- 
quently tears  off,  leaving  patches  of  the  plaster  sticking  to  the  skin. 

Of  the  pharmacopceial  bases,  a  description  had  best  be  left  for 
consideration  under  Special  Notes. 

The  manufacture  of  pharmacopceial  plasters  may  be  divided  into 
two  parts:  making  the  mass  and  spreading  the  same.  The  making 
of  the  official  plaster  mass  is  usually  a  matter  of  little  difficulty,  being 
generally  prepared  by  fusing  the  various  constituents  or,  in  some  cases, 
by  softening  them  by  gentle  heat.  The  official  plaster  mass  is  then 
rolled  into  appropriate  sticks,  or  left  in  the  plaster  dippers  in  which 
they  have  been  fused,  until  a  spreaded  plaster  is  called  for,  the  phar- 
macopoeia directing  in  all  cases,  save  one,  merely  the  manufacture  of 
the  plaster  mass,  the  spreading  being  left  to  the  order  of  the  physician 
and  to  the  skill  of  the  pharmacist.  The  one  plaster  specifically  directed 
by  the  pharmacopoeia  to  be  spread  is  capsicum  plaster. 

The  spreading  of  a  plaster  is  a  matter  calling  for  a  high  degree  of 
skill  and  requiring  much  practice.  Full  details  of  the  spreading  of  a 
plaster  will  be  given  in  Part  VII.  So  here  suffice  it  to  say  that  the 
molten  plaster  mass  is  spread  on  plaster  skin  or  cloth,  the  area, 
including  the  dimensions  directed  by  the  physician,  being  inclosed  in 
strips  of  paper,  the  entire  paraphernalia — the  cloth  or  skin  base  and 
the  paper — being  firmly  fastened  to  a  perfectly  level  table  or  to  a 
smooth  board  resting  on  the  counter  by  means  of  thumb  tacks.  So 
soon  as  the  molten  plaster  mass  is  poured  upon  cloth  or  skin  base, 
it  is  spread  by  the  rapid  movement  of  a  hot,  clean  spatula.  If,  in 
spreading,  the  hand  trembles  or  the  plaster  mass  is  not  warm  enough 
to  follow  the  spatula,  an  unsuccessful  plaster  results. 

In  former  years  there  was  considerable  demand  for  specially 
shaped  plasters,  such  as  those  to  fit  behind  the  ear,  to  cover  the  breast, 
or  to  place  over  the  kidneys.  These  were  spread  on  cloth  by  sub- 
stituting for  the  plain  paper  strips  above  mentioned  a  pattern  made 
of  stiff  paper,  having  cut  out  from  its  center  the  shape  required  for 
the  plaster  (Figs.  211,  212,  and  213).  The  details  of  the  spreading 
of  the  specially  shaped  plasters  are  exactly  the  same  as  for  an  oblong 
plaster. 
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In  the  old  times,  when  plaster  spreading  flourished  and  numbers 
of  plasters  were  called  for  in  a  day's  prescription  business,  special 


Fig.  211. — Ear  plasters:  a,  For  left 
ear;  b,  for  right  ear  (Thornton). 


Fig.  212. — Breast  plaster    Fig.  213.— Kidney  plaa- 
(Thornton).  ter  (Thornton). 


apparatus  was  devised  for  spreading  plasters  by  hand  on  a  large 
scale.  An  example  of  these  spreading  machines  is  found  in  the  plaster 
spreader,  a  picture  of  which  is  appended  (Fig.  214). 

At  the  present  time  there  are 
few  stores  possessing  such,  the  de- 
mand for  hand-spread  plasters  being 
practically  nil.  Among  the  few  sur- 
vivors of  hand-spread  plasters  are 
the  so-called  fly-blisters   (p.  341). 

The  obsolescence  of  plasters  is 
shown  in  the  large  number  of  plaster 
masses  dropped  in  the  last  pharma- 
copoeial  revision.  While  thirteen 
plaster  masses  were  recognized  in  the 
pharmacopoeia  of  1890,  but  seven  are 
official  in  the  present  pharmacopoeia. 
Two  radical  changes  affecting  plasters 
were  made  at  the  last  revision;  the  change  in  the  recipe  of  lead 
plaster  and  the  introduction  of  a  rubber  adhesive  plaster  base. 


Plaster  spreader. 


Process. 

By       chemical 
decomposi- 
tion (precipi- 
tation). 

By  fusion. 


Spread  plaster. 


TABLE  OF  OFFICIAL  PLASTERS 

(All  Galenic  Except  Lead  Plaster) 

Base.  Preparations. 

Soap  and  lead  acetate.  Lead  plaster. 


Lead  plaster. 

Adhesive  plaster. 
Adhesive  plaster. 


Adhesive  plaster. 
Mercurial  plaster. 
Soap  plaster. 
Belladonna  plaster. 
Opium  plaster. 
Capsicum  plaster. 


SPECIAL  NOTES  ON  OFFICIAL  PLASTERS 

EMPLASTRUM   ADHiESIVUM.     Adhesive  Plaster. 

Recipe. — Rubber,  cut  in  small  pieces,  twenty  grammes 20  Gm. 

Petrolatum,  twenty  grammes 20  Gm. 

Lead  Plaster,  nine  hundred  and  sixty  grammes. .  . .  960  Gm. 

To  make  one  thousand  grammes.  .  1000  Gm. 
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Melt  the  Rubber  at  a  temperature  not  exceeding  150°  C.  (302°  F.);  add  the 
Petrolatum,  and  continue  the  heat  until  the  Rubber  is  dissolved.  Add  the  Lead 
Plaster  to  the  hot  mixture;  continue  the  heat  until  it  becomes  liquid,  then  strain, 
allow  it  to  cool,  and  stir  until  it  stiffens. 

Remarks. — This  new  official  is  the  first  attempt  of  the  United 
States  Pharmacopoeia  to  introduce  a  rubber  plaster  base.  The 
amount  of  rubber  (2  per  cent.)  is  quite  small,  however,  and  therefore 
quite  different  from  the  rubber-base  medicinal  plasters  of  the  manu- 
facturer. It  is,  however,  similar  to  the  commercial  rubber  adhesive 
plaster  (sticking  plaster)  which  is  spread  by  machinery  on  a  large  scale. 

The  apparatus  consists  of  reels  on  one  of  which  the  original  bolt 
of  cloth  is  placed;  the  unrolled  cloth  passing  between  the  lower  plate 
of  stone  or  metal,  and  a  receptacle  containing  the  melted  plaster 
mass;  one  side  of  the  receptacle  consists  of  a  dull  steel  blade  resting 
^  or  ^  inch  above  the  slightly  stretched  cloth.  The  melted  mass 
trickles  upon  the  cloth  in  a  broad  stream,  covering  the  entire  width 
of  the  cloth,  save  a  small  marginal  edge.  As  the  soft  mass  flows  upon 
the  cloth  it  is  rapidly  passed  between  the  spreading  apparatus  described 
above,  and  emerges  from  the  same  with  a  thin  and  uniform  coating 
of  the  plaster  material. 

EMPLASTRUM  BELLADONNiE.     Belladonna  Plaster. 

Belladonna  Plaster  should  contain  not  less  than  0.38  per  cent,  nor  more  than 
0.42  per  cent,  of  mydriatic  alkaloids. 

Recipe. — Extract    of   Belladonna    Leaves,    three   hundred 

grammes 300  Gm. 

Adhesive  Plaster,  seven  hundred  gram,mes 700  Gm. 

To  make  about  one  thousand  grammes. .   1000  Gm. 

Melt  the  Adhesive  Plaster  on  a  water-bath,  add  to  it  the  Extract  of  Belladonna 
Leaves,  softened  by  the  heat  of  a  water-bath,  and  continue  the  heat,  stirring  con- 
stantly until  the  mixture  is  perfectly  homogeneous;  then  allow  it  to  cool. 

Spread  Belladonna  Plasters  made  with  a  rubber  base  should  yield,  when  assayed, 
not  less  than  0.38  per  cent,  nor  more  than  0.42  per  cent,  of  mydriatic  alkaloids. 

Remarks. — This  plaster  mass  is  made  by  combining  extract  of 
belladonna  with  adhesive  plaster.  This  is  the  only  plaster  directed 
by  the  pharmacopoeia  to  be  of  assayed  strength — ^^  to  yVir  o^  1  P^r 
cent,  mydriatic  alkaloids.    Details  of  assay  will  be  given  in  Chapter  LV. 

EMPLASTRUM   CAPSICI.     Capsicum  Plaster. 

Recipe. — Oleoresin  of  Capsicum,  twenty-five  hundredths  of  a 

gramme 0.25  Gm. 

Adhesive  Plaster,  spread  on  fabric,  a  sufficient  quantity. 

Apply  the  Oleoresin  of  Capsicum  to  the  surface  of  the  Adhesive  Plaster  by 
means  of  a  brush,  so  as  to  form  a  thin  coating  over  an  area  fifteen  centimeters  square, 
leaving  a  margin  around  the  sides. 

Remarks. — As  already  mentioned,  this  is  the  one  plaster  in  the 
official  recipe  of  which  are  given  explicit  directions  as  to  spreading, 
the  object  being  uniformly  to  distribute  the  oleoresin  of  capsicum  as 
well  as  to  limit  the  amount  of  this  irritating  substance  employed. 
The  oleoresin  is  chosen  in  preference  to  the  drug  because  the  latter, 
blended  with  the  plaster  base,  would  soon  lose  its  activity.  For  this 
reason  these  plasters  should  be  dispensed  freshly  prepared. 
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EMPLASTRUM   HYDRARGYRI.     Mercurial  Plaster. 

Redpe. — Mercury,  thirty  grammes 30  Gm. 

Oleate  of  Mercury,  one  gramme 1  Gm. 

Hydrous  Wool -Fat,  ten  grammes 10  Gm. 

Lead  Plaster,  fifty-nine  grammes 59  Gm. 

To  make  one  hundred  grammes .  .  100  Gm. 

Triturate  the  Mercury  with  the  Oleate  of  Mercury  until  the  former  is  thoroughly 
divided,  then  add  the  Hydrous  Wool-Fat,  and  continue  the  trituration  until  globules 
of  Mercury  are  no  longer  visible.  Add  the  mixture  to  the  Lead  Plaster,  which  has 
previously  been  melted  in  a  tared  dish,  and  incorporate  thoroughly,  adding,  if  neces- 
sary, sufficient  Lead  Plaster  to  make  the  product  weigh  one  hundred  grammes. 

Remarks. — In  this  plaster  the  mercury  is  extinguished  with  oleate 
of  mercury  and  hydrous  wool-fat  and  then  mixed  with  lead  plaster. 

EMPLASTRUM   OPII.     Opium  Plaster. 

Recipe. — Extract  of  Opium,  six  grammes 6  Gm. 

Water,  eight  cubic  centimeters 8  Cc. 

Adhesive  Plaster,  ninety  grammes 90  Gm. 

To  make  one  hundred  grammes . .  100  Gm. 

Rub  the  Extract  of  Opium  with  the  Water  until  it  is  uniformly  soft;  add  it  to 
the  Adhesive  Plaster,  which  has  been  previously  melted  in  a  tared  dish  on  a  water- 
bath,  and  continue  the  heat  with  constant  stirring  until  the  product  weighs  one 
hundred  grammes. 

Remarks. — This  plaster  contains  6  per  cent,  of  opium  mixed  with 
adhesive  plaster. 

EMPLASTRUM   PLUMBL     Lead  Plaster. 

Recipe  and  details  of  manufacture  of  this  important  plaster  base, 
as  well  as  full  explanation  of  the  chemistry  of  manufacture,  will  be 
given  in  Part  VII. 

EMPLASTRUM   SAPONIS.     Soap  Plaster. 

Recipe. — Soap,  dried,  and  in  a  coarse  powder,  ten  grammes. .     10  Gm. 

Lead  Plaster,  ninety  grammes 90  Gm. 

Water,  a  sufficient  quantity,  ____^_ 

To  make  about  one  hundred  grammes . .   100  Gm. 

Rub  the  Soap  with  enough  Water  to  reduce  it  to  a  semiliquid  state;  then  mix 
it  with  the  Lead  Plaster  previously  melted,  incorporate  thoroughly  by  stirring,  and 
evaporate  to  the  proper  consistence. 

Remarks. — This  plaster  mass  is  lead  plaster  softened  by  addition 
of  10  per  cent.  soap. 

Of  the  plasters  dropped  at  the  last  revision,  but  two  are  worthy  of 
notice. 

EMPLASTRUM   ICHTHYOCOLL^E  (U.  S.  P.  1890).     Isinglass 

Plaster. 

This  is  made  by  spreading  aqueous  solution  of  isinglass  by  means 
of  a  brush  upon  taffeta,  successive  layers  of  isinglass  being  applied 
to  this  fabric  (a  variety  of  silk)  until  the  coating  is  sufficiently  thick. 
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The  last  portion  of  isinglass  solution  is  mixed  with  alcohol  and 
glycerin  and  applied  in  the  same  manner.  The  back  of  the  taffeta 
is  then  spread  with  tincture  of  benzoin,  and  the  official  plaster  allowed 
to  become  perfectly  dried.  Isinglass  plaster  is  the  well-known  court- 
plaster,  and  is  intended  for  adhesive  purposes  in  simple  operations, 
such  as  bringing  the  two  edges  of  open  cuts  together.  It  has  no 
medical  action. 

EMPLASTRUM  PICIS  BURGUNDIC^.     Burgundy  Pitch  Plaster. 

This  is  made  by  softening  Burgundy  pitch  with  yellow  wax  and 
olive  oil,  the  Burgundy  pitch  being  so  brittle  that,  if  melted  and 
spread  on  cloth  by  itself  and  allowed  to  become  quite  cold,  the  finished 
plaster  will  break  very  quickly.  Burgundy  pitch  plasters  formerly 
enjoyed  a  large  sale  under  the  name  of  "poor  man's  plasters." 

PAPERS 

Papers  are  a  class  of  pharmaceuticals  in  which  the  medicine  is 
either  spread  upon  paper  or  absorbed  by  it. 

But  one  paper  is  recognized  by  the  present  pharmacopoeia. 

CHARTA  SINAPIS.     Mustard  Paper. 

Recipe. — Black  Mustard,  in  No.  60  powder,  one  hundred 

grammes 100  Gm. 

Rubber,  ten  grammes 10  Gm. 

Petroleum  Benzin,   . 

Carbon  Disulphide,  each,  a  sufficient  quantity. 

Pack  the  Black  Mustard  in  a  conical  percolator,  and  gradually  pour  Petroleum 
Benzin  upon  it  until  the  percolate  ceases  to  produce  a  permanent,  greasy  stain  upon 
blotting  paper.  Remove  the  powder  from  the  percolator,  and  dry  it  oy  exposure 
to  the  air.  Having  meanwhile  dissolved  the  Rubber  in  a  mixture  of  one  hundred 
cubic  centimeters,  each,  of  Petroleum  Benzin  and  Carbon  Disulphide,  mix  the  purified 
mustard  with  a  sufficient  quantity  of  the  solution  to  produce  a  semiliquid  magma, 
and  apply  this,  by  means  of  a  suitable  brush,  to  one  side  of  a  piece  of  rather  thick, 
well-sized  paper,  so  as  to  cover  it  completely,  and  then  allow  the  surface  to  dry. 

A  surface  of  sixty  square  centimeters  should  contain  about  4  Gm.  of  Black 
Mustard  deprived  of  oil. 

Before  it  is  applied  to  the  skin.  Mustard  Paper  should  be  dipped  in  warm  water 
for  about  fifteen  seconds. 

Remarks. — This  paper  is  prepared  by  mixing  powdered  black 
mustard  (which  has  been  freed  from  oil  by  percolation  with  benzin) 
with  a  solution  of  India  rubber  in  benzin  and  carbon  disulphide,  and 
spreading  the  semiliquid  magma  on  a  piece  of  stiff  well-sized  paper 
(by  means  of  a  suitable  brush),  the  pharmacopoeia  requiring  that 
60  square  centimeters  of  such  paper  should  contain  about  4  Gm. 
of  black  mustard  deprived  of  oil.  The  object  of  first  extracting  the 
mustard  with  benzin  is  to  free  it  from  the  fixed  oil  naturally  existing 
in  the  seed,  and  which,  if  permitted  to  remain  in  the  mustard  paper, 
would  rapidly  cause  it  to  become  greasy  and  disagreeable  to  handle. 
Mustard  paper  (mustard  leaves,  as  they  are  called)  affords  an  elegant 
and  convenient  method  of  applying  the  mustard  plaster.  When 
such  a  mustard  leaf  is  dipped  into  warm  water,  a  chemical  action  sets 
up  between  the  ferment  my  rosin  and  the  glucoside  potassium  myronate, 
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naturally  existing  in  the  mixture,  with  the  formation  of  the  volatile 
oil  of  mustard  (see  p.  747).  The  pharmacopoeia  directs  that  the 
leaf  be  dipped  in  warm  water,  since  dipping  it  in  cold  water  retards 
the  chemical  action  to  a  certain  extent.  On  the  other  hand,  it  is 
far  preferable  to  dip  into  cold  water  than  into  hot  water,  and  under 
no  circumstances  should  the  mustard  paper  be  moistened  with  boiling 
water,  as  the  heat  is  sufficient  to  destroy  the  delicate  ferment,  myrosin, 
and  thus  prevent  the  formation  of  the  volatile  oil. 

Mustard  leaves  are  applied  externally  as  a  rubefacient  and  local 
irritant,  being  particularly  adapted  for  cases  of  acute  indigestion. 

There  was  one  other  paper  recognized  by  the  pharmacopoeia  of 
1890. 

CHARTA  POTASSII  NITRATIS   (U.  S.  P.  1890).    Potassium  Nitrate 

Paper. 

This  is  made  by  dipping  white,  unsized  paper  (either  filter-paper 
or  blotting-paper)  into  an  aqueous  solution  of  potassium  nitrate, 
and  drying  the  pieces  so  dipped.  The  potassium  nitrate  paper  is 
intended  to  be  burnt  and  the  vapor  inhaled  in  cases  of  asthma. 


PART  III 
CHAPTER  XXII 

INTRODUCTION 

A  THOROUGH  explanation  of  the  sciences  of  physics  and  chemistry- 
is  beyond  the  scope  of  this  work,  and  for  complete  information  on 
these  two  sciences  the  reader  is  referred  to  the  several  works  on  these 
subjects  noted  in  the  Preface  to  this  work. 

There  are,  however,  some  facts  connected  with  these  two  sciences 
the  knowledge  of  which  is  essential  to  a  student  of  the  succeeding 
chapters  of  this  work,  and  these  essential  facts  are  here  given. 

Matter  is  anything  that  has  extension  (possesses  length,  breadth, 
and  thickness)  or  is  appreciable  to  our  senses  (can  be  seen,  felt,  tasted, 
or  smelled).  Thus,  water  is  matter,  or  anything  else  on  this  earth 
or  in  the  air  around  us,  which  we  can  touch,  which  our  senses  tell 
us  exist.     All  matter  is  divided  into  solids,  liquids,  and  gases. 

A  solid  is  that  form  of  matter  which  holds  a  definite  shape — whose 
molecules  do  not  move  among  themselves. 

A  liquid  is  that  form  which  is  mobile — which  assumes  the  shape  of 
the  vessel  in  which  it  is  placed;  whose  molecules  move  freely  among 
themselves. 

A  gas  is  that  form  of  matter  whose  molecules  tend  to  separate 
from  one  another. 

When  we  call  any  portion  of  matter  a  solid,  a  liquid,  or  a  gas,  we 
mean  that  it  usually  assumes  the  form  which  we  call  it.  We  know 
that  water,  usually  a  liquid,  can  be  frozen  into  a  solid — ice — or 
converted  by  heat  into  gas — steam.  Such  is  the  case  with  all  other 
matter.  Each  kind  of  matter  can  be  changed  from  the  form  it 
usually  assumes — be  it  solid,  liquid,  or  gas — into  the  other  two  forms, 
although  sometimes  the  conversion  is  very  difficult. 

Thus,  we  formerly  talked  of  "permanent  gases,"  by  which  was 
meant  such  gases — air,  for  instance — that  could  not  be  converted 
into  the  forms  of  liquid  or  solid ;  but  lately  not  only  have  the  so-called 
"permanent  gases"  been  turned  into  liquids,  but  into  solids  as  well. 

The  word  "molecule,"  used  above,  is  one  of  the  classes  into  which  we 
group  matter,  according  as  we  can  divide  it  or  break  it  up.  A  piece 
of  coal  can  be  taken  and  broken  up  into  small  pieces.  These  small 
pieces  can  be  finely  powdered,  and  by  certain  means  we  can  divide 
it  still  more  minutely.  According  to  how  far  this  division  is  carried 
on  we  group  matter  into  masses,  molecules,  and  atoms. 

A  mass  is  any  particle  of  matter  appreciable  to  our  senses.  Thus, 
a  big  lump  of  coal  or  the  finest  particle  of  its  powder  are  alike  masses. 

A  molecule  is  the  smallest  particle  of  matter  than  can  exist  in  a 
free  state. 

Thus,  if  we  take  a  dye,  dissolve  it  in  water,  and  keep  on  diluting 
the  solution,  the  color  grows  fainter  and  fainter  until  finally  we  reach 
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a  point  where  the  tint  almost  disappears.  It  is  at  this  point  where 
we  get  the  dye  divided  into  its  molecules.  By  this  means  Hoffmann 
found  that  one-seven-millionth  of  a  gramme  of  dye  in  a  cubic  centi- 
meter solution  still  had  a  pink  tint. 

We  have  never  seen  a  molecule;  we  have  never  weighed  a  molecule 
— but  in  this  way  we  can  approximate  how  small  a  molecule  is. 
Some  say  that  a  molecule  of  hydrogen  weighs  about  one-five-billionth 
of  a  grain. 

Finally,  we  can  imagine  a  subdivision  so  minute  that  the  dye  is 
separated  from  the  carbon,  hydrogen,  oxygen,  and  nitrogen  of  which 
it  is  composed.     Then  we  have  reached  the  atom. 

An  atom  is  the  smallest  particle  which  enters  into  a  chemical 
combination.     An  atom  cannot  exist  in  a  free  state. 

Now  that  we  know  what  atoms  and  molecules  are,  we  can  talk 
about  physics  and  chemistry.  Among  the  many  definitions  of  the 
two  sciences,  the  simplest  is  this: 

Physics  treats  of  the  molecular  changes  of  bodies,  while  chemistry 
studies  the  atomic  changes. 

Thus,  we  heat  an  iron  rod.  It  turns  red  and  finally  softens  and 
glows  with  white  light.  But  when  we  allow  it  to  cool,  we  find  it 
unchanged.  In  other  words,  the  molecules  were  temporarily  changed. 
The  iron  had  undergone  a  physical  change. 

We  take  powdered  iron  and  powdered  sulphur  and  rub  them 
together,  when  we  get  a  grayish-yellow  powder  from  which  we  can 
separate  the  iron  with  magnet  or  can  see  its  minute  particles  through 
a  microscope.  Intimate  though  the  incorporation  may  seem,  we 
have  merely  a  mechanical  mixture,  the  molecules  of  the  iron  and  of 
the  sulphur  being  absolutely  unchanged.  We  heat  this  mixture; 
not  merely  do  the  sulphur  and  the  iron  molecules  undergo  the  physical 
change  called  heating,  but  the  molecules  are  broken  up,  the  atoms 
of  which  they  are  composed  enter  into  the  play,  and,  through  the 
breaking  of  the  old  association  and  the  formation  of  the  new,  we  get 
a  steel-gray  solid,  totally  different  from  the  iron  and  the  sulphur  of 
which  it  is  composed,  from  which  the  iron  can  no  longer  be  obtained 
by  the  magnet;  in  which  we  can  no  longer  see  the  particles  of  iron  by 
means  of  the  microscope.  We  have  a  new  compound — iron  sulphide; 
for  the  molecules  of  iron  and  sulphur  have  broken  up,  their  constituent 
atoms  uniting  in  another  combination.     Such  is  a  chemical  change. 

Many  phenomena  which  we  study  in  pharmacy  are  due  to  attrac- 
tions exerted  between  atoms  or  molecules.  Such  attractions  were 
formerly  called  forces,  and  we  still  speak  of  the  "force  of  gravity," 
the  "force  of  chemism,"  etc.  The  word  "force"  being  now,  however, 
used  in  a  more  restricted  sense  in  physics,  its  application  in  the  above 
cases  is  no  longer  usual. 

Important  among  these  attractions  are  cohesion,  adhesion,  and 
chemism. 

Cohesion  is  that  attraction  exerted  between  like  molecules.  Thus, 
when  we  take  two  pieces  of  freshly  cut  lead  and  press  them  together 
they  stick.  Likewise  a  huge  mass  of  lead  holds  together  and  does 
not  fall  to  powder  because  its  molecules  cohere. 

Adhesion  is  the  attraction  exerted  between  unlike  molecules. 
Thus,  in  sticking  a  label  on  a  bottle  the  molecules  of  the  mucilage 
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adhere  to  the  molecules  of  the  paper  on  one  side  and  of  the  glass  on 
the  other. 

Chemism  is  the  attraction  exerted  between  atoms.  It  acts  only 
within  the  molecule,  and  is  exerted  only  between  definite  weights  of 
matter. 

We  have  spoken  of  carbon,  hydrogen,  oxygen,  nitrogen,  sulphur, 
and  iron.  What  are  such  kinds  of  matter?  You  will  notice  that  we 
have  spoken  of  atoms  of  these  kinds  of  matter;  so  you  can  see  that 
they  are  capable  of  very  fine  division. 

Let  us  think  of  a  mass  of  sea-water.  If  we  attempt  to  separate 
it  into  its  constituents,  we  will  find  water,  salt,  magnesium  chloride, 
and  many  other  bodies.  Suppose  we  analyze  the  salt  it  contains. 
This  we  can  divide  into  sodium  and  chlorine.  Turning  our  attention 
to  the  separated  sodium  and  chlorine:  can  we  break  them  up  as  we  have 
the  salt  or  the  sea-water?  We  cannot,  and  such  matter  that  cannot 
be  broken  into  anything  simpler  we  call  elements. 

An  element  is  matter  that  cannot  be  broken  into  anything  simpler. 
Over  seventy  elements  have  been  isolated,  and  of  these,  less  than 
half  are  of  interest  in  pharmacy. 

A  table  of  those  of  pharmaceutic  importance  will  be  found  on 
p.  367,  each  accompanied  by  its  symbol,  atomic  weight,  and  valence, 
and  grouped  in  one  of  the  two  columns  according  as  it  is  electro- 
positive or  electronegative. 

By  symbol  we  mean  an  abbreviation  representing  the  element. 

The  abbreviation  is  usually  the  first  letter  of  the  Latin  name  of 
the  element,  but  when  that  letter  is  already  the  symbol  of  an  element, 
then  a  second  letter  is  added  to  make  the  symbol  distinctive. 

Thus: 

Latin.  Symbol. 

Carbon Carbo C. 

Calcium Calcium Ca. 

Cerium Cerium Ce. 

Cobalt Cobaltum Co. 

Copper Cuprum Cu. 

Columbium Columbium Cb. 

Cadmium Cadmium Cd. 

Chlorine Chlorum CI. 

Chromium Chromium Cr. 

Caesium Caesium Cs. 

This  symbol  does  not  merely  mean  the  element  in  question  in  a 
general  way,  but  when  written,  indicates  the  quantity  of  the  element. 
Thus  Ca  means  one  atom  of  calcium.  If  we  desire  to  express  any 
other  number  of  atoms,  we  do  so  by  placing  below  and  to  the  right 
of  the  symbol  a  small  Arabic  number  representing  that  quantity. 

Thus,  while  Ca  means  one  atom  of  calcium 
Caj  means  two  atoms  of  calcium 
Cag  means  three  atoms  of  calcium,  etc. 

By  symbolic  formula  we  mean  a  combination  of  symbols  expressing 
the  composition  of  a  compound  molecule.  Thus,  NaCl  means  one 
atom  of  sodium  and  one  atom  of  chlorine,  making  together  one 
molecule  of  sodium  chloride. 
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H2SO4  means  two  atoms  of  hydrogen,  one  atom  of  sulphur,  and 
four  atoms  of  oxygen,  making  together  one  molecule  of  sulphuric  acid. 

KNO3  means  one  atom  of  potassium,  one  atom  of  nitrogen,  and 
three  atoms  of  oxygen,  making  together  one  molecule  of  potassium 
nitrate. 

ATOMIC  WEIGHT 

The  atomic  weight  of  an  element  is  the  relative  combining  weight 
of  that  element  when  compared  to  hydrogen — the  lightest  of  all  sub- 
stances— as  a  unit. 

Elements  combine  with  each  other  only  in  definite  proportions. 
Thus,  it  has  been  proved,  time  and  again,  that  if  63  Gm.  of  pure  copper 
be  heated  in  a  stream  of  oxygen,  79  Gm.  of  copper  oxide  invariably 
result.  This  shows  that  the  relative  combining  weights  of  copper 
and  oxygen  are  respectively  63  and  16  (63  +  16=79). 

But  how  do  the  combining  weights  of  these  elements  compare  with 
hydrogen?  Copper  and  hydrogen  scarcely  unite.  Oxygen  and 
hydrogen  do;  although  the  estimation  of  the  combining  proportions 
of  the  two  is  more  complicated  than  that  between  copper  and  oxygen, 
and  an  explanation  is  needed. 

It  is  found  that  two  volumes  of  hydrogen  gas  (let  us  say,  for 
example,  two  pints)  unite  with  one  volume  of  oxygen  gas  (say,  one 
pint)  to  form  water,  and  this  is  still  better  proved  by  the  fact  that 
water,  decomposed  by  electricity,  gives  always  two  volumes  of  hydro- 
gen to  one  of  oxygen. 

An  Italian  named  Avogadro  framed  a  law  that  equal  volumes  of 
different  gases  contained  the  same  number  of  molecules.  Then,  if 
water  is  composed  of  two  volumes  of  hydrogen  and  one  volume  of 
oxygen,  and  if,  further,  both  hydrogen  and  oxygen  contain  two  atoms 
in  each  molecule,  as  will  be  shown  later,  then  the  formula  of  water 
is  H2O  and  not  HO. 

Now,  water  is  composed  of  two  volumes  of  hydrogen  and  one 
volume  of  oxygen.  By  weight,  however,  it  is  made  from  the  proportion 
of  one  gramme  of  hydrogen  and  eight  grammes  of  oxygen.  By 
uniting  the  two  statements  just  made,  you  will  see  that,  while  there 
is  in  water  only  half  as  many  volumes  of  oxygen  as  of  hydrogen,  the 
weight  of  that  quantity  of  oxygen  is  eight  times  greater  than  the 
double  volume  of  hydrogen  employed.  If  half  weighs  eight  times 
as  much,  then  a  whole  (equal  volume)  would  weigh  sixteen,  and  we, 
therefore,  see  that  were  hydrogen  and  oxygen  to  unite  volume  for 
volume  the  relative  combining  weights  would  be  1  to  16.  Since 
hydrogen  is  the  lightest  of  all  known  matter,  it  is  given  the  atomic 
weight,  1;  therefore,  we  say  that  the  atomic  weight  of  oxygen  is  16, 
and,  by  the  same  reasoning,  that  of  copper  is  63.  By  similar  experi- 
mentation, some  of  which  was  exceedingly  ingenious,  the  atomic 
weights  of  all  the  elements  have  been  established. 

Atomic  weight  is  sometimes  supposed  to  represent  relative  weight 
of  an  atom  of  the  element  under  consideration,  but,  as  we  have  never 
obtained  a  free  atom  of  any  element,  that  definition  of  atomic  weight 
had  better  be  dropped. 

It  will  be  noticed,  in  the  table  of  elements  given  on  p.  367,  that 
the  atomic  weights  are  expressed  in  round  numbers,  while  the  atomic 
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weights  given  in  the  pharmacopoeia  and  other  standard  works  are 
figures  with  decimal  fractions  attached. 

Thus,  while  the  table  on  p.  367  gives  the  atomic  weight  of  sulphur 
as  32,  the  pharmacopoeia  gives  it  as  31.98;  while  the  table  gives  the 
atomic  weight  of  oxygen  as  16,  the  pharmacopoeia  gives  it  as  15.96; 
and  so  in  many  other  cases.  Space  forbids  a  discussion  of  the 
controversy  as  to  whether  the  "exact"  atomic  weights  (the  figures 
showing  fractions  or  the  weights  expressed  in  round  numbers)  are  the 
true  atomic  weights.  Suffice  it  to  say  that  in  the  table  in  this  book 
the  round  numbers  are  given,  first,  because  the  memorization  of  the 
fractional  numbers  is  a  matter  of  difficulty, — and  the  table  under 
consideration  should  be  memorized, — and,  second,  the  so-called 
"exact"  atomic  weights  change  year  by  year  with  the  publication 
of  new  researches  with  the  combining  weights  of  the  elements;  more- 
over, for  all  the  practical  purposes  of  pharmacy,  the  round  number 
atomic  weighs  are  sufficiently  exact. 

We  have  explained  atomic  weight,  and  it  remains  to  define  molecu- 
lar weight. 

The  molecular  weight  of  a  substance  is  the  sum  of  the  atomic 
weights  of  its  constituent  atoms.  Thus,  the  molecular  weight  of 
sodium  chloride  (NaCl)  is: 

Na,  atomic  weight 23.0 

a,        "  '^     35.5 

NaCl,  molecular  weight. .  . .  58.5 
Of  Ca  CU: 

Ca,  atomic  weight.  .40       Ca  =  1  X  40      =40 

a,        "  "       ..35.5     Cla  =  2  X  35.5  =  71 

Ca  Clj,  molecular  weight,  111 

We  have  means  of  estimating  molecular  weight  that  are  quite 
different  from  the  process  of  finding  the  atomic  weight  of  elements, 
and,  as  the  molecular  weight  of  elements  found  by  such  processes  are 
almost  always  twice  the  atomic  weight,  we  are  led  to  believe  that  most 
elemental  molecules  contain  two  atoms. 

Thus,  the  molecular  weight  of  oxygen  is  32;  the  atomic  weight  is 
16;  therefore  a  molecule  of  oxygen  must  be  Oj.  On  the  other  hand, 
while  the  atomic  weight  of  mercury  is  200,  its  molecular  weight 
estimation  gives  the  same  figure,  and  we  are,  therefore,  forced  to  the 
conclusion  that  a  molecule  of  mercury  consists  of  one  atom. 

Again,  atomic  weight  estimation  of  phosphorus  shows  31  as  its 
relative  combining  weight,  while  its  molecular  weight  has  been 
experimentally  proved  to  be  124;  hence  one  molecule  of  phosphorus 
must  contain  four  atoms. 

VALENCE 

Valence  is  the  relative  power  which  an  element  exerts  in  uniting  with 
or  replacing  other  elements.  Thus,  analysis  of  the  four  typical  com- 
pounds cited  below  gives  the  formula  there  stated: 

Hydrochloric  acid HCl. 

Water H^O. 

Ammonia  gas HjN  (or  NHg). 

Methane  (marsh-gas) . .  H^C  (or  CH4). 
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Why  is  it  that  while  chlorine  unites  with  one  atom  of  hydrogen, 
oxygen  can  take  up  two,  nitrogen  (N)  three,  and  carbon  (C)  four 
atoms  of  hydrogen?  Simply  because  carbon  has  four  times  the 
combining  power  as  hydrogen  or  chlorine,  and  twice  the  combining 
power  of  oxygen.  Valence  has  nothing  to  do  with  atomic  weight. 
While  the  latter  concerns  itself  over  combining  weight,  valency  refers 
only  to  combining  power.  That  carbon  has  the  valence  four — has 
four  times  the  combining  power  of  hydrogen — is  analogous  to  the  fact 
that  a  four-dollar  check  would  have  four  times  the  purchasing  power 
of  a  one-dollar  check.  Akin  to  this  is  the  illustration  that  a  man 
with  four  hands  could  do  four  times  as  much  grasping  as  a  man  with 
one  hand.  This  brings  up  the  graphic  way  of  illustrating  valence 
called  after  its  originator,  "Frankland's  bonds." 

Frankland  represented  valence  after  this  idea  of  hands,  sketching 
the  symbol  of  the  element  with  as  many  lines  as  its  valency. 

Thus: 

Hydrogen  with  valence  one  is  sketched  as  H — 
Chlorine  "  one  "  CI — 

Oxygen  "  two  "  0^= 

Nitrogen  "  three  "  N^^ 

Carbon  "  four  "  C^ 

While  the  compounds  cited  above  are  given  the  following  graphic 
formula: 

Hydrochloric  Add.  Water.  Ammonia.  Methane. 

H  A H 


H  CI    H  0  H    Ne:    C 


To  get  the  idea  of  valence  imagine  hydrogen  and  chlorine  as 
one-armed  men  clasping  hands;  oxygen,  with  two  hands  going  down 
the  street  with  two  single-handed  hydrogen  atoms;  nitrogen  as  a 
three-handed  being,  and  carbon  as  possessing  four  hands. 

It  is  hardly  necessary  to  state  that  this  picture  is  purely  fanciful; 
that  this  combining  power  must,  in  truth,  consist  of  an  atomic  attrac- 
tion somewhat  similar  to  the  attraction  of  gravitation  as  exerted 
between  masses.  Or  perhaps  that  variation  of  combining  power  may 
be  the  proportional  variation  of  electric  manifestation. 

In  fact,  there  is  some  question  among  chemists  in  these  days  as 
to  the  entire  theory  of  valence,  and  especially  as  to  the  varying 
valences  exhibited  by  the  same  element,  noted  in  the  following  pages. 

But  be  this  as  it  may,  the  fact  still  remains  that  the  theory  of 
valence  affords  the  only  rational  and  practical  way  of  learning  to 
write  the  symbolic  formulae  of  chemicals,  and  in  this  spirit  the  subject 
is  discussed  in  these  pages. 

In  the  four  compounds  given  as  examples  of  valence,  hydrogen 
plays  a  leading  part,  but  when  we  consider  the  entire  vast  mass  of 
chemical  compounds  we  find  that  the  hydrogen  compounds  are  few, 
and  that  oxygen  is  the  element  preeminent  for  combinations.  This 
is  well  shown  in  the  combinations  of  chlorine.  Hydrogen  and 
chlorine  unite  to  only  one  compound,  the  hydrochloric  acid  (HCl) 
given  above.     But  when  we  look  up  the  combinations  of  chlorine 
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and  oxygen,  either  free  or  in  combination,  we  find  four  different 
bodies  having  the  following  formulas: 

CI2O,  CI2O3,  CI2O5,  andCl^O^. 

We  know  that  the  valence  of  oxygen  is  two,  that  each  atom  has 
two  bonds:  then  let  us  see  how  the  linking  power  of  chlorine  varies, 
by  analyzing  the  four  formulas  given  above. 

It  is  evident  that  the  first,  ClgO,  which  is  analogous  to  HjO,  has 
as  graphic  formula  CI — O — CI,  and  that  the  valence  of  chlorine  is  one. 

Now  for  CI2O3.  Three  atoms  of  oxygen  means  six  bonds  to  be 
divided  between  two  atoms  of  chlorine.  Therefore,  each  chlorine 
must  take  up  three  bonds  of  oxygen,  giving  the  graphic  formula 

In  CI2O3  the  valence  of  chlorine  must  be  three. 
In  CI2O5  the  five  oxygen  atoms  give  us  ten  bonds,  so  each  chlorine 
must  make  up  five  bonds,  thus: 


Ci: 


and  the  valence  of  chlorine  is  five. 

In  CI2O7  the  seven  oxygen  atoms  mean  fourteen  bonds,  with  seven 
bonds  for  each  chlorine  to  take  up,  thus: 

ciu 

and  in  this  case  the  valence  of  chlorine  must  be  seven. 
Then,  we  have  three  combinations  of  sulphur,  with  oxygen: 
SO,  SO2,  and  SO3. 

In  0 U  the  valence  of  sulphur  must  be  two. 

0=0 
In  0==0  "  "  "  four. 

In  0^=0  "  "  "  six. 

This  suggests  that  the  valence  of  an  element  varies,  and  the 
variation  has  been  explained  in  this  manner:  The  true  valence  of  an 
element  is  its  highest.     Thus,  in  sulphur  the  true  valence  is  six, 


Si 
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In  some  way  two  of  the  "hands"  (bonds)  become  clasped,  and 
just  as  it  is  impossible  to  pick  up  anything  with  clasped  hands,  so 
those  two  bonds  became  useless  for  linkage  purposes  and  the  sulphur 
atom  possesses  but  four  active  bonds,  as  shown  below. 


m 


Again  two  more  "hands"  grasp — two  bonds  saturate  each  other, 
as  the  term  is — and  there  remain  but  two  active  bonds  to  the  sulphur 
atom,  its  valence  is  two,  thus, 


Si 


This  fanciful  picture  is  given  for  what  it  is  worth,  and,  contrary 
to  this  theory,  the  usual  and  most  stable  valence  is  the  lowest. 

The  valence  of  an  element  is  expressed  in  Roman  numerals  above 
and  to  the  right  of  its  symbol;  thus,  chlorine  is  expressed  as  CV, 
Cl"^,  Cl"^,  or  Cl^"  respectively,  according  as  its  valence  is  one,  three, 
five,  or  seven. 

In  the  table  of  elements  found  on  the  following  page  not  only  is 
the  valence  and  atomic  weight  of  each  element  given,  but  the  elements 
are  grouped  in  two  columns,  according  as  they  are  electropositive  or 
electronegative. 

These  two  terms  indicate  the  behavior  of  the  elements  when 
compounds  containing  them  are  subjected  to  the  action  of  a  current 
of  electricity. 

The  subject  of  electricity  is  beyond  the  scope  of  this  work,  and 
here  can  mention  be  made  only  of  the  fact  that  electricity  is  developed 
by  the  dynamo,  such  as  can  be  seen  at  any  electric  lighting  station, 
and  the  battery,  such  as  accompanies  every  telephone  or  telegraph 
instrument. 

From  every  battery  two  wires  emerge,  and  through  these  wires 
pass  electricity  of  different  quality,  called  positive  and  negative,  and 
the  termination  of  the  two  wires  are  called  the  positive  pole  and  the 
negative  pole  respectively. 

If  we  take  common  salt,  sodium  chloride,  melt  it  and  subject  it, 
while  molten,  to  a  current  of  electricity,  at  the  positive  pole  of  the 
battery  we  get  the  odor  of  chlorine;  while  at  the  negative  pole  we  get 
metallic  sodium. 

Now,  the  electric  rule  is:  "Like  electricities  repel  each  other; 
unlike  attract  each  other,"  and,  since  sodium  goes  to  the  negative 
pole,  we  call  it  positive;  while  chlorine,  going  to  the  positive  pole,  is 
called  negative.  Accordingly,  we  see  that  sodium  chloride  contains 
one  portion  that  is  positive  and  another  that  is  negative,  and,  from 
this,  Berzelius  worked  out  his  electromagnetic  theory,  by  which  he 
divided  every  chemical  compound  into  positive  and  negative  parts, 
and  attempted  to  explain  chemical  action  by  electric  influence.  But 
his  theory  did  not  stand  the  test  of  time,  and  to-day  but  little  remains 
but  the  fact  that  we  speak  of  positive  elements,  to  which  we  give  the 
sign  "+,"  and  of  negative  elements,  which  are  marked  "— ."     All 
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the  metals  are  found  to  be  positive,  while  the  non-metallic  elements 
are  negative.  The  division,  however,  is  purely  relative.  Thus,  when 
zinc  is  combined  with  chlorine  it  is  the  positive  part  of  the  compound; 
whereas,  when  combined  with  sodium  it  is  the  negative  element. 


Name. 

r  Chlorine. 
Bromine. 


ELEMENTAL  TABLE 

Negative. 

Symbol 
and  Valence. 

CI.  I  ''n  V  VII 

.  Br.  I  lu  V  VII 


Monads. 
(Usually  having  -j 
valence  i.) 


Iodine L  imwii 


Atomic 
Weight. 

35.5 
80. 
126. 


Name. 


Positive. 

+ 

Symbol 
and  Valence. 


Lithium Li.  ' 

Sodium Na. 

Potassium K.  ^ 

Copper Cu. 

(  ous"  form) 

Silver Ag. 

Mercury Hg. 

("ous    form) 


'  Oxygen. 
Sulphur. 


Dyads. 

(Usually  having 
two  bonds — 
the  valence 
II.) 


.0.  n  16. 

.  S.  n  IV  VI        32. 


Magnesium. . . 

Calcium 

Strontium 

Barium 

Iron 

("ous"  form) 
Copper 

("ic"  form) 

Zinc 

Mercury 

("ic"  form) 

Lead 

Tin 

("ous"  form) 


Mg.  " 

Ca.  " 
Sr.  n 

Ba.  " 
Fe.  n 

Cu.  n 

Zn.  M 
Hg.n 

Pb.  n 

Sn.  H 


Triads. 

(Having  the  val-  . 
ence  in,  usu- 
ally.) 


r  Boron... . B.  ni 

Nitrogen N.  i"v 


Phosphorus.  ..P.  i"v 

Arsenic As.  "i  v 

Antimony Sb.  "i  v 


Tetrads. 
(Valence  of  iv.) 


f  Carbon C.  ^v 

I  Silicon Si.  iv 


11. 
14. 

31. 

75. 

120. 


12. 

28. 


Aluminum Al.  i" 

Iron Fe.  i" 

("ic"  form) 

Gold Au.  I" 

Bismuth Bi.  i« 

Cerium Ce.  "i 


Tin Sn.  iv 

("ic"  form) 


Atomic 
Weight. 

7 
23 
39 
63 

108 
200 


24 
40 
87 
137 
56 

63 

65 
200 

206 
118 


27 
56 

196 
207 
140 

118 


Chromium  (Cr,  at.  wt.  52)  and  manganese  (Mn,  at.  wt.  54.8),  while 
found  in  official  compounds,  are  omitted  from  the  table  for  reasons 
given  on  pp.  528  and  541. 

Following  the  theory  of  variation  in  valence  cited  on  p.  365,  it 
is  seen  that  the  variation  should  always  be  by  two — i,  iii,  v,  vii 
or  II,  IV,  VI — and  facts  bear  this  out;  mercury,  iron,  and  copper 
being  the  only  exceptions  in  the  table  just  given.  The  irregular 
variations  of  these  will  be  explained  later. 

Having  considered  the  subject  of  chemistry  from  the  standpoint 
of  the  individual  elements,  we  can  now  take  up  the  subject,  grouping 
of  elements,  thus  entering  into  the  domain  of  chemical  compounds. 

We  have  spoken  of  molecules  as  the  smallest  particles  of  matter 
existing  in  a  free  state,  and  we  mentioned  among  others  the  molecule 
of  oxygen.  Such  an  elemental  molecule  is  called  a  simple  molecule, 
in  distinction  to  compound  molecules;  those  containing  at  least  two 
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different  kinds  of  elements.  Thus,  while  Oj,  Sj,  or  P^  are  examples 
of  simple  molecules,  NaCl,  KLjSO^,  and  KNaQH^Og  are  types  of  com- 
pound molecules;  and  while  the  simple  molecules  contain  only  a  small 
number  of  atoms, — usually  two, — the  number  of  atoms  in  a  compound 
molecule  are  practically  unlimited;  one  complex  organic  body, 
hemoglobin,  containing  over  2000  atoms  to  the  molecule,  it  is 
claimed. 

Taking  up  the  inorganic  compound  molecules,  we  first  divide  them 
into  two  classes — the  binary  and  the  ternary  compounds. 

Binary  compounds  are  those  containing  two  different  kinds  of 
elements.  Thus,  NaCl,  KBr,  CaO,  and  CljOg  are  examples  of  binary 
compounds. 

The  naming  of  binary  compounds  is  simple.  We  give  the  name 
of  the  positive  element  first;  then  the  name  of  the  negative  element, 
changing  its  termination  to  "ide."  Making  this  clear  by  illustration, 
we  will  take  NaCl  as  the  first  example.  This  consists  of  sodium  and 
chlorine.  The  table  on  p.  367  shows  that  sodium  is  the  positive 
element  and  chlorine  the  negative  element  of  that  compound.  Accord- 
ingly, we  call  the  body  sodium  chloride.  Remember,  as  very  important, 
that  the  termination  "ide"  is  characteristic  of  binary  compounds. 

In  writing  binary  compounds  we  place  the  symbol  of  the  positive 
element  first;  then  the  symbol  of  the  negative  element,  placing  below 
and  to  the  right  of  each  symbol,  in  Arabic  numerals,  the  respective 
number  of  atoms  entering  into  the  molecule.  Thus  CaClj  means  1 
atom  of  calcium  and  2  atoms  of  chlorine,  making  a  molecule  of  calcium 
chloride. 

Before  leaving  binary  compounds,  mention  must  be  made  of  the 
four  acids  belonging  to  this  group.  These  four  are  HCl  (hydrochloric 
acid);  HBr  (hydrobromic  acid);  HI  (hydriodic  acid);  and  HFl 
(hydrofluoric  acid);  and  they  are  called  the  halogen  or  haloid  acids. 
As  acids  will  come  in  for  discussion  in  Chapter  XXIV,  these  halogen 
acids  will  be  left  for  that  time.  They  must  be  noted  here,  however, 
if  for  no  other  reason  than  as  exceptions  to  the  nomenclature — to  the 
naming — of  binary  compounds. 

Ternary  compounds  are  those  inorganic  bodies  containing  three  or 
more  different  kinds  of  elements.  The  word  "ternary,"  coming  from 
a  Latin  root  meaning  "three, "  would  seem  to  exclude  any  compounds 
other  than  those  containing  three  kinds  of  elements.  However,  as 
there  are  comparatively  few  definite  inorganic  compounds  containing 
more  than  three  different  elements,  these  few  are  usually  included  and 
discussed  with  the  ternary  compounds.  The  naming  of  ternary  com- 
pounds is  a  matter  of  some  complexity,  and  before  discussing  this 
phase  of  the  question  it  is  necessary  to  explain  the  formation  of  ternary 
compounds. 

All  ternary  compounds  are  derived  indirectly  from  binary  com- 
pounds, the  oxides,  and  it  is  therefore  necessary  to  discuss  these 
important  bodies.  If  we  take  the  various  oxides  and  combine  them 
with  water,  we  get,  according  as  the  distinctive  element  is  positive  or 
negative,  an  acid  or  a  base,  as  shown  by  the  two  following  equations: 

Thus,  P2O5  +  H2O  =  H^P^Oe  =  2HPO3. 
CaO  +  HjO  =  CaO^H^  =  Ca(0H)2. 


INTRODUCTION  369 

By  the  term  "equation, "  given  above,  we  mean  the  representation 
by  means  of  symbolic  formulas  of  how  a  chemical  reaction  occurs. 

Thus,  the  first  of  the  two  equations  given  above  means  that  one 
molecule  of  phosphoric  oxide  (PjOg)  combines  with  one  molecule  of 
water  (HjO)  to  make  two  molecules  of  metaphosphoric  acid  (2HPO3). 

The  second  means  that  one  molecule  of  calcium  oxide  (CaO)  com- 
bines with  one  molecule  of  water  (HjO)  to  make  one  molecule  of  the 
base,  calcium  hydroxide  (Ca(0H)2). 

Details  of  the  writing  and  the  balancing  of  such  equations  will 
be  given  later  (p.  421). 

In  discussing  this  matter  we  will  consider,  first,  the  acids  and  then 
the  bases. 

Formation  of  the  Acid  Formula. — Going  back  to  the  table  on  p.  367, 
running  down  the  line  of  negative  elements  we  find  silicon  with  the 
valence  four. 

One  atom  of  silicon  with  valence  four  can  take  up  two  atoms  of 
oxygen  with  valence  two,  as  shown  in  the  following  graphic  formula: 


Si: 


:0        or  SiOz- 


This  body  is  called  silicon  oxide  or  silicic  oxide.  When  this  oxide 
combines  with  water  we  get: 

SiOa 

H,    O 

HjSiOs      Silicic  Acid. 

In  another  form,  Si02  +  H20=H2Si03. 

It  will  be  noticed  that  in  this  oxide  and  the  derived  acid  the  word 
silicon  is  changed  to  silicic. 

Suppose  we  consider  the  two  oxides  of  nitrogen  which  combine  with 
water.  Looking  at  the  table  on  p.  367,  we  find  the  valence  of  nitrogen 
three  and  five;  therefore  the  oxides  must  be 


N=°        N 

O   N2O3  and 

N=«  N 


:0 

=0 

O   N2O3  and  ~~=^0        N2O5. 


O 
-O 


The  linkage  of  the  nitrogen  and  of  the  oxygen  in  these  two  cases 
occurs  in  a  manner  precisely  the  same  as  the  linkage  between  oxygen 
and  chlorine  of  valence  three  and  five,  as  shown  on  p.  365.  In 
naming  these  two  oxides  of  nitrogen  both  cannot  be  nitric  oxide,  so 
we  apply  that  name  to  the  one  in  which  nitrogen  shows  the  highest 
valence,  calling  the  other,  the  one  in  which  nitrogen  shows  the  valence 
three,  nitrows  oxide. 

Adding  water  to  these,  we  get  the  corresponding  acids;  thus — 

(a)     NjOj  (nitrous  oxide)  +  HjO  =  H2NJO4  =  2HN0,  (nitrous  acid). 
(6)     N2O5  (nitric  oxide)     +  H,0  =  HjNjOe  =  2HN08  (nitric  acid). 

24 
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These  two  equations  can  be  expressed  in  words  as  follows: 

(a)  One  molecule  of  nitrous  oxide  plus  one  molecule  of  water 
gives  two  molecules  of  nitrous  acid. 

(6)  One  molecule  of  nitric  oxide  plus  one  molecule  of  water  gives 
two  molecules  of  nitric  acid. 

In  other  words,  with  these  oxides  of  nitrogen  the  molecule  of  the 
oxide  does  not  blend  with  the  molecule  of  water  to  make  one  molecule 
of  the  acid,  as  was  the  case  in  the  formula  of  silicic  acid,  but  two 
molecules  result  from  the  combination. 

As  the  symbolic  formula  expresses  the  contents  of  a  molecule,  the 
formula  of  nitrous  acid  is  HNOj  and  the  formula  of  nitric  acid  is  HNO3. 

Looking  up  sulphur,  we  find  it  has  three  valences,  and,  therefore, 
yields  three  oxides,  SO,  SO2,  and  SO3.  SO3  we  call  sulphuric  oxide; 
SO2,  sulphurous  oxide;  and  SO  we  call  hyposuliphurous  oxide,  the 
prefix  "hypo"  meaning  "under." 

Let  us  see  how  these  three  oxides  form  acids. 

SO  {hyposulphurous  oxide)  +  HjO  =  H2SO2  (hyposulphurotis  acid). 
SO2  (sulphuroits  oxide)         +  H^O  =  H2SO3  (sulphuroi^s  acid). 
SOj  (sulphuric  oxide)  4-  HjO  =  H2SO4  (sulpiiuric  acid). 

So  when  we  have  three  acids  from  one  negative  element,  the  name 
of  the  negative  element  in  which  that  element  acts  with  the  highest 
valence  is  given  the  termination  "ic";  the  termination  in  the  one 
in  which  the  element  acts  with  the  next  lower  valence  is  "ous";  while 
the  one  in  which  the  element  acts  with  the  lowest  valence  is  given 
the  prefix  ^'hypo"  and  the  termination  ^'ous." 

As  noted  on  p.  365,  four  oxides  of  chlorine  yielding  acids  are 
known:  CljO,  CI2O3,  CI2O5,  and  CI2O7.  In  naming  these,  the  one 
with  the  lowest  valence  of  chlorine  is  called  "  hypochlorous" ;  the  next, 
"chlorous";  and  the  next,  "chlortc, "  just  as  in  the  preceding.  This 
leaves  the  fourth  to  be  named,  and  it  is  given  the  prefix  "per"  and  the 
termination  "ic" — "perchloric."  These  four  oxides  yield  four 
acids,  as  follows: 

CI2O  (hypocbloTotis  oxide)  +  H2O  =  H2CI2O2  =  2HC10  (hypochlorous  acid). 
CI2O3  (chloroi^  oxide)         +  H2O  =  H2CI2O4  =  2HCIO2  (chlorous  acid). 
CI2O5  (chloric  oxide)  +  HjO  =  H2CI2O6  =  2HCIO3  (chloric  acid). 

CI2O7  (perchloric  oxide)       +  H2O  =  HjCljOs  =  2HC104  (perchloric  acid). 

This  completes  the  theoretic  formation  and  naming  of  acids;  the 
summary  of  nomenclature  being: 

If  there  is  one  oxyacid  from  an  element  it  has  the  termination  "ic," 
If  there  are  two,  the  higher  in  valence  is  "ic." 

the  lower  in  valence  is  "ous." 
If  there' are  three,  the  highest  in  valence  is  "ic." 

the  middle  in  valence  is  "ous." 

the  lowest  in  valence  is  "hypo — (ms." 
If  there  are  four,  the  lowest  in  valence  is  "hypo — ous." 

the  next  higher  in  valence  is  "ous." 

the  next  higher  in  valence  is  "ic." 

the  highest  in  valence  is  "per — ic." 

Remember,  this  method  of  nomenclature  applies  only  to  oxyacids — 
those  acids  which  contain  oxygen. 
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The  four  haloid  acids  have  their  specific  names — hydrochloric, 
hydrobromic,  etc.,  and  do  not  enter  into  this  category.  Do  not 
confuse  hydrochloric  with  chloric  acid.  Hydrochloric  acid  is  a  binary 
compound,  HCl,  while  chloric  acid  is  ternary — an  oxyacid — HCIO3. 

It  may  be  well  to  emphasize  that  the  above  explanation  of  the 
formation  of  acids  is  given  merely  with  the  view  of  teaching  the 
student  the  writing  of  formulas,  and  it  is  necessary  to  warn  the  reader 
against  assuming  the  conclusion  that  the  practical  manufacture  of 
the  chemicals  whose  formulas  are  thus  worked  out  of  necessity  follows 
the  same  line  here  suggested.  While  it  is  true  that  sulphuric  acid  is 
made  by  treating  sulphuric  oxide  with  water,  silicic  acid  cannot  be 
formed  by  direct  combination  of  silicic  oxide  (sand)  and  water. 
Again,  it  might  be  mentioned  that  frequently  some  of  the  compounds 
spoken  of  familiarly  when  discussing  formula  writing  may  be  too 
unstable  to  exist.  This  is  true  of  several  oxides  of  chlorine  and  of 
iodine. 

In  working  out  the  theoretic  formation  of  the  acids  given  above, 
the  graphic  formula  of  the  oxide  has  been  given,  followed  by  the  mere 
statement  that  the  acid  is  formed  by  adding  water  to  the  oxide.  The 
question  that  might  arise  is.  How  is  it  possible  to  add  a  molecule  of 
water  to  a  saturated  compound?  In  the  group  SO3  each  of  the  six 
bonds  of  the  sulphur  are  taken  up  by  oxygen,  so  where  can  the  two 
atoms  of  hydrogen  and  one  of  oxygen  be  attached? 

The  answer  is  very  simple,  for  when  water  (HjO)  is  brought  in 
contact  with  sulphuric  oxide  (SO3) ,  the  latter  arranges  with  the  water 
to  the  new  groupings  here  shown: 


Si 


the  water  breaking  into  H  and  OH;  one  of  the  O  atoms  of  SO3  breaking 
loose  from  the  double  union  with  sulphur  and  uniting  with  the  free 
H  from  the  water  (forming  OH),  while  the  OH  group  from  the  water 
attaches  itself  to  the  free  sulphur  bond,  and  we  get  the  compound 
S02(OH)2 — H2SO4,  sulphuric  acid — containing  two  hydroxyls  (the 
radical  mentioned  on  p.  630). 

It  might  be  interesting  to  express  graphically  the  transition  of  one 
molecule  of  nitric  oxide  into  two  molecules  of  nitric  acid,  as  described 
above. 

One  molecule  One  molecule  Two  molecules 

Nitric  oxide.  Water.  Nitric  add. 

:0  ftl OH 


O 


N=§  H  N 

■1^0  +  1  =  ■^=0 

lli=o  OH  M=o 


o 

OH 


It  will  be  seen  from  this  that  the  graphic  formula  of  nitric  acid  is 


n: 


-OH 

:0 

:0 


that  is,    to  the  atom  of  nitrogen  there  are  attached  two  atoms  of 
oxygen  and  one  hydroxyl  group. 
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Formation  of  the  Formula  of  Bases. — Bases,  with  the  exception 
of  ammonia  and  its  organic  derivatives,  which  we  will  discuss  in  due 
course  of  time,  represent  the  oxygen  and  hydrogen  compounds  of  a 
positive  element,  and  can  be  derived  in  exactly  the  same  way  as  the 
acids  have  been  from  the  negative  elements — by  adding  water  to  the 
oxides;  only  in  the  case  of  bases  the  process  is  much  simpler. 

In  glancing  over  the  positive  elements  on  p.  367,  it  will  be  noticed 
that  all  these  elements,  save  mercury,  iron,  and  copper,  usually 
exhibit  but  one  valence,  and,  accordingly,  each  element  usually  yields 
but  one  base.  The  nomenclature  is  much  simplified  by  this  fact, 
bases  being  named  by  placing  the  name  of  the  characteristic  element 
first,  followed  by  the  word  "hydroxide." 

Let  us  summarize  by  a  few  general  examples: 

NojO  (sodium  oxide)  +    H^O  =  NajOjHa  =  2NaOH  (sodium  hydroxide). 
CaO  (calcium  oxide)   +    HjO  =  CaOaHj    =  Ca(0H)2  (calcium  hydroxide). 
FeaOs  (ferric  oxide)     +  SHjO  =  Fe^OeHs  =  2Fe(OH)3  (ferric  hydroxide). 

In  the  above  equations  the  end  formula,  whenever  possible,  has 
been  reduced  to  its  simplest  form.  Thus,  NaaOaHj,  like  H2N2O4  of  p.  369, 
can  be  divided  by  two,  and  in  truth  the  molecule  of  sodium  hydroxide 
is  NaOH  and  not  NajOjHj.  Again,  note  that  a  large  figure  placed  at 
the  commencement  of  a  formula  multiplies  every  element  following 
it  by  that  number;  thus  2NaOH  means  NagOjIIa;  2HNO2  is  the  same 
as  H2N2O4  (O2X2  equals  OJ. 

It  will  be  seen  in  the  case  of  calcium  hydroxide  that  Ca02H2,  con- 
taining as  it  does  but  one  atom  of  calcium,  constitutes  one  molecule. 
In  such  cases,  however,  it  is  considered  neater  to  inclose  the  oxygen 
and  hydrogen  in  brackets,  with  the  number  of  atoms  outside  the 
brackets.  Thus,  Ca02H2  is  usually  expressed  as  Ca(0H)2.  A  small 
figure  outside  the  brackets  multiplies  each  element  within  the  brackets, 
even  as  a  large  figure  in  front  of  the  formula  multiplies  every  element 
following  it. 

Graphically,  these  hydroxides  may  be  expressed  with  equal  ease  as 
hydroxyl  derivatives,  each  bond  of  metal  taking  one  OH  group,  thus: 

Na  H  Na-O-H 

i  +  i  = 


Ns 


H  Na-O-H 


It  is  customary  to  make  a  slight  difference  in  the  writing  of  acids 
and  bases.  In  writing  acids,  we  place  the  hydrogen  atoms  first,  then 
the  characteristic  element,  and  finally  the  oxygen  atoms.  In  bases, 
on  the  contrary,  the  characteristic  element  comes  first,  followed  by 
the  hydroxyl  groups.  This  is  a  mere  matter  of  form,  the  only  reason 
why  the  two  classes  of  bodies  are  so  differentiated  being  because  it 
affords  a  convenient  method  of  distinguishing  acid  and  basic  formulas. 

It  is  wise,  however,  not  to  get  bound  down  to  rigid  rules.  Different 
books  have  different  ways  of  writing  formulas;  for  instance,  sulphuric 
acid  can  be  written  S02(OH)2  as  well  as  H2SO4. 

Considerable  mention  has  been  made  on  preceding  pages  of  acids 
and  bases  without  giving  any  idea  what  these  bodies  really  are. 
The  theoretic  consideration  of  them  just  given  is  very  important, 
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but  it  does  not  represent  real  practical  conditions.  Acids  and  bases 
had  first  to  be  known  before  theories  regarding  them  were  evolved, 
and  it  is  of  greatest  importance  that  they  should  be  known  when  met 
with. 

The  following  definitions  should  be  carefully  studied: 

An  acid  is  a  substance  which  turns  blue  litmus-paper  red  and 
combines  with  bases  to  form  salts. 

A  base  is  a  substance  which  turns  red  litmus-paper  blue  and 
combines  with  acids  to  form  salts.     And,  finally, 

A  salt  is  the  product  of  the  combination  of  an  acid  and  a  base. 

Litmus-paper  is  an  article  of  commerce  made  by  dipping  porous 
paper  in  a  decoction  of  litmus,  a  sort  of  lichen.  A  drop  of  acid  (always 
to  be  applied  in  diluted  form)  will  make  a  red  spot  on  blue  litmus- 
paper,  and  likewise  a  drop  of  diluted  alkali  (as  bases  are  called)  will 
make  a  blue  spot  on  red  litmus-paper. 

The  three  classes,  acids,  bases,  and  salts,  cover  the  entire  domain 
of  ternary  compounds.  Before  speaking  of  salts,  mention  must  be 
made  of  another  point  concerning  acids.  We  have  just  seen  that 
sulphuric  acid  may  be  written — 


In  other  words,  as  a  sulphur  atom  with  two  oxygen  atoms  and  two 
hydroxyl  groups  attached.  If  we  look  up  the  formula  of  boric  acid, 
we  find  it  to  be  H3BO3  or,  graphically, 

-OH 
-OH 
-OH 

In  this,  each  bond  of  the  characteristic  atom  is  taken  up  by  a 
hydroxyl,  and  such  an  acid  is  called  an  "ortho"  acid.  Almost  all 
bases  are  "ortho, "  having  as  many  hydroxyls  as  bonds  of  the  charac- 
teristic element,  and  thus  we  find — 


B 


Sodium  hydroxide.  Calcium  hydroxide.  Ferric  hydroxide. 


but  with  acids  it  is  different,  and  of  the  oxyacids,  boric  acid  is  the  only 
oflBcial  ortho  acid. 

There  is  an  official  acid  called  orthophosphoric  acid  (H3PO4),  but 
it  is  not  a  true  ortho-acid  in  the  sense  expressed  above.  Its  graphic 
formula  is — 


while  true  ortho-phosphoric  acid  should  be 


-OH 
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Acids  not  having  all  the  bonds  of  the  characteristic  element  taken 
up  by  hydroyxl  groups  are  called  meto-acids,  and,  accordingly,  H3PO4 
should  be  classed  among  the  meta-acids. 

The  original  idea  of  ortho-  and  meta-  combinations  was  that  when  two  kinds 
of  salts  of  the  same  acid  were  known,  the  one  containing  the  most  metal  was  called 
the  ortho-salt,  while  the  other  was  called  the  meta-salt.  Thus,  the  sodium  salt  of 
HsPOi  was  called  orthophosphate  of  soda,  while  the  sodium  salt  of  HPO3  was  called 
metaphosphate  of  soda. 

The  difference  between  the  three  phosphoric  acids,  H5PO5,  H3PO4, 
and  HPO3,  is  simply  a  loss  of  water. 

It  appears  that  usually  the  characteristic  element  cannot  carry 
many  hydroxyl  groups,  and  these  are  parted  with  by  the  throwing 
off  of  water,  as  represented  in  the  following  graphic  sketch,  in  each 
formula  of  which  the  hydrogen  and  oxygen,  thrown  off  as  water, 
are  underscored: 

p^|-H,o=p3p^l-H.o=p: 

H^POs  H3PO,  HPO3 

SALTS 

Salts  are  solids,  neutral  to  test-paper,  affecting  neither  the  red  nor 
the  blue  of  litmus.  Of  course,  there  are  exceptions;  but  this  much  can 
be  usually  stated  regarding  them:  As  to  the  naming  of  a  salt,  we  place 
first  the  name  of  the  metal  (the  base;  the  positive  element),  then  the 
name  of  the  acid,  the  termination  of  which  is  changed  to  "ate,"  if  we 
are  dealing  with  an  "ic"  acid;  and  to  "ite,"  if  it  comes  from  an  "ous" 
acid.     This  is  shown  clearly  in  the  names  of  the  oxyacids  of  chlorine. 

Hypochlorows  acid  gives  hypochlorites. 

Chlorows  acid  gives  chlorides. 

Chloric  acid  gives  chlorates. 

Perchloric  acid  gives  perchlorafcs. 

The  salts  of  the  halogen  acids  do  not  come  under  this  method  of  nomenclature. 
Such  salts  are  binary  compounds,  and  are  given  the  termination  "ide"  ;  thus,  hydro- 
chloric acid  yields  chlorides,  hydrobromic  acid  yields  bromides,  hydriodic  acid  yields 
iodides.  The  alkaloidal  salts  of  these  acids  are,  however,  called  hydrochlorates, 
hydrobromates,  hydriodates  respectively. 

The  formation  of  salts  is  governed  by  valence,  just  as  is  the  origin 
of  all  other  compounds,  and  to  write  the  formulas  of  salts  intelligently 
it  is  essential  to  know  the  valence  expressed  in  the  table  on  p.  367. 

We  have  given  as  the  definition  of  valence  "the  relative  combining 
power  of  elements."  Valence,  however,  means  more  than  this,  and 
when  we  say  that  the  valence  of  sodium  is  one,  we  not  only  mean 
that  an  atom  of  it  can  combine  with  one  atom  of  chlorine  to  form 
a  molecule  of  sodium  chloride,  but  also  (what  is  the  same  thing 
expressed  differently)  one  atom  of  it  can  replace  one  atom  of  hydrogen 
in  hydrochloric  acid  (HCl)  to  form  the  molecule  of  sodium  chloride. 
So  valence  not  only  means  relative  combining  power,  but  also  the 
relative  power  of  a  metal  to  replace  the  hydrogen  of  an  acid. 

A  few  examples  may  perhaps  better  explain  this. 
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Let  us  take  sodium,  with  the  valence  one.  One  atom  can  replace 
one  atom  of  hydrogen  in  an  acid. 

Nitric  acid,  HNO3,  has  one  atom  of  hydrogen;  this  can  be  replaced 
by  an  atom  of  sodium,  when  we  get  NaNOg,  sodium  nitrate.  Sulphuric 
acid,  H2SO4,  has  two  atoms  of  replaceable  hydrogen;  therefore,  two 
atoms  of  sodium  are  needed,  when  we  get  Na2S04,  sodium  sulphate. 

Now  for  the  combinations  of  calcium,  valence  two,  which  means 
that  one  atom  of  calcium  can  replace  two  atoms  of  hydrogen  in  an 
acid. 

Nitric  acid,  HNO3,  has  one  atom  of  hydrogen;  calcium  requires 
two;  accordingly,  we  take  one  atom  of  calcium  and  two  molecules 
HNO3,  thus: 


Ca"  -  iroi  =  H.  +  ca: 


-NO3 
WJ-NO3 


replacing  the  two  hydrogen  by  one  Ca,  forming  Ca(N03)2,  calcium 
nitrate,^ 

Sulphuric  acid,  H2SO4,  has  two  atoms  of  hydrogen.  These  can  be 
replaced  by  one  atom  of  calcium,  when  we  get  CaS04,  calcium  sulphate. 

Phosphoric  acid,  H3PO4,  has  three  replaceable  atoms  of  hydrogen; 
calcium  requires  two.  This  complicates  matters  and  we  had  better 
write  the  equation  graphically: 

OH  P=o Pj, 

""    +    3Ca    =    3H2   +     '^=03      ^"^^^^'^^ 

;H  ^  1% 3 n        Calcium  phosphate. 


p^=Ca 


the  reaction  occurring  between  three  atoms  of  calcium  and  two 
molecules  of  phosphoric  acid,  the  six  hydrogen  atoms  of  which  are 
replaced  by  the  three  calcium  atoms. 

As  the  last  example,  let  us  take  bismuth,  valence  three;  one  atom 
of  bismuth  being  able  to  replace  three  atoms  of  hydrogen  in  an  acid. 

Nitric  acid,  HNO3,  has  one  hydrogen;  so  to  combine  with  bismuth 
three  molecules  of  nitric  acid  are  necessary,  thus: 

"■  HNO3  ^  "• NO3     Bismuth  nitrate. 

Sulphuric  acid,  H2SO4,  has  two  atoms  of  hydrogen;  bismuth 
requires  three;  therefore  combination  occurs  between  three  molecules 
of  the  acid  and  two  atoms  of  bismuth,  thus: 


bl  H2SO4  „„  DI=S04       Ri  rSO  "I 

+     H^so;     =      3H2     4-     ":=so4       ^!2loU4; 


IjIII  H2SO4  ^  nj=so4       Bismuth  sulphate. 


*  In  this  and  other  replacing  equations  found  in  this  chapter,  the  liberation  of 
hydrogen  need  not  be  taken  too  literally.  Metallic  calcium  plus  the  appropriate 
acid  may  liberate  hydrogen,  but  the  reaction  is  too  violent  to  be  practical.  In 
general  manufacturing  the  oxide  or  carbonate  of  the  first  and  second  group  of 
metals  is  usually  employed. 
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Phosphoric  acid,  H3PO4,  has  three  atoms  of  hydrogen;  bismuth 
requires  three,  so  the  combination  will  be: 

Bi  +  H3PO4  =  H3  +  BiPO^     Bismuth  phosphate. 

To  sum  up  the  important  study  of  the  writing  of  formulas  of  salts: 
Halogen  Salts. — These  follow  the  general  rule  for  binary  com- 
pounds. Remember  that  all  official  compounds  the  name  of  whose 
negative  element  ends  in  "ide"  are  binary,  and  then  follow  the 
general  rule  for  binary  formulas  given  on  p.  368;  the  process  being 
merely  a  matter  of  relative  valence.  As  to  writing  binary  compounds, 
look  up  the  valence  of  the  positive  and  negative  elements  of  the  com- 
pound, and  combine  these  in  just  such  proportions  that  each  will 
furnish  the  same  number  of  bonds;  viz.: 

Valences  similar,  the  elemental  union  is  atom  for  atom. 

Valences  II  and  III,  "                    "      3  atoms  of  II  to  2  atoms  of  III. 

Valences  II  and  IV,  "                    "      2  atoms  of  II  to  1  atom  of  IV. 

Valences  II  and  V,  "                    "      5  atoms  of  II  to  2  atoms  of  V. 

Valences  II  and  VI,  "                    "      3  atoms  of  II  to  1  atom  of  VI. 

Valences  II  and  VII,  "                    "      7  atoms  of  II  to  2  atoms  of  VII. 

Combinations  of  the  valence  i  with  the  valence  11  to  vii  are  so  simple 
that  they  need  not  be  given.  Until  the  student  becomes  expert,  it 
is  better  to  work  out  formulas  by  the  graphic  means  described  on 
p.  369. 

In  writing  out  the  empirical  formulas  of  the  binary  compounds, 
remember  that  the  symbol  of  the  positive  element  comes  first,  then 
that  of  the  negative,  with  the  number  of  atoms  of  each  below  and 
to  the  right  of  the  respective  symbols. 

Ternary  Salts. — In  writing  a  formula  of  a  ternary  salt,  we  first 
must  know  the  formula  of  the  acid  from  which  it  is  derived,  and  this 
is  worked  out  from  the  formula  of  the  oxide,  which  in  turn  is  figured 
by  valence — by  the  regular  rule  for  the  writing  of  binary  formulas. 
An  example  can  best  illustrate  this. 

We  want  to  know  the  formula  of  sodium  sulphate  and  do  not  know 
either  the  formula  of  sulphuric  acid  nor  of  sulphuric  oxide.  Referring 
to  table  of  elements  on  p.  367,  we  find  the  valence  of  sulphur  is  11, 
IV,  and  VI.  We  are  working  on  sulphuric  compounds,  and  the 
valence  of  sulphur  in  these  is  its  highest,  vi,  and,  graphically,  we 
sketch  the  oxide. 


m 


io  SO3 

-Q  Sulphuric  oxide. 


To  make  this  into  sulphuric  acid,  water  is  added,  by  the  following 
reaction: 

SO3  +  H2  O  =  H,  SO4. 

Thus,  learning  that  the  formula  of  sulphuric  acid  is  H2SO4,  and 
remembering  that  each  atom  of  hydrogen  removed  from  the  acid  in 
making  a  salt  calls  for  one  bond  of  the  replacing  metal,  we  now  look 
at  the  replacing  capacity — the  valence — of  the  metal.  We  find  that 
sodium  has  the  valence  one — that  one  atom  of  it  can  replace  but  one 
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atom  of  hydrogen  in  an  acid.  As  sulphuric  acid  has  two  atoms  of 
hydrogen,  to  replace  these,  two  atoms  of  sodium  will  be  needed,  and 
by  this  reasoning  we  learn  that  the  formula  of  sodium  sulphate  is 
NazSO^.     All  this  was  fully  explained  on  p.  375. 

'  If  deemed  preferable,  the  haloid  salts — the  salts  of  hydrochloric, 
hydrobromic,  hydriodic,  and  hydrofluoric  acids — may  be  worked 
out  by  this  idea  of  replacement  of  hydrogen  in  an  acid  by  a  metal, 
as  the  following  sketching  of  the  formulas  of  chlorides  will  show: 

Nai        Na  —  +  HCl  =  H     +  Na  —  CI        NaCl 

Ca"       Ca  =  tHcl  =  H.   +Ca=cl        CaCI, 


Bini 


—  HCl 

—  +  HCl 

—  HCl 


3H  + 


Bi 


—  ci 

—  ci 

—  Cl 


Bid, 


This  explanation  can  be  condensed  into  the  following  table  of 
formula  writing.  If  we  want  the  formula  of  a  ternary  salt — say 
sodium  sulphate — it  can  be  worked  out  by  answering  the  following 
questions: 

Question.  Answer. 

Applied  to  the  type,  sodium  sulphate. 
A  sulphate  is  a  salt  of  sulphuric  acid, 

"ic"  acids  giving  "ate"  salts. 
From  sulphuric  oxide,  the  name  of  the 

oxide  being  always  that  of  the  acid. 
Sulphuric  acid  must  come  from  the  ele- 
ment sulphur. 
II,  IV,  and  VI,  as  shown  on  p  367. 
"ic"  oxide  means  that   oxide  showing 
the  highest  valence  of  the  element, 
when  that  element  has  three  or  less 
valences.     Hence  in  sulphuric  oxide 
sulphur  must  have  the  valence  vi. 
One  atom  of    sulphur  with  valence  vi 
takes  three  atoms  of  oxygen  (valence 
ii)  for  saturation,  thus: 


1.  Of  what  acid  is  the  compound  a  salt? 

2.  From  what  oxide  is  this  acid  derived? 

3.  What  is  the  characteristic  element  in 

this  oxide? 

4.  What  is  the  valence  of  this  element? 

5.  What  is  the  valence  of  this  element  in 

the  oxide  above  mentioned? 


6.  What  is  the  graphic  formula  of  this 
oxide? 


-     SO3. 


7.  How  is  the  acid  derived  from  this 

oxide? 

8.  What,  then,  is  the  formula  of  the 

acid? 

9.  What  is  the  valence  of  the  metal  in 

the  salt? 

10.  What  does  this  mean? 

11.  How    many    atoms    of    replaceable 

hydrogen  are  there  in  the  acid  in 
question? 

12.  Then  how  many  atoms  of  the  metal 

are  needed  to  make  a  molecule  of 
the  salt  in  question? 

13.  What,  then,  will  be  the  formula  of  the 

salt? 


By  addition  of  water,  thus,  SOs  +  HjO  = 

HjSO^. 
H2SO4. 

The  table  on  p.  367  says  sodium  has  the 
valence  i. 

That  one  atom  of  sodium  can  replace 
one  atom  of  hydrogen  in  an  acid. 

In  H2SO4  there  are  two  atoms  of  replace- 
able hydrogen. 

The  two  atoms  of  hydrogen  in  HjSO* 
need  two  atoms  of  sodium  to  replace 
them. 

Its  formula  will  be  Na^SO^. 


By  such  reasoning,  with  the  aid  of  the  table  on  p.  367,  practically  every  formula 
of  a  ternary  salt  can  be  worked  out. 
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The  salts  produced  as  just  described — by  replacing  all  the  hydrogen 
of  an  acid  by  a  metal — are  called  normal  salts. 

Thus,  when  the  two  atoms  of  hydrogen  in  sulphuric  acid  (HjSO^) 
are  replaced  by  two  atoms  of  sodium,  we  obtain  Na2S04 — normal 
sodium  sulphate. 

It  is  possible,  however,  to  replace  only  one  atom  of  hydrogen  in 
the  above  acid  by  one  atom  of  a  monad  metal,  and  if  sodium  is  the 
metal,  we  obtain  NaHS04  (sodium  bisulphate),  one  hydrogen  still 
remaining  in  the  compound.  This  atom  of  hydrogen  still  exerts  its 
acid  properties,  and  such  salts  usually  turn  blue  litmus  red,  and  are, 
therefore,  called  acid  salts.  Why  these  salts  are  given  the  prefix 
"bi, "  as  6tsulphate,  6itartrates,  etc.,  will  be  explained  later. 

On  treating  these  acid  salts,  such  as  potassium  bitartrate  (KHC4- 
H^Og),  with  the  hydroxide  or  carbonate  of  another  metal  (and  be  it  here 
said  that  in  practice  the  metal  itself  is  rarely  used  in  making  these 
salts,  in  many  cases  it  being  too  dangerous  a  procedure),  the  other 
metal  replaces  the  remaining  atom  of  replaceable  hydrogen,  thereby 
forming  a  double  salt. 

Thus,  replacing  the  hydrogen  of  KHC4H4O8  by  an  atom  of  sodium, 
we  obtain  potassium  and  sodium  tartrate,  (KNaC4H40g),  or  Rochelle 
salt. 

In  due  course  of  time  (p.  633)  it  will  be  explained  why  only  part 
of  the  hydrogen  of  an  organic  acid  is  replaceable  by  a  metal. 

Besides  the  normal,  acid,  and  double  salts  just  mentioned,  there 
is  a  class  of  salts  called  basic  salts.  In  the  acid  salts  there  is  pre- 
dominance of  the  acid  portion;  in  the  basic  salts  there  is  a  deficiency 
of  such.  These  basic  salts  will  be  more  thoroughly  considered  later. 
(See  p.  561.)  So  here  suffice  it  to  state  that  most  of  the  "sub" 
preparations,  as  bismuth  sw6nitrate,  iron  sw6sulphate,  etc.,  are  basic 
salts. 

CHEMICAL  ARITHMETIC 

The  pharmaceutic  application  of  atomic  and  molecular  weights 
described  on  pp.  362  and  363  are  manifold. 

Thus,  through  molecular  weights  we  are  able  to  estimate  the  amount 
of  water  of  crystallization  in  a  chemical  (p.  147). 

For  instance,  let  us  figure  out  the  percentage  of  water  of  crystalli- 
zation in  the  formerly  official  sodium  carbonate. 

The  formula  of  this  body  is  Na^COglOHgO,  which  means  a  molecular 
weight  of  286,  as  the  following  reckoning  will  show: 


Atomic  weight  of  Na  is  23 

Na^ 

=  2     X  23  = 

46 

Atomic  weight  of  C     "12 

C 

=  1     X  12  = 

12 

Atomic  weight  of  0    "  16 

Os 

=  3     X  16  = 

48 

Atomic  weight  of  H    "     1 

10H2 

=  20  X     1  = 

20 

Atomic  weight  of  0    "16 

100 

=  10  X  16  = 

160 
286 

The  molecular  weight  of  NajCOalOHjO  is  286,  and  of  this,  180 
parts  (20  + 160)  represent  the  ten  molecules  of  water  of  crystallization. 
What  per  cent,  of  286  is  180? 

This  is  easily  Iff  of  100  per  cent.,  or  63  per  cent.,  and  we  thus 
learn  that  63  per  cent,  of  crystalline  sodium  carbonate  is  water. 
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Again,  the  knowledge  of  molecular  weights  is  imperative  in 
estimating  the  proportional  weight  of  substances  entering  into  a  chemical 
reaction. 

For  instance,  let  us  calculate  the  amount  of  calcium  carbonate 
and  hydrochloric  acid  needed  to  make  calcium  chloride. 

Such  a  problem  is  solved  as  follows: 

We  first  figure  out  what  the  reaction  would  be,  and  express  same 
by  the  appropriate  equation. 

In  this  case  it  is: 


CaCOs  +  2HC1  =  CaOj 

1  molecule  2  molecules  1  molecule 

calcium  carbonate,   hydrochloric  acid,  calcium  chloride. 


1  molecule       1  molecule 
carbon  dioxide,      water. 


What  are  the  molecular  weights  of  these  several  bodies? 


CaCOs. 

At.  wt.  of  Ca  =  40. 
At.  wt.  of  C  =  12. 
At.  wt.  of  O3  =  16. 

Mol 


Ca  =  1  X  40  =    40 

C    =  1  X  12  =    12 

O3  =  3  X  16  =    48 

wt.  CaCo  =  100 


HCl. 

At.wt.ofH=       1.H  =  1X       1=       1 

At.  wt.  of  CI  =  35.5.  CI  =  1  X  35.5  =  35.5 

Mol.  wt.  of  HCl  =  36.5 

Hence  2  molecules  HCl  =  73.0 


CaCU 

Ca  =  1  X  40     =40 

a^  =  2  X  35.5  =_71 

Mol.  wt.  CaCL  =  111 


CO, 

C  =  1  X  12  =  12 
O2  =  2  X  16  =  32 
Mol.  wt.  CO,   =  44 


Hap 

H2  =  2  X     1  =     2 
O    =  1  X  16  =J6 

Mol.  wt.  HjO  =  18 


To  write  equation  again: 


CaCOs  +  2Ha  =  CaCU  +  CO,  +  HO, 
100  73  111  44  18 


This  summed  up  means: 

100  Gm.  absolute  calcium  carbonate 

and    73     "  "      hydrochloric  acid 

173  Gm. 


Give  111  Gm.  calcium  chloride. 
44      "    carbon  dioxide. 

18      "    water. 

173  Gm. 


Observe  that  we  obtain  exactly  the  same  number  of  grammes  of 
new  substances  as  the  total  amount  of  material  with  which  we  started 
in.  In  other  words,  in  chemical  reactions  matter  is  not  lost,  but 
merely  rearranged.     (Law  of  conservation  of  matter.) 

It  is  scarcely  necessary  to  say  that  the  amounts  given  in  the  above 
equation  are  merely  proportional,  that  in  place  of  100  grammes  and 
73  grammes  given  above,  we  could  put  100  pounds  and  73  pounds; 
100  ounces  and  73  ounces;  or  100  tons  and  73  tons.  All  that  is  essential 
is  that  quantities  of  calcium  carbonate  and  hydrochloric  acid  be  in 
the  proportion  of  100  to  73. 

Let  us  carry  out  several  modifications  of  this  idea: 

(o)  Suppose  the  example  was:  "How  much  calcium  chloride  can 
be  made  from  1  pound  of  calcium  carbonate?" 

From  above  equation  we  see  that  100  pounds  calcium  carbonate 
give  111  pounds  calcium  chloride.     We  therefore  reason  thus: 
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If  100  pounds  CaCOs  give  111  pounds  CaCla,  then  1  poimd  CaCOs  will  give  t^t  oi 
111  pounds  CaClj,  or  1.11  pounds  CaCl2. 

The  same  reasoning  expressed  in  proportion  reads: 

100     :     111     : :     1     :     X 

X      =     111      X      1  ,    ,  ,, 
Yqq~      equals  1.11. 

(6)  Suppose  the  question  was  reversed,  and  read:  "How  many 
ounces  of  calcium  carbonate  and  of  absolute  hydrochloric  acid  are 
needed  to  make  60  ounces  of  calcium  chloride?" 

Since  this  question  asks  quantities  of  the  two  ingredients,  it  is 
in  reality  two  examples,  and  we  must  solve  each  separately. 

From  the  above  equation  we  learn: 

100  ounces  calcium  carbonate  and  73  ounces  absolute  hydrochloric  acid  make  111 
ounces  calcium  chloride. 

Applying  this  truth  to  the  case  under  consideration,  we  reason — 

If  to  make  111  ounces  CaClj  we  need  100  ounces  CaCOs,  then  to  make  60  ounces 
CaCl2  we  will  need  xt^t  times  100  ounces  CaCOs, 

6000  „  „^ 

or  -j-pr  ounces  CaCOs, 

or     54+  ounces  CaCOs- 
Or  expressed  in  proportion: 

111     :     100     :  :     60     :     X 

^             100     X     60  ,    . .  , 

X      =     ^—j equals  54  +  . 

The  second  part  of  the  example  is  solved  by  similar  reasoning, 
viz.: 

If  to  make  111  ounces  CaClj  we  need  73  ounces  absolute  HCl,  then  to  make  60 
ounces  CaClj  we  need  ^^x  times  73  ounces  HCl,  or  Wt  ounces  HCl,  or  39.46  ounces 
absolute  HCl. 

Or  expressed  in  proportion: 

111     :     100     :  :     73     :     X 

X      =     ^"^  ^^^     ^^    equals  39.46. 

(c)  The  figures  just  given  suggest  a  problem  of  simple  proportion 
which  can  be  best  considered  here. 

It  is  seen  that  the  answer  just  given  is  39.46  ounces  absolute 
(100  per  cent.)  hydrochloric  acid.  Now,  100  per  cent,  hydrochloric 
acid  is  a  gas,  and  what  we  commonly  call  hydrochloric  acid  is  a 
solution  of  this  gas  in  water,  the  hydrochloric  acid  directed  by  the 
pharmacopoeia  being  a  solution  containing  31.9  per  cent,  by  weight 
of  the  gas  (p.  412). 

Now,  suppose  the  above  example  asked:  "How  much  hydrochloric 
acid  U.  S.  P.  is  needed  to  make  60  ounces  calcium  chloride?" 
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We  have  just  seen  that  to  make  60  ounces  CaCla  39.46  ounces 
100  per  cent.  HCl  is  required.  Now,  if  we  use  the  weaker  31.9  per 
cent,  acid,  it  will  require  a  proportionally  greater  quantity,  and  indeed 
Vt"/  X  39.46  ounces,  or  ^||f^  ounces,  or  123.7  ounces  of  31.9  per  cent, 
hydrochloric  acid. 

The  amount  is  reasoned  out  as  follows: 

If  it  takes  39.46  ounces  of  the  100  per  cent.,  then  it  will  take  100  times  as  much 
of  the  1  per  cent.  (39.46  ounces  of  1  per  cent.)  and  ^^j  of  the  last  amount  (exactly 
j\%),  or  m^,  or  123.7  ounces. 

Or  expressed  by  proportion: 

31.9     :     100     :  :     39.46     :     X 

^             100     X     39.46  ,    ,„_ 

X      =     ^T-^ equals  123.7. 

(d)  In  the  same  way  we  can  estimate  the  amounts  of  elements 
combining  to  form  a  compound. 

Suppose  the  question  is:  "How  many  grammes  of  zinc  and  of 
iodine  are  needed  to  make  100  grammes  of  zinc  iodide?" 

The  question  in  this  case  runs  as  follows: 

Zn  +  Ij  =  Znlj 

Atomic  weight  of  zinc,       65         Zn  =  1  X     65  =    65 

Atomic  weight  of  iodine,  126         Ij    =  2  X  126  =  252 

Molecular  weight  of  Znlj  =  317 


Rewriting  the  equation: 


This  means: 


Zn     +     Ij     =     Znia 
65  252  317. 


To  make  317  Gm.  Znlj  we  need  65  Gm.  of  zinc  and  252  Gm.  of  iodine.  Then 
to  make  100  Gm.  Znlj  we  need  ^^  times  65  Gm.  of  zinc  and  ;^xt  times  252  Gm. 
iodine,  or  20.5  Gm.  of  zinc  and  79.4  Gm.  of  iodine. 

Or  by  proportion: 
As  to  zinc,      317     :      65     :  :     100     :     X.     X      =       ^^    ^„    ^^     =     20.5. 


As  to  iodine,  317     :     252     :  :     100     :     X.     X      =     ^^^    ^^    -^^     =     79.4. 


317 

X 

317 


Lastly,  the  knowledge  of  molecular  weights  is  essential  in  quantitative 
analysis,  both  gravimetric  and  volumetric.  This  phase  of  the  question 
will  be  left  until  Chemical  Analysis  is  considered  in  Chapter  LIV. 

The  writing  and  balancing  of  chemical  equations,  such  as  those 
given  above,  will  be  explained  later  (p.  421). 
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CHAPTER  XXIII 

THE  NEGATIVE  ELEMENTS  AND  THEIR  COMPOUNDS 

On  p.  366  we  learned  that  the  elements  were  roughly  divided 
into  the  two  classes,  the  negative  elements  and  the  positive  elements, 
according  to  their  behavior  when  submitted  to  electrolytic  action. 
We  have  also  seen  that  the  hydroxides  of  the  negative  elements  are 
called  acids,  the  hydroxides  of  the  positive  elements  are  called  bases, 
while  the  union  of  the  acids  and  bases  results  in  a  class  of  compounds 
called  salts. 

The  salts,  along  with  the  bases,  will  be  considered  under  the  metal 
they  contain,  and  the  acids  will  be  considered  in  the  next  chapter,  as 
it  is  advisable,  before  proceeding  to  a  consideration  of  the  official 
acids,  to  study  the  negative  elements  from  which  the  important 
acids  are  derived,  as  well  as  those  recognized  by  the  pharmacopoeia. 

The  negative  elements  are  also  called  the  non-metallic  elements, 
or  metalloids.  The  non-metals  rarely  possess  a  metallic  appearance, 
are  usually  poor  conductors  of  electricity,  and  combine  with  hydrogen 
to  form  gaseous  bodies. 

A  list  of  the  negative  elements  of  importance  in  pharmacy  is 
found  on  p.  367,  while  the  following  table  shows  those  recognized 
by  the  pharmacopoeia  either  as  the  free  element  or  in  combination 
other  than  in  acids  or  in  salts.  In  this  list  the  negative  metals,  arsenic 
and  antimony,  are  not  mentioned,  since  their  analytic  behavior  groups 
them  among  the  metals,  and  they  can  there  be  more  profitably  dis- 
cussed. 

Water  \  CH  O") 

Distilled  water  J  ^    *    -*  * 

Solution  of  hydrogen  dioxide  (containing  3  per  cent,  of  H2O2). 
The  Halogens: 

Compound  solution  of  chlorine  (containing  about  0.4  per  cent,  chlorine). 

Chlorinated  lime  (containing  35  per  cent,  available  chlorine). 

Solution  of  chlorinated  soda  (containing  2.4  per  cent,  available  chlorine). 
Bromine  (Br). 
Iodine  (I): 

Tincture  of  iodine  (containing  7  per  cent,  iodine). 

Compound  solution  of  iodine  (containing  5  per  cent,  iodine). 

Ointment  of  iodine  (containing  4  per  cent,  iodine). 
Sublimed  sulphur  (S): 

Washed  sulphur. 

Precipitated  sulphur. 

Sulphur  iodide  (8212)- 

Carbon  disulphide  (CS2). 

Phosphorus  (P). 

Pills  of  phosphorus  (t%  of  1  milligramme  to  a  pill). 

Wood-charcoal       "| 

Animal-charcoal     j-  (Carbon  in  condition  of  greater  or  less  purity). 

Purified  charcoal    J 

Neither  hydrogen  nor  oxygen  is  recognized  by  the  U.  S.  P.,  but 
both  elements  are  worthy  of  notice  at  this  place. 

Hydrogen  is  made  by  treatment  of  zinc  or  other  metals  with 
sulphuric  acid,  and  the  details  of  the  manufacture  will  be  given  later 
(see  p.  519).  It  is  a  colorless,  odorless,  and  tasteless  gas,  and  is 
interesting  as  being  the  lightest  known  substance.     By  reason  of  this 
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fact  it  is  chosen  by  chemists  as  the  standard  of  atomic  weight  and 
of  a  large  number  of  other  chemical  and  physical  measurements. 
Oxygen  can  be  made  by  heating  potassium  chlorate  alone,  or  preferably 
by  heating  a  mixture  of  potassium  chlorate  and  manganese  dioxide, 
the  addition  of  the  latter  substance  being  to  prevent  too  rapid  an 
evolution  of  the  gas.  Oxygen  is  a  colorless,  odorless,  and  tasteless 
gas,  which  is  non-inflammable,  but  one  of  the  best  supporters  of 
combustion.  Its  use  in  medicine  is  becoming  more  extended  day 
by  day,  it  being  used  to  aid  respiration  in  extreme  cases  where  the 
lungs  refuse  to  absorb  ordinary  air.  For  such  emergency  cases  a  good 
quality  of  oxygen  is  absolutely  necessary,  and  it  behooves  the  phar- 
macist to  arrange  to  procure  the  gas  with  little  loss  of  time.  The 
manufacture  of  the  gas  for  such  purposes  by  the  pharmacist  is  rarely 
practicable,  and,  moreover,  scarcely  necessary,  inasmuch  as  the 
various  firms  in  different  portions  of  the  country  will  furnish  an 
excellent  quality  of  oxygen  in  compressed  (liquid)  form  at  a  compara- 
tively low  figure.  Yet  it  may  here  be  stated  that  the  writer  knows 
of  a  pharmacist  in  a  small  city  who  developed  quite  a  business  and 
materially  enhanced  his  reputation  by  furnishing  chemically  pure 
oxygen  in  rubber  bags  for  just  such  emergency  cases.  While  neither 
hydrogen  nor  oxygen  is  recognized  by  the  pharmacopoeia,  two  com- 
pounds of  these  elements  are  official,  water  and  hydrogen  dioxide 
solution. 

AQUA.     Water. 

n^O  =  17.88 

Potable  Water  in  its  purest  obtainable  state. 

A  colorless,  limpid  liquid,  without  odor  or  taste  at  ordinary  temperatures,  and 
odorless  when  heated. 

Water  should  be  perfectly  neutral  to  litmus-paper.  1000  Co.  when  concen- 
trated by  evaporation  to  20  Cc,  should  not  respond  to  the  Time-Limit  Test  for 
heavy  metals  (see  p.  979). 

On  evaporating  1000  Cc.  of  Water  on  a  water-bath,  it  should  not  leave  a  residue 
weighing  more  than  0.5  Gm.  (limit  of  soluble  salts),  and  this  residue,  when  ignited, 
should  not  carbonize,  nor  evolve  ammoniacal  or  acid  vapors. 

If  200  Cc.  of  Water  be  acidulated  with  hydrochloric  acid,  heated  to  boiling,  and 
0.5  Cc.  of  barium  chloride  T.S.  be  added,  the  liquid,  when  cooled  and  JBltered,  should 
give  no  further  precipitate  on  the  addition  of  a  few  drops  of  barium  chloride  T.S., 
even  on  standing  (limit  of  sulphates). 

If  200  Cc.  of  Water  be  acidulated  with  nitric  acid,  heated  to  boiling,  and  0.5 
Cc.  of  tenth-normal  silver  nitrate  V.S.  be  added,  the  liquid,  when  cooled  and  filtered, 
should  not  be  affected  by  the  subsequent  addition  of  a  few  drops  of  silver  nitrate 
T.S.  (limit  of  chlorides). 

If  10  Cc.  of  Water  mixed  with  a  few  drops  of  diphenylamine  T.S.  be  carefully 
poured  upon  about  3  Cc.  of  sulphuric  acid,  free  from  nitrous  compounds,  contained 
m  a  test-tube,  so  as  to  form  a  separate  layer,  no  blue  color  shoula  be  formed  at  the 
line  of  contact  of  the  two  liquids  (limit  oi  nitrates). 

If  to  50  Cc.  of  Water  contained  in  a  glass  cylinder  2  Cc.  each  of  sulphanilic  acid 
T.S.  and  naphthylamine  acetate  T.S.  are  added,  and  the  solution  well  mixed,  no 
distinct  pink  coloration  should  appear  within  five  minutes,  if  the  cylinder  be  placed 
upon  a  white  surface  and  viewed  from  above  (limit  of  nitrites). 

If  to  50  Cc.  of  Water  contained  in  a  glass  cylinder  2  Cc.  of  alkaline  mercuric 
potassium  iodide  T.S.  (Nessler's  Reagent)  be  added  and  thoroughly  mixed,  no 
yellow  or  brownish  tint  should  be  produced  immediately;  the  cylmder  should  be 
placed  upon  a  white  surface  and  viewed  from  above  (limit  of  ammonia). 

On  heating  to  boiling  100  Cc.  of  Water,  acidulated  with  10  Cc.  of  diluted  sul- 
phuric acid,  and  subsequently  adding  0.4  Cc.  of  tenth-normal  potassium  perman- 
ganate V.S.,  the  pink  color  of  the  liquid  should  not  be  completely  destroyed  after 
it  has  been  boiled  for  ten  minutes  (limit  of  organic  or  other  oxidizable  substances). 
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AQUA  DESTILLATA.     Distilled  Water. 

Recipe. — ^Water,  one  thousand  volumes 1000  Vol. 

To  make  eight  hundred  volumes . .     800  Vol. 

Distil  the  Water  from  a  suitable  apparatus  provided  with  a  block-tin  or  glass 
condenser.  Collect  the  first  one  hundred  volumes,  and  reject  this  portion.  Then 
collect  eight  hundred  volumes  and  keep  the  Distilled  Water  in  glass-stoppered  bottles, 
which  have  been  rinsed  with  hot  distilled  water  immediately  before  being  filled. 

A  colorless,  limpid  liquid,  without  odor  or  taste,  and  perfectly  neutral  to  litmus- 
paper. 

Distilled  Water  should  not  respond  to  the  Time-Limit  Test  for  heavy  metals 
(see  p.  979),  nor  should  the  slightest  turbidity  result  upon  the  addition  to  separate 
portions,  of  barium  chloride  T.S.  {sulphates),  silver  nitrate  T.S.  {chlorides),  ammonium 
oxalate  T.S.  {calcium);  nor  should  its  transparency  be  affected  when  mixed  with 
twice  its  volume  of  calcium  hydroxide  T.S.  (absence  of  carbonic  acid). 

It  should  give  no  reaction  for  nitrates,  nitrites,  or  ammonia  when  tested  as 
described  under  Aqua. 

When  1000  Cc.  of  Distilled  Water  are  evaporated  on  a  water-bath  to  dryness, 
not  more  than  0.075  Gm.  of  residue  should  remain. 

On  heating  to  boiling  100  Cc.  of  Distilled  Water,  acidulated  with  10  Cc.  of 
diluted  sulphuric  acid,  and  subsequently  adding  0.1  Cc.  of  tenth-normal  potassium 

Eermanganate  V.S.,  the  color  of  the  liquid  should  not  be  completely  destroyed 
y  boiling  for  ten  minutes,  nor  should  it  wholly  disappear  if  the  vessel  be  afterward 
set  aside  m  a  dark  place,  covered,  for  ten  hours  (absence  of  organic  or  other  oxidizable 
substances) . 

Remarks. — Above  is  reproduced  in  full  the  pharmacopoeial  state- 
ments regarding  water  and  distilled  water.  In  discussing  other 
official  inorganic  chemicals,  to  avoid  repetition,  the  pharmacopoeial 
tests  will  be  condensed  to  a  tabulated  statement  of  tests  for  identity 
of  the  pure  substances  and  of  the  impurities;  details  of  each  test  will 
be  left  for  critical  comparison  in  Part  V. 

The  scheme  of  tabulation  is  not  followed  under  the  two  forms  of 
water,  partly  in  order  to  present  the  complete  pharmacopoeial  test 
for  at  least  two  times,  and  chiefly  because  the  tests  themselves  are 
unusual  either  in  fact  or  in  manipulation. 

Of  the  two  forms  of  water, — aqua  and  aqua  destillata, — the 
former  is  supposed  to  represent  the  potable  water  furnished  by  the 
ordinary  source  of  supply,  and  is,  therefore,  not  so  pure  as  distilled 
water.  The  question  of  the  water-supply  of  cities  is  one  receiving 
much  attention  at  the  present  time,  but  it  is  beyond  the  limits  of 
this  volume  to  enter  into  a  complete  discussion  of  the  subject.  It  is 
assumed  that  the  water  supplied  by  a  municipality  shall  be  potable; 
i.  e.,  not  merely  containing  a  minimum  of  the  inorganic  salts,  but  also 
free  from  the  bacteria  which  enter  it  through  sewage  contamination. 
The  pharmacopoeia  provides  a  test  for  the  limit  of  organic  matter 
in  the  potassium  permanganate  test,  it  directing  that  100  Cc.  when 
mixed  with  10  Cc.  of  diluted  sulphuric  acid  and  brought  to  the 
boiling-point  should  not  discharge  the  color  imparted  to  the  solution 
by  the  addition  of  0.4  Cc.  of  decinormal  potassium  permanganate 
solution,  even  after  boiling  for  ten  minutes.  The  addition  of  the 
quantity  of  the  permanganate  solution  suggested  will  tint  the  water 
a  decided  rose  color.  If  organic  matter  is  present  when  this  solution 
is  boiled,  the  liquid  will  lose  its  rose  tint,  and  at  the  same  time  a 
brown  precipitate  is  formed,  this  change  being  due  to  the  fact  that  the 
potassium  permanganate  loses  its  oxygen  and  is  converted  by  this 
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reaction  into  the  insoluble  manganese  dioxide.  If  the  water  is  free 
from  organic  matter,  no  such  chemical  change  occurs,  hence  the  rose 
tint  will  remain.  This,  however,  is  not  an  absolutely  fair  hygienic 
test,  as  the  presence  of  innocent  organic  substances — say,  even  sugar — 
produces  a  similar  discharge  of  the  rose  tint.  Accordingly,  the 
permanganate  is  of  value  chiefly  from  the  negative  side,  that  is, 
water  which  does  not  discharge  the  permanganate  tint  can  be  con- 
sidered free  from  organic  matter,  but,  on  the  other  hand,  the  dis- 
charging of  the  color  does  not  necessarily  mean  the  presence  of 
pernicious  organic  matter.  Therefore  in  examining  water  the  per- 
manganate test  should  always  be  considered  in  conjunction  with 
three  other  tests  recognized  by  the  pharmacopoeia — the  diphenylamine 
test  for  nitrates,  the  sulphanilic  acid  test  for  nitrites,  and  the  Nessler 
test  for  ammonia.  In  water  analysis  the  last  is  the  most  important 
chemical  test  for  sewage  contamination.  In  the  thorough  application 
of  this  test  the  water  is  distilled  from  an  alkaline  solution  and  then 
from  alkaline  permanganate  solution,  whereby  any  nitrogenous 
matter  present  in  the  water  is  converted  into  ammonia,  which  is 
detected  by  treating  the  distillate  with  a  drop  or  so  of  Nessler's 
reagent.  (See  p.  484.)  This  reagent  will  produce  either  a  yellow 
coloration  or  a  brown  precipitate,  according  to  the  amount  of  ammonia 
present,  and  from  the  extent  of  coloration  has  been  evolved  a  scheme 
for  the  quantitative  estimation  of  the  albuminoid  ammonia  present 
in  the  water.  These  chemical  tests  are  of  value  merely  in  estab- 
lishing the  fact  of  sewage  contamination,  and  it  may  here  be  said  that 
the  simple  fact  of  such  contamination  would  be  of  little  danger  were 
the  sewage  free  from  the  numerous  bacteria  which  cause  disease. 
Of  the  bacteria  causing  mischief  in  potable  water,  the  most  dangerous 
is  that  of  typhoid,  which  can  be  detected  only  by  an  expert  bac- 
teriologist, and  that  only  indirectly,  as  the  identification  of  the  bacilli 
is  so  difficult  that  the  so-called  typhoid  tests  are  usually  based  on  the 
detection  of  the  intestinal  bacilli,  such  as  Bacillus  coli  communis. 
In  closing  the  subject  mention  may  be  made  of  the  fact  that  the  best 
method  of  water  purification  is  by  filtration  through  deep  layers  of 
sand.  (See  p.  132.)  The  pharmacopoeia  specifies  that  aqua  should 
be  potable  water  in  its  purest  obtainable  state,  and  such  water,  after 
having  been  proved  potable,  is  permitted  to  be  used  by  the  pharma- 
cist in  most  of  his  manufacturing.  A  water  may  be  hygienically  pure 
and  yet  contain  salts,  the  presence  of  which,  while  nowise  affecting  the 
potability  of  the  water,  would  seriously  interfere  with  the  use  of  such 
water  in  the  manufacture  of  chemicals.  For  this  reason  the  careful 
pharmacist  usually  prefers  to  use  in  all  prescription  work  distilled 
water,  the  price  of  which  is  now  so  low  that  its  general  use  is  not  an 
extravagance. 

Distilled  water  is  made,  according  to  the  pharmacopoeia,  by  taking 
a  thousand  volumes  of  water,  distilling  it  from  a  suitable  apparatus, 
rejecting  the  first  100  volumes  which  come  over,  then  collecting  the 
subsequent  800  volumes.  It  will  be  seen  by  this  process  that  the 
first  100  and  the  last  100  volumes  of  water  are  thrown  away,  the 
intermediate  portion  being  the  only  part  considered  fit  for  use.  The 
explanation  of  this  procedure  is  found  in  the  fact  that  ordinary  water 
is    usually    impregnated  with    gaseous  substances,  such    as    carbon 
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dioxide  and  possibly  ammonia,  and  that  these  gases  will  pass  over  with 
the  first  100  volumes;  hence  this  portion  is  thrown  away.  The  same 
water_  contains  also  solid  matter,  various  salts,  and  possibly  fixed 
organic  material,  and  this  remains  in  the  still,  and  the  pharmacopceial 
provision  against  complete  evaporation  of  the  water  from  the  residue 
is  to  prevent  charring,  with  the  subsequent  evolution  of  empyreumatic 
matter. 

The  pharmacopceial  tests  for  distilled  water  are  much  more  severe 
than  for  ordinary  water.  For  instance,  while  the  permanganate  test 
applied  to  ordinary  water  is  that  the  tint  should  not  be  discharged 
after  boiling  100  Cc.  of  water  with  0.4  Cc.  of  decinormal  permanganate 
solution  for  ten  minutes,  distilled  water  is  directed  to  be  mixed  with 
0.1  Cc.  decinormal  potassium  permanganate  solution  (one-quarter  the 
quantity),  and  it  is  further  stated  that  this  color  should  not  be  dis- 
charged after  boiling  ten  minutes,  nor  by  afterward 
setting  the  vessel  aside  for  ten  hours.  In  the  storing 
of  distilled  water  more  care  should  be  taken  than 
is  usually  observed.  Tightly  corking  bottles  of  dis- 
tilled water  generally  results  in  the  development, 
in  the  water,  of  microscopic  plants  (confervidse). 
Experience  has  shown  that  if  the  water  is  kept  in 
bottles  which  are  loosely  stoppered  with  a  pledget 
of  cotton,  such  growths  are  not  so  frequent.  At  the 
prescription  counter  a  capital  way  of  handling  the 
water  is  to  place  it  in  a  half-gallon,  wide-mouthed 
bottle  on  the  shelf,  six  or  seven  feet  above  the 
floor.  A  syphon  consisting  of  a  bent  glass  tube 
with  flexible  rubber  tube  at  the  end,  the  rubber 
tube  terminating  with  a  tapering  glass  tube  and 
provided  with  a  pinch-cock,  is  placed  in  the  water, 
the  orifice  of  the  bottle  being  closed  with  cotton. 
When  water  is  desired,  all  that  is  necessary  is  to 
open  the  pinch  cock  and  allow  the  water  to  syphon 
into  the  bottle  or  graduate,  which  can  then  be  held 
the  eye  without  the  necessity  of  raising  the  heavy 


Fig.  215.— Distilled 
water-holder. 


on  a  level  with 

water  receptacle  (Fig.  215) 

AQUA  HYDROGENII  DIOXIDI.     Solution  of  Hydrogen  Dioxide. 

A  slightly  acid,  aqueous  solution  of  Hydrogen  Dioxide  [HjOj  =  33.76],  which 
should  contain,  when  freshly  prepared,  about  3  per  cent.,  by  weight,  of  absolute 
Hydrogen  Dioxide,  corresponding  to  about  10  volumes  of  available  oxygen.  It 
should  be  kept  in  a  cool  place.  Upon  removing  the  stopper  from  the  bottle  not 
more  than  a  slight  pressure  should  be  observed. 

A  colorless  liquid,  without  odor,  slightly  acidulous  to  the  taste,  and  producing 
a  peculiar  sensation  and  soapy  froth  in  the  mouth;  liable  to  deteriorate  upon  keeping 
or  protracted  agitation.  If  the  stopper  in  the  bottle  be  replaced  by  a  pledget  of 
cotton,  deterioration  is  retarded. 

When  exposed  to  the  air  at  the  ordinary  temperature,  or  when  heated  on  a 
water-bath  at  a  temperature  not  exceeding  60°  C.  (140°  F.),  the  solution  loses 
chiefly  water.     When  rapidly  heated,  it  frequently  decomposes  suddenly. 

On  adding  to  10  Cc.  of  water,  in  a  test-tube,  1  drop  of  potassium  chromate 
T.S.,  then  10  drops  of  diluted  sulphuric  acid,  and  pouring  a  few  Cc.  of  ether  on  top, 
the  subsequent  addition  of  a  few  drops  of  Solution  of  Hydrogen  Dioxide,  even  when 
considerably  diluted,  will  cause  a  blue  color  to  appear  at  the  zone  of  contact  of  the 
two  liquids.     After  shaking  the  ether-layer  will  separate  with  a  blue  color. 
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If  to  25  Cc.  of  the  Solution  5  Cc.  of  tenth-normal  potassium  hydroxide  V.S. 
be  added,  and  the  mixture  be  evaporated  to  about  10  Cc,  and  3  drops  of  phenol- 
phthalein  T.S.  added,  not  less  than  2.5  Cc.  of  tenth-normal  sulphuric  acid  V.S. 
should  be  required  to  discharge  the  red  color  of  the  solution  after  continued  boiling 
(limit  of  free  acids). 

If  20  Cc.  of  the  Solution  be  evaporated  to  dryness  upon  a  water-bath,  and  the 
dryine  completed  at  120°  C.  (248°  F.),  not  more  than  0.03  Gm.  of  soUd  residue 
should  remain  (limit  of  total  solids). 

Tests  for  Identity. — See  above. 

Impurities. — Free  acids,  arsenic,  heavy  metals,  hydrofluoric  acid, 
and  barium.  Details  of  testing  of  these  are  given  in  Part  V.  For 
excess  of  solids  and  of  free  acid,  see  above. 

Assay. — Details  in  Part  V. 

Remarks. — Hydrogen  dioxide  was  discovered  by  Thenard  in  the 
year  1818,  and  is  recognized  by  the  pharmacopcsia  in  the  form  of  a 
3  per  cent,  solution  under  the  name  of  Aqua  Hydrogenii  Dioxidi. 

The  formula  H2O2  has  given  rise  to  considerable  discussion  as  to  the  structure 
of  this  body.  At  the  first  glance  it  seems  to  lead  to  the  conclusion  that  either  oxygen 
has  the  valence  i  or  hydrogen  has  the  valence  11.  An  explanation,  however,  cover- 
ing the  usual  valences  of  these  two  elements  is  that  the  body  consists  of  two  hydroxyl 
groups,  viz.,  HO — OH.  This,  however,  is  combatted  by  several  investigators, 
who  claim  that  if  such  a  linkage  were  true,  the  oxygen  would  be  more  tightly  com- 
bined in  this  body  than  it  is  in  water,  while  the  reverse  is  true.  Others  claim  that 
the  graphic  formula  of  hydrogen  dioxide  is 

H\ 

>0  =  O. 

that  is,  it  exhibits  one  atom  of  tetravalent  oxygen;  while  still  others  think  it  repre- 
sents water  with  an  extra  atom  of  oxygen  very  loosely  attached  thereto.  In  this 
connection  it  may  be  stated  that  practically  all  bodies,  the  formulas  of  which  are 
not  in  harmony  with  the  accepted  ideas  of  valence,  are  usually  of  unstable  character, 
and  no  better  example  of  this  need  be  given  than  the  unstable  hydrogen  dioxide. 

The  official  solution  of  hydrogen  dioxide  is  prepared  by  treating 
barium  dioxide  with  phosphoric  acid.  The  usual  method  of  manu- 
facturing, however,  is  by  substituting  for  the  phosphoric  acid  the 
cheaper  sulphuric  acid.  The  equation  of  manufacture  from  sulphuric 
acid  is  as  follows: 

BaOa     +     HjSOi     =     H2O2     +     BaSOi. 

From  this  will  be  seen  that  the  barium  dioxide  is  converted  into  the 
insoluble  barium  sulphate,  from  which  the  solution  of  hydrogen 
dioxide  can  be  removed  by  simple  filtration. 

The  pharmacopoeia  provides  an  assay  of  hydrogen  dioxide,  based 
on  the  quantity  of  potassium  permanganate  solution  required  to 
oxidize  the  same. 

The  official  solution  is  a  clear,  colorless  liquid,  having  a  slightly 
acidulous  taste,  producing  a  peculiar  sensation  and  a  soapy  froth  in 
the  mouth.  This  peculiar  sensation  is  due  to  its  oxidizing  action  on 
the  mucous  membrane  and  its  excretions.  Its  chemical  and  medical 
action  is  based  entirely  on  the  amount  of  oxygen  that  it  gives  up 
under  such  conditions,  and  it  may  be  here  said  that  the  solution, 
giving  ofif  its  oxygen  on  standing,  deteriorates  rapidly.     Not  only 
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this,  but  the  evolution  of  oxygen  in  tightly  closed  bottles  is  sometimes 
so  considerable  as  to  cause  an  explosion.  Hence  it  is  advisable  to 
avoid  an  overtight  stopping  of  the  bottle,  unless  the  latter  is  very 
stout.  Manufacturers  preserve  hydrogen  dioxide  solution  by  the 
addition  of  a  small  amount  of  acetanilid.  Hydrogen  dioxide  is  used 
in  medicine  as  an  antiseptic,  and  in  the  arts  as  an  oxidizer.  An 
illustration  of  the  latter  application  is  the  custom,  formerly  in  vogue, 
of  bleaching  dark  hair  a  golden  tint  by  the  application  of  hydrogen 
dioxide.  The  disastrous  effects  of  the  continued  treatment  of  this 
kind  are  now  so  well  known  that  it  is  used  less  than  it  formerly  was 
for  this  purpose. 

Dose. — 4  Cc.  (1  fluidrachm). 

THE  HALOGENS 

By  the  halogens  we  mean  the  four  elements,  chlorine,  bromine, 
iodine,  and  fluorine.  The  word  halogen  is  derived  from  two  Greek 
words,  als,  which  means  a  salt,  and  eidos,  which  means  a  likeness, 
the  phrase  being  coined  to  illustrate  the  similarity  of  the  compounds 
of  these  elements  to  salt,  sodium  chloride,  which  is  taken  as  the  type 
of  haloid  salts. 

CHLORINE 

Symbol,  CI.     Atomic  weight,  approximately  35.5 

This  element  derives  its  name  from  the  Greek  word  chloros,  which 
means  green,  because  of  the  greenish-yellow  tint  of  the  gas  itself. 
Chlorine  was  isolated  by  Scheele  in  1774,  who  obtained  it  from  hydro- 
chloric acid  by  treatment  similar  to  that  now  in  vogue  in  its  manu- 
facture. By  reason  of  its  origin  Scheele  called  the  new  substance 
dephlogisticated  muriatic  acid,  because  he  concluded  it  represented 
hydrochloric  acid  which  had  been  freed  from  phlogiston,  that  hypo- 
thetic element  which  played  so  important  a  part  in  the  chemical 
philosophy  of  the  eighteenth  century.  Scheele  considered  the  sub- 
stance a  compound,  and  it  was  not  until  1810  that  Sir  Humphrey 
Davy  proved  it  was  an  element,  and  by  him  it  was  named  chlorine. 

Chlorine  is  manufactured  for  pharmaceutic  purposes  by  treatment 
of  hydrochloric  acid  with  magnesium  dioxide,  in  which  case  the 
reaction  is  as  follows: 

4HC1  +  Mn02  =  2H2O  +  MnClj  +  CI2. 

In  practice,  for  the  hydrochloric  acid  a  mixture  of  common  salt 
and  sulphuric  acid  is  usually  substituted,  the  chemical  action  being 
by  either  of  the  following  equations,  according  to  relative  proportion 
of  chemicals  used: 

(a)  2NaCl  +  2H2SO4  +  MnOa  =  Na2S04  +  MnSO^  +  2H2O  +CI2. 
(6)  2NaCl  +  3H2SO4  +  MnOa  =  2NaHS04  +  MnSO^  +  2H2O  +  CI2. 

This  process  has  the  advantage  over  the  first  process  in  avoiding 
loss  of  hydrochloric  acid,  for  it  will  be  noticed  that  when  hydro- 
chloric acid  is  used,  half  of  it  goes  to  make  manganese  chloride,  while 
in  the  second  process  the  metals  combine  with  the  less  expensive 
sulphuric  acid. 


THE   NEGATIVE   ELEMENTS   AND   THEIR   COMPOUNDS  389 

An  economic  modification  of  the  first  process  is  found  in  Weldon's 
regenerative  process,  which  consists  in  treating  the  manganese  chloride 
with  lime  in  the  presence  of  air,  the  reaction  being  as  follows: 

MnCU  +  2CaO  +  O  =  CaClz  +  CaMnOs- 

From  the  calcium  chloride  thus  produced  hydrochloric  acid  can  be 
obtained,  and  from  this  the  chlorine  can  be  easily  isolated,  while 
from  the  calcium  manganate,   manganese  dioxide  is  produced. 

Chlorine  is  used  so  largely  in  the  arts  that  the  isolation  of  the 
element  is  one  of  the  great  industries  especially  in  England.  As  in 
the  case  of  such  industries,  persistent  efforts  are  made  to  obtain  more 
satisfactory  and  cheaper  processes  of  manufacture.  The  Weldon 
regenerative  process,  above  cited,  was  an  illustration  of  the  ingenuity 
used  in  attempting  to  cheapen  the  production  of  this  staple;  and 
investigators  turned  their  efforts  to  the  obtaining  chlorine  without  the 
use  of  the  comparatively  expensive  manganese  salt.  One  chemical 
process  of  this  character,  which  has  the  advantage  of  being  practically 
continuous,  is  the  Deacon  process.  In  this  process  bricks  or  other 
porous  pieces  of  earthenware  are  impregnated  with  a  saturated  solu- 
tion of  the  sulphates  of  copper  and  sodium;  after  heating  to  redness 
in  a  furnace  the  vapors  of  hydrochloric  acid  are  passed  over  them. 
The  following  reaction  ensues: 

(a)  CuSOi  +  2HC1  =  CuCI,  +  HjSO^. 

The  sulphuric  acid  of  the  above  reaction  is  condensed,  and  is  thus 
saved.  The  bricks,  now  impregnated  with  copper  chloride,  are  then 
heated  in  a  current  of  air,  the  reaction  being  as  follows: 

(5)  CuClj  +  O  =  CuO  +  CI2. 

The  chlorine  vapors  are  then  passed  into  the  desired  condensing 
agent,  be  it  water  or  lime,  while  copper  oxide  remains  in  the  brick. 
The  bricks  are  then  heated  in  a  current  of  hydrochloric  acid,  the 
reaction  being: 

(c)  CuO  +  2HC1  =  CUCI2  +  H2O, 

and  the  water  is  allowed  to  escape  as  steam.  It  will  be  seen  that  the 
bricks  are  impreganted  once  more  with  copper  chloride,  and  from 
that  time  on  they  are  treated  with  successive  applications  of  air  and 
hydrochloric  acid  vapor  by  the  reactions  b  and  c.  Thus  a  compara- 
tively small  quantity  of  copper  salt  will  be  made  to  convert  tons  of 
hydrochloric   acid   into   chlorine. 

Of  late  chlorine  has  been  produced  by  electrolytic  methods,  the 
Castner  process  consisting  of  passing  electricity  through  a  solution 
of  sodium  chloride,  the  negative  pole  being  in  a  separate  compart- 
ment, access  to  which  is  through  a  layer  of  mercury.  In  this  way  the 
salt  is  decomposed  into  chlorine  and  sodium  hydroxide,  whereas  when 
the  negative  pole  is  in  the  same  compartment  as  the  positive,  chlor- 
inated soda  is  produced. 

A  method  of  obtaining  chlorine  at  the  prescription  counter  is  by 
the  treatment  of  potassium  chlorate  with  hydrochloric  acid.  This 
process  is  less  used  for  the  isolation  of  chlorine  than  for  the  extern- 
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poraneous  manufacture  of  a  preparation  similar  to  chlorine  water, 
and  it  constitutes  the  official  recipe  for  compound  solution  of  chlorine 
U.  S.  P.,  and  this  has  become  a  popular  prescription  in  several  sections 
of  the  country,  the  physician  prescribing,  instead  of  chlorine  water, 
a  solution  of  potassium  chlorate  containing  hydrochloric  acid. 
According  to  the  method  in  which  this  prescription  is  compounded 
two  very  different  results  are  obtained.  If  the  potassium  chlorate 
is  dissolved  in  water  and  the  hydrochloric  acid  added  to  the  diluted 
solution,  we  obtain  merely  an  acid  solution  of  potassium  chlorate. 
On  the  other  hand,  if  the  powdered  potassium  chlorate  is  placed  in  a 
bottle,  the  prescribed  quantity  of  hydrochloric  acid  added,  and  the 
bottle  allowed  to  stand  corked  a  minute  or  two,  the  yellow  fumes  of 
chlorine  are  evolved,  and  on  filling  the  bottle  with  water  a  variety  of 
chlorine  water  is  obtained.  In  receiving  such  a  prescription  the 
careful  pharmacist  is  frequently  in  a  quandary  as  to  which  method  he 
shall  pursue.  In  the  writer's  experience,  several  physicians  objected 
to  the  chlorine  water.  Therefore  the  only  advice  that  can  be  given  is 
to  call  the  attention  of  the  prescriber  to  the  two  possibilities,  and  ask 
which  result  is  desired.  It  is  usual,  however,  that  the  method  in 
which  the  chlorine  is  easily  evolved  is  the  desired  method  of  com- 
pounding the  prescription. 

The  Medical  Use  of  Chlorine. — This  represents  but  a  small  tithe  of 
its  commercial  value,  it  being  safe  to  say  that  tons  of  chlorine  are 
used  for  bleaching  and  manufacturing  purposes,  where  pounds  of 
chlorine  are  used  in  the  healing  art.  In  medicine  the  use  of  chlorine 
is  chiefly  as  a  disinfectant. 

Disinfect  P"ts  are  those  bodies  which  destroy  offensive  organic 
matter — material  which  by  decomposition  breed  disease.  Most 
disinfectants  are  oxidizing  agents,  but  chlorine  is  particularly  inter- 
esting because  it  in  itself  is  not  a  complete  oxidizing  agent.  To  be  an 
oxidizing  agent  a  body  should  contain  oxygen  which  it  can  give  up. 
Oxygen,  of  course,  is  not  found  in  chlorine,  but  this  energetic  element 
performs  the  function  by  borrowing  oxygen  of  its  neighbor  in  this 
manner: 

2C1  +  H2O  =  2HC1  +  O. 

In  other  words,  chlorine  acts  as  an  oxidizing  agent  only  in  the  presence 
of  water. 

The  above  statement  also  explains  the  bleaching  action  of  chlorine. 
The  use  of  chlorine  as  a  bleach  was  discovered  by  Berthollet  in  the 
year  1788,  and  the  process  proved  so  much  more  satisfactory  for  the 
finishing  of  textile  fabrics  than  sun-bleaching,  then  in  vogue,  that 
its  use  soon  became  extended.  At  first  the  various  cloth  factories 
produced  their  own  chlorine  used  in  bleaching,  but  since  the  manu- 
facture of  chlorine  was  a  matter  so  different  from  that  of  the  manu- 
facture of  cloth,  it  soon  fell  into  the  hands  of  experts.  The  transpor- 
tation of  the  chlorine  to  the  cloth  manufacturers  soon  became  a  serious 
matter.  In  those  days  the  compression  of  gases  had  not  reached  the 
stage  of  perfection  that  now  obtains,  and  at  first  the  only  practical 
method  of  dispensing  was  in  the  form  of  an  aqueous  solution,  and 
the  transportation  of  the  large  quantity  of  the  water  necessary  to 
hold  the  small  quantity  of  chlorine  rendered  this  plan  practically 
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prohibitive.  The  problem  of  a  practical  method  of  transportation 
of  chlorine  was  found  by  Tennant,  in  the  year  1799,  in  his  discovery 
of  chlorinated  lime,  it  being  found  that  freshly  burnt  lime  was  capable 
of  absorbing  as  much  as  35  to  40  per  cent,  of  its  weight  of  chlorine. 
From  that  time  on  the  cloth  manufacturers  made  use  of  this  bleaching 
powder,  and  the  manufacture  of  this  chemical  is  now  one  of  the  most 
important  industries  in  England.  Chlorine  is  found  in  a  loosely 
combined  form  in  three  preparations  in  the  pharmacopoeia — compound 
solution  of  chlorine,  chlorinated  lime,  and  solution  of  chlorinated  soda. 

LIQUOR  CHLORI  COMPOSITUS.      Compound  Solution  of  Chlorine. 

[To  replace  Aqua  Chlori,  Pharm.  1890] 

An  aqueous  solution,  containing,  when  freshly  prepared,  about  0.4  per  cent,  of 
Chlorine  [CI  =  35.18],  with  some  oxides  of  chlorine  and  potassium  chloride. 

Recipe. — Potassitun  Chlorate,  granulated,  five  grammes. ...         5  Gm. 

Hydrochloric  Acid,  eighteen  cubic  centimeters 18  Co. 

Distilled  Water,  a  sufficient  quantity,  

To  vaake  abont  one  thov^and  cubic  centimeters .  .   1000  Co. 

Add  the  Hydrochloric  Acid,  diluted  with  twenty  cubic  centimeters  of  Distilled 
Water,  to  the  Potassium  Chlorate  contained  in  a  flask  of  the  capacity  of  about 
tvx)  thousand  cubic  centimeters.  Insert  in  the  flask  a  stopper  perforated  to  admit  a 
funnel  of  the  capacity  of  about  one  hundred  cubic  centimeters  containing  about  ten 
grammes  of  purified  cotton  well  wetted  with  cold  water;  place  the  flask  on  a  water- 
bath  containing  boiling  water  for  a  period  of  from  two  to  three  minutes;  when  the 
flask  is  completely  filled  with  a  greenish-yellow  gas,  remove  it  from  the  bath  and  add 
cold  Distilled  Water  through  the  cotton  in  the  funnel,  in  two  separate  portions  of 
five  hundred  cubic  centimeters  each.  After  the  addition  of  each  separate  portion  of 
cold  Distilled  Water,  stopper  the  flask  securely,  invert,  and  thoroughly  agitate  the 
contents. 

This  solution  should  be  freshly  made  when  wanted. 

Remarks. — This  new  official  replaces  chlorine  water  of  the  pharma- 
copoeia of  1890,  and,  like  it,  contains  about  0.4  per  cent,  chlorine  gas. 
While  the  formerly  official  chlorine  water  was  made  by  passing  chlorine 
gas  into  water,  the  present  official  is  made  by  treating  potassium 
chlorate  with  hydrochloric  acid,  and  therefore  contains  oxides  of 
chlorine  and  potassium  chloride. 

Dose. — 4  Cc.  (1  fluidrachm). 

CALX  CHLORINATA.     Chlorinated  Lime. 

CHLORINATED  CALCIUM  OXIDE. 
[Calx  Chlorata,  Pharm.  1890] 

A  compound  resulting  from  the  action  of  chlorine  upon  calcium  hydroxide, 
and  containing  not  less  than  30  per  cent,  of  available  chlorine.  It  is  often  improperly 
called  "Chloride  of  Lime."  It  should  be  kept  in  well-closed  vessels,  in  a  cool  and 
dry  place. 

A  white,  or  grajrish-white,  granular  powder,  exhaling  the  odor  of  hypochlorous 
acid,  having  a  repulsive,  saline  taste,  and  oecoming  moist  and  gradually  ciecomposing 
on  exposure  to  air. 

In  water  or  in  alcohol  it  is  only  partially  soluble. 

Test  for  Identity. — Chlorine,    given    above.     Calcium    ammonium 
oxalate  gives  white  precipitate.     See  Part  V. 
Assay. — See  Part  V. 
Remarks. — Chlorinated   lime  is  defined  as  a  compound  resulting 
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from  the  action  of  chlorine  upon  calcium  hydroxide,  and  containing 
not  less  than  30  per  cent,  of  available  chlorine.  The  requirement  of 
the  pharmacopoeia  of  1890  (35  per  cent,  of  available  chlorine)  was 
unduly  high,  experience  showing  that  practically  no  chlorinated  lime 
of  strength  greater  than  30  per  cent,  can  be  found  in  the  market; 
hence  at  the  last  revision  the  requirement  was  cut  to  30  per  cent. 
As  mentioned  above,  chlorinated  lime  is  made  by  the  passage  of 
chlorine  gas  over  unslaked  lime,  the  process  being  carried  on,  on  a 
large  scale,  by  passing  the  gas  into  specially  constructed  chambers 
in  which  the  lime  is  arranged  in  different  layers  on  special  racks. 

Chlorinated  lime  should  not  be  called  "chloride  of  lime,"  for  it 
is  not  chloride  of  lime;  that  (or,  more  correctly,  calcium  chloride) 
having  the  formula  CaCla.  Some  authorities  give  the  formula  of 
chlorinated  lime  as  CaOClz,  which  gives  the  idea  of  a  definite  chemical 
compound,  which  the  body  is  not.  It  is  a  loose  indefinite  mixture  of 
calcium  chloride,  CaClj,  and  calcium  hypochlorite. 

What  is  calcium  hypochlorite?  The  calcium  salt  of  hypochlorous 
acid,  which  comes  from  hypochlorous  oxide. 

And  what  is  hypochlorous  oxide?  That  oxide  of  chlorine  in  which 
the  element  shows  its  lowest  valence. 

And  what  is  the  valence  of  chlorine? 

The  valence  of  chlorine  is  i,  in,  v,  and  vii. 

In  hypochlorous  oxide  chlorine  has  the  valence  i,  hence  the 
formula  of  the  oxide  (oxygen  having  valence  ii)  is  Cl-O-Cl  or  CLjO. 
Hypochlorous  acid  is  made  by  adding  water  to  the  oxide — CI2O  + 
H20=H2Cl202=2HC10.  Calcium  has  the  valence  11 — one  atom 
replaces  two  hydrogen  atoms  of  an  acid.  Since  hypochlorous  acid, 
HCIO,  has  but  one  hydrogen  atom  and  two  are  needed,  we  double  the 
formula,  making  it,  as  above,  H2CI2O2,  and  replacing  the  two  hydrogen 
atoms  by  one  calcium  atom  we  get  CaCl202,  or,  as  it  is  usually  written, 
Ca(0Cl2).     This  is  the  formula  of  calcium  hypochlorite. 

Chlorinated  lime  is  a  mixture  of  calcium  chloride  (CaCy  and 
calcium  hypochlorite  (Ca02Cl2).     Let  us  add  these — 

Calcium  chloride Ca      Clj 

Calcium  hypochlorite Ca  O2CI2 

The  sum  is Ca202Cl4,  or  2CaOCl2,  for  which 

the  graphic  formula  Cax  ^^     has  been  assigned. 

There  are  few  chemicals  regarding  whose  composition  there  has 
been  more  discussion  and  less  resultant  knowledge.  Besides  the  two 
formulas  just  given,  there  have  been  a  number  of  other  suggestions 
as  to  its  composition. 

Thus,  in  order  to  explain  why  a  large  residue  of  calcium  hydroxide 
is  left  when  the  chemical  is  extracted  with  water  (for  a  mixture  of 
calcium  chloride  and  clacium  hypochlorite  would  be  completely 
soluble),  it  has  been  claimed  that  chlorinated  lime  is  a  mixture  of 

calcium  chloride  with  a  body  CaC^^pi.     This  body  is  supposed  to 

dissociate  when  treated  with  water  as  follows: 

2Ca<g^     =     Ca(0Cl)2     +     Ca(OH),. 
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Is  it  not  possible  that  chlorinated  lime  is  a  solution  or  physical 
combination  of  chlorine  gas  in  calcium  hydroxide  plus  more  or  less 
calcium  chloride? 

This  would  explain  how  calcium  hydroxide  remains  when  water  is 
added;  this  would  also  explain  why  chlorinated  lime  constantly  loses 
chlorine  on  standing. 

Dose. — 250  milligrammes  (4  grains). 

LIQUOR  SOD^   CHLORINATE.     Solution  of  Chlorinated  Soda. 

[Liquor  Sod^  Chlorate,  Pharm.  1890] 

An  aqueous  solution  of  several  chlorine  compounds  of  sodium,  containing  at  least 
2.4  per  cent.,  by  weight,  of  available  chlorine. 

A  clear,  pale  greenish  liquid,  having  a  faint  odor  of  chlorine,  and  a  disagree- 
able, alkaline  taste. 

Specific  gravity:  about  1.050  at  25°  C.  (77°  F.). 

The  Solution  at  first  colors  red  litmus-paper  blue,  and  then  bleaches  it. 

The  addition  of  hydrochloric  acid  to  the  Solution  causes  an  evolution  of 
chlorine  and  carbon  dioxide. 

Recipe. — For  full  details  of  manufacture,  see  Part  VII. 

Assay. — See  Part  V. 

Remarks. — Solution  of  chlorinated  soda  is  directed  by  the  pharma- 
copoeia to  contain  2.4  per  cent,  of  chlorine.  The  recipe  of  the  pharma- 
copoeia of  1890  was  an  impossible  one,  that  standard  demanding  the 
manufacture  of  the  solution  from  chlorinated  lime,  the  three  stages 
of  the  process  involving  two  filtrations  and  one  warming,  with  a  loss 
of  but  T^Mz  of  the  original  chlorine. 

The  process  of  the  present  pharmacopoeia  is  an  improvement, 
inasmuch  as  the  chlorine  strength  has  been  reduced  from  2.6  per  cent, 
available  chlorine  to  2.4  per  cent. 

Solution  of  chlorinated  soda  is  called  Labarraque's  solution,  after 
the  French  chemist  who  devised  the  original  formula.  Javelle  water, 
or  solution  of  chlorinated  potassa,  was  the  original  preparation,  but 
experience  showed  Labarraque's  solution  to  be  the  more  satisfactory 
preparation,  hence  Javelle  water  has  fallen  into  disuse.  Note  that 
these  two  preparations  are  called  solutions  of  chlorinated  soda  and 
potassa,  with  the  express  intention  of  emphasizing  the  uncertainty 
of  the  chemical  character,  and  it  may  be  here  stated  that  these  two 
preparations,  as  well  as  the  chlorinated  lime  above  mentioned,  are 
now  considered  as  irregular  solutions  of  chlorine  in  the  alkalies  rather 
than  as  definite  chemicals. 

Dose.^l  Cc.  (15  minims). 

BROMUM.     Bromine. 

Br  =  79.36 

It  should  contain  not  less  than  97  per  cent,  of  pure  Bromine,  and  be  kept  in 
protected,  glass-stoppered  bottles,  in  a  cool  place. 

A  heavy,  dark  brownish-red,  mobile  liquid,  evolving",  even  at  ordinary  tem- 
peratures, reddish  fumes,  highly  irritating  to  the  eyes  and  lungs,  and  having  a 
peculiar  suffocating  odor,  resembling  that  of  chlorine. 

Specific  gravity:  2.990  to  3.000  at  15°  C.  (59°  F.).  Boiling-point,  63°  C. 
(145.4°  F.). 

Soluble  in  28  parts  of  water  at  25°  C.  (77°  F.),  and  readily  soluble  in  alcohol 
or  ether  (with  gradual  decomposition  of  these  liquids);  also  in  carbon  disulphide 
and  in  chloroform,  with  a  deep  reddish-yellow  color. 
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On  exposure  to  air  or  heat  it  is  completely  volatilized  without  leaving  any 
residue. 

It  destroys  the  color  of  solutions  of  litmus  and  indigo,  and  imparts  a  yellow 
color  to  solution  of  starch. 

If  Bromine  be  added  to  an  excess  of  potassium  hydroxide  T.S.,  it  should  com- 
bine to  form  a  permanently  clear  liquid,  without  the  separation  of  oily  drops  (ab- 
sence of  organic  bromine  compounds). 

If  an  aqueous  solution  of  Bromine  be  shaken  with  a  slight  excess  of  reduced  iron 
until  it  becomes  nearly  colorless,  the  filtered  liquid,  on  the  addition  of  a  small  amount 
of  ferric  chloride  and  of  starch  T.S.,  should  not  assume  a  blue  color  (absence  of  iodine). 

Remarks. — Bromine  was  isolated  by  Balard  in  1826  from  water  of 
the  Mediterranean.  On  account  of  the  very  irritating  odor  it  possesses, 
the  discoverer  named  it  after  the  Greek  word  bromos,  which  means  a 
stench.  Bromine  is  made  from  the  bromides  by  a  process  analogous 
to  that  for  the  isolation  of  chlorine — i.  e.,  by  treatment  of  the  bromide 
with  sulphuric  acid  and  manganese  dioxide — a  sufficient  quantity  of 
acid  is  added  so  that  at  the  end  of  the  reaction  the  manganese  will  be 
of  the  form  of  a  sulphate,  thus  insuring  complete  isolation  of  the 
bromine.  As  the  source  of  bromine  a  native  brine  called  bittern  is 
generally  used.  This  bittern  is  found  in  various  sections  of  the  world, 
one  of  the  chief  sources  of  supply  being  salt  wells,  found  in  the  south- 
west of  West  Virginia  and  in  the  adjacent  territory  of  southeast  Ohio 
and  western  Pennsylvania.  This  bittern  contains  sulphates,  bro- 
mides, and  chlorides  of  the  alkalies,  chiefly  of  magnesium,  and  a  crude 
concentration  of  the  brine  causes  the  crystallization  of  the  less  soluble 
sulphates  and  chlorides,  leaving  a  mother  liquid  consisting  chiefly  of 
magnesium  bromide.  From  this  mother  liquid  bromine  is  obtained 
by  the  following  reaction: 

MgBrj     +     MnOa     +     2H2SO4     =     MgSOi     +     MnSO^     +     2H2O     +     Br^. 

In  addition  to  the  explanation  of  the  reaction  given  above  it  need  only 
be  added  that  the  bromine,  on  distilling  from  the  reacting  mixture, 
is  condensed  in  earthenware  worms,  and  enters  the  market  after 
purification  by  redistillation.  Bromine  is  a  very  heavy  brown  liquid, 
specific  gravity  3.000,  having  a  disagreeable  and  irritating  odor. 
The  corrosive  action  of  its  vapor  renders  it  necessary  to  use  care  in 
handling,  as  it  is  apt  to  cause  injury  to  the  mucous  membrane  of  the 
nose  and  throat  and  also  to  the  delicate  tissue  of  the  eye.  The  liquid, 
bromine,  is  decidedly  caustic,  hence  the  operator  must  be  careful  to 
avoid  dropping  same  on  his  hands  or  face.  Bromine  is  used  in  medi- 
cine in  a  free  state  for  practically  but  one  preparation,  the  Bibron 
antidote  for  rattle-snake  poison,  and  its  use  in  this  way  is  rather  limited. 
It  is,  of  course,  largely  used  in  the  preparation  of  the  very  popular 
bromides.  On  treating  a  solution  of  soda  with  bromine  we  obtain 
solution  of  sodium  hypobromite,  which  is  analogous  to  the  Labar- 
raque's  solution  just  described,  and  is  used  instead  of  Labarraque's 
solution  in  determination  of  urea. 

lODUM.     Iodine. 
I  =  125.90 

It  should  contain  not  less  than  99  per  cent,  of  pure  Iodine,  and  be  kept  in  glass- 
stoppered  bottles,  in  a  cool  place. 

Heavy,  bluish-black,  dry  and  friable,  rhombic  plates,  having  a  metallic  lustre, 
a  distinctive  odor,  and  a  sharp  acrid  taste. 
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Specific  gravity:  4.948  at  17°  C.  (62.6°  F.). 

Iodine  imparts  a  deep  brown,  evanescent  stain  to  the  skin,  and  slowly  destroys 
vegetable  colors. 

Soluble  in  about  5000  parts  of  water,  and  in  10  parts  of  alcohol  at  25°  C.  (77°  F.); 
freely  soluble  in  ether,  chloroform,  or  carbon  disulphide;  its  solution  in  alcohol 
or  in  an  aqueous  solution  of  potassium  iodide  has  a  reddish  color;  its  solution  in 
chloroform  or  carbon  disulphide  has  a  violet  color. 

It  volatilizes  slowly  at  ordinary  temperatures.  When  heated  to  about  114°  C. 
(237.2°  F.)  it  fuses,  and  is  gradually  dissipated  in  the  form  of  a  purple  vapor,  leaving 
no  residue. 

With  starch  T.S.  a  dark  blue  color  is  produced. 

A  solution  of  iodine  in  chloroform  should  be  perfectly  clear  and  limpid  (absence 
of  moisture). 

To  determine  the  presence  of  cyanogen,  chlorine,  or  bromine,  proceed  as  fol- 
lows: 

Triturate  0.5  Gm..  of  finely  powdered  Iodine  with  20  Cc.  of  water,  and  filter 
the  solution.  To  one-half  of  this  solution,  in  a  test-tube,  carefully  add  tenth- 
normal sodium  thiosulphate  V.S.,  until  the  solution  is  just  decolorized.  Then  add 
a  few  drops  of  ferrous  sulphate  T.S.,  and  subsequently  a  little  sodium  hydroxide 
T.S.,  and  heat  the  mixture  gently.  On  now  adding  a  slight  excess  of  hydrochloric 
acid,  the  liquid  should  not  assume  a  blue  color  (absence  of  iodine  cyanide). 

To  the  other  half  of  the  aqueous  filtrate,  in  a  test-tube,  add  a  slight  excess  of 
silver  nitrate  T.S.,  shake  the  liquid  actively,  allow  the  precipitate  to  subside,  and, 
having  poured  off  the  clear  supernatant  liquid  completely,  shake  the  precipitate 
with  a  mixture  of  1  Cc.  of  ammonia  water  and  9  Cc.  of  water,  and  filter.  Upon  the 
addition  of  a  slight  excess  of  nitric  acid  to  the  filtrate,  not  more  than  a  slight  opales- 
cence should  make  its  appearance  (limit  of  chlorine  or  bromine). 

Test  for  Impurities. — Impurities  just  given  above. 

Assay. — Given  in  Part  V. 

Remarks. — This  element  was  discovered  by  Courtois  in  the  year 
1811,  and  the  discovery  was  announced  by  Clement  before  the  National 
institute  November  29,  1813.  It  was  named  by  Gay  Lussac  (1813) 
after  the  Greek  word  iodos,  meaning  violet,  on  account  of  the  violet 
tint  of  its  vapor.  Iodine  was  formerly  obtained  entirely  from  the 
ashes  of  marine  plants.  In  some  sections  of  the  world,  notably  the 
North  of  Ireland  and  on  the  Scotch  coast,  these  weeds  were  collected 
in  considerable  quantities,  and  after  being  dried,  were  burned,  the 
ashes  being  called  "kelp"  in  Ireland,  and  "varec"  in  Normandy. 
These  ashes  contain  iodides,  and  by  treatment  with  manganese 
dioxide  and  sulphuric  acid  they  yield  iodine  by  either  of  the  following 
reactions: 

(o)  2KI  +  MnOj  +  2HjS04  =  KjSO*      +  MnS04.  +  2H2O  +  I,. 
ib)  2KI  +  MnOj  +  SH^SO*  =  2KHSO4  +  MnSO*  +  2H2O  +  I,. 

In  both  these  cases  the  iodine  is  separated  by  sublimation. 

In  other  sections  other  methods  of  isolation  are  employed,  such 
as  treatment  of  the  ashes  with  chlorine,  nitrous  acid,  ferrous  and 
copper  sulphates.  Moreover,  processes  are  now  in  vogue  in  which 
an  infusion  of  the  sea-weed  is  used  instead  of  the  ashes,  these  later 
and  more  economic  processes  being  devised  in  order  that  the  European 
product  might  compete  with  the  great  modern  source  of  iodine,  the 
nitre  beds  of  Peru. 

The  Peruvian  nitre  consists  chiefly  of  sodium  nitrate  (the  so- 
called  Chile  saltpeter).  This  is  obtained  from  the  ore  by  lixiyiation, 
and  the  saline  solution  is  concentrated  to  the  point  at  which  the 
sodium  nitrate  will  crystallize. 
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The  mother  liquor  from  this  crystallization  contains  sodium  iodate, 
which  is  obtained  by  evaporating  the  liquid  to  dryness.  Iodine  is 
isolated  from  this  impure  iodate,  NalOg,  by  treatment  with  chlorine 
(after  conversion  of  the  iodate  into  iodide  by  use  of  sulphur  dioxide), 
or  with  nitrous  acid  or  with  a  mixture  of  copper  and  ferrous  sulphates 
and  liberation  of  iodine  from  the  cuprous  iodide  thus  produced  by 
treatment  with  manganese  dioxide  and  sulphuric  acid. 

In  all  these  South  American  processes  except  the  last  the  crude 
iodine  is  separated  from  the  other  products  by  filtration.  It  is  then 
purified  by  sublimation.  Iodine  is  a  blue-black,  metallic-appearing 
solid,  insoluble  in  water,  but  soluble  in  a  solution  of  potassium  iodide, 
in  alcohol,  in  ether  and  chloroform,  the  solution  in  the  last  two  solvents 
being  a  pink  to  purple  tint.  It  is  quite  volatile,  hence  it  must  be 
preserved  in  well-closed  bottles,  and  by  reason  of  its  volatility  it  is 
usually  purified  by  sublimation,  hence  the  trade  name  of  the  best 
quality  of  iodine  is  resublimed  iodine. 

The  test  for  iodine  is  the  fact  that  it  turns  mucilage  of  starch  an 
intense  blue-black  color.  When  this  test  is  applied  for  the  detection 
of  iodides  it  is  necessary  to  liberate  the  iodine  by  treatment  with  some 
substance  containing  free  chlorine.  The  iodides  form  a  characteristic 
yellow  precipitate  of  silver  iodide  when  treated  with  a  solution  of 
silver  nitrate,  and  this  precipitate,  unlike  similar  precipitates  from 
chlorides  and  bromides,  does  not  dissolve  in  ammonia  water.  This 
is  the  basis  of  the  official  test  for  distinction  of  bromides  and  chlorides 
given  above.  The  aqueous  and  alcoholic  solutions  of  free  iodine  have 
a  brown  tint,  and  such  solutions  are  decolorized  by  treatment  with 
sodium  thiosulphate  (hyposulphite,  see  p.  477),  the  equation  being: 

I,     +     2Na2S20s     =     2NaI     +     NajSiOs. 

Both  products  of  the  reaction  just  given — sodium  iodide  and 
sodium  tetrathionate — are  colorless,  and  the  latter  chemical  has  the 
graphic  formula — 


S~S: 
S-Si 


-ONa 

=o 

-O 


-ONa 

The  word  "tetrathionate"  means  literally  " f our-sulph-ate, "  tetra 
being  Greek  for  "four,"  and  thion  means  "sulphur"  in  the  same 
language. 

This  decoloration  of  iodine  by  sodium  hyposulphite  is  applied  in 
making  the  so-called  decolorized  tincture  of  iodine.  As  will  be  seen 
from  above  equation,  the  name  is  a  misnomer,  as  the  decolorized 
preparation  contains  no  uncombined  iodine,  and  for  all  purposes  a 
solution  of  potassium  or  of  sodium  iodide  would  have  equal  thera- 
peutic value. 

The  property  of  sodium  hyposulphite  of  decolorizing  iodine  is 
applied  for  the  quantitative  estimation  of  that  element  and  its  deriva- 
tives. For  this  purpose  a  volumetric  solution  of  sodium  hyposulphite 
is  dropped  into  the  iodine  solution  until  the  latter  is  decolorized. 

In  order  sharply  to  distinguish  the  end  reaction,  a  starch  paste 
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is  used  as  an  indicator,  the  blue-black  tint  in  the  mixture  being 
discharged  the  moment  a  sufficient  quantity  of  the  volumetric  solution 
is  added.     (See  Chapter  LIV.) 

The  official  preparations  of  iodine  are:  tincture  of  iodine,  an  alco- 
holic solution  containing  7  per  cent,  iodine  and  5  per  cent,  potassium 
iodide  (p.  228);  compound  solution  of  iodine,  which  contains  5  per  cent, 
of  iodine  dissolved  in  water  by  aid  of  10  per  cent,  of  potassium  iodide 
(p.  185);  and  the  ointment  of  iodine,  which  contains  4  per  cent,  of 
iodine  and  4  per  cent,  potassium  iodide,  rubbed  with  glycerin  and 
benzoinated  lard  (p.  347). 

Dose. — 5  milligrammes  (yV  grain). 

SULPHUR. 

Symbol,  S.    Atomic  weight,  approximately  32 

This  element  has  been  known  from  ancient  times,  the  name  being 
of  Latin  origin,  derived  from  two  words,  sal  (salt)  and  pyr  (fire). 
Sulphur  is  found  in  the  free  state  in  the  neighborhood  of  volcanoes, 
it  being  emitted  through  these  from  the  interior  of  the  earth.  It  is 
also  found  very  widely  distributed  in  combination,  for  example, 
gypsum,  which  is  calcium  sulphate,  iron  pyrites  (ferrous  sulphide), 
and  galena  (lead  and  silver  sulphide).  The  commercial  source  of 
sulphur  is  chiefly  crude  brimstone,  which  is  obtained  either  from  the 
sides  of  volcanoes  or  else  mined  in  certain  sections  of  the  world,  as, 
for  example,  a  very  extensive  deposit  of  sulphur  in  Louisiana. 

Sulphur  is  extracted  from  the  Louisiana  mines  by  sinking  several 
4-inch  steel  tubes  into  the  deposit,  and  passing  superheated  steam 
through  one  of  the  tubes.  The  heat  of  the  steam  melts  the  sulphur, 
while  the  steam  pressure  forces  the  fused  sulphur  through  the  other 
tubes  into  vats  or  ponds,  where  it  solidifies. 

The  crude  volcanic  sulphur  is  roughly  purified  by  straining  and 
pouring  into  iron  molds.  Such  sulphur  comes  into  the  market  in 
cylindric  pieces,  one  or  two  feet  long  and  two  or  three  inches  in 
diameter,  under  the  name  of  roll  sulphur  or  brimstone.  A  purer  com- 
mercial form  is  sublimed  sulphur  or  flowers  of  sulphur,  which  is  made 
by  putting  brimstone  in  cast-iron  retorts  and  collecting  the  vapors  in 
large,  well-cooled  chambers,  on  the  floors  of  which  sulphur  falls  in  the 
form  of  fine  powder. 

Sulphur  is  a  lemon-yellow  body,  and  according  to  whether  it  is 
rolled  sulphur  or  sublimed  sulphur,  is  in  lump  or  powder  form.  These 
represent  one  of  several  forms  which  the  element  assumes.  Thus, 
if  brimstone  is  fused  and  let  stand  until  a  pellicle  forms  on  the  surface 
of  the  fused  mass,  and  then  the  liquid  portion  is  poured  off , the  element 
is  found  in  the  form  of  yellow  prismatic  crystals. 

A  third  form  which  the  element  assumes  is  prepared  by  taking 
either  the  crystals  or  the  rolled  sulphur,  and  heating  it  in  a  crucible  to 
a  temperature  of  330°  F.,  when  it  is  poured  into  cold  water,  forming 
an  elastic,  rubber-like  mass  called  amorphous  sulphur.  These  three 
widely  different  bodies  are  sulphur  and  nothing  else,  and  it  might  be 
said  that  the  element  assumes  three  different  masquerades.  Several 
elements  are  known  to  possess  this  same  characteristic  of  assuming 
different  forms,  and  such  a  phenomenon  is  called  allotropism. 

The  official  forms  of  sulphur  are: 
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SULPHUR  SUBLIMATUM.     Sublimed  Sulphur. 

S  =  31.83 

It  should  contain  not  less  than  99  per  cent,  of  pure  Sulphur. 

A  fine,  yellow  powder,  having  a  slight  characteristic  odor,  and  a  faintly  acid 
taste. 

Insoluble  in  water;  readily  soluble  in  carbon  disulphide;  slightly  soluble  in 
absolute  alcohol ;  more  readily  soluble  in  petroleum  benzin,  benzene,  oil  of  turpentine, 
and  many  other  oils;  also  in  ether,  chloroform,  and  in  boiling  aqueous  solutions  of 
alkali  hydroxides. 

At  about  115°  C.  (239°  F.)  it  fuses  to  a  yellow,  mobile  fluid,  which  upon  further 
heating  becomes  dark  and  viscid,  until  a  temperature  above  300°  C.  (572°  F.) 
is  reached,  when  it  becomes  a  thin  liquid,  boiling  at  448°  C.  (838.4°  F.).  In  the  air 
it  burns  to  sulphur  dioxide,  characterized  by  its  odor,  and  by  its  blackening  a  strip 
of  paper  moistened  with  mercurous  nitrate  T.S.  held  in  the  gas. 

When  agitated  with  water,  the  latter  gives  an  acid  reaction  with  litmus-paper. 

The  amount  of  residue  left  after  volatilizing  or  burning  a  weighed  portion  of 
well-dried  Sublimed  Sulphur  should  not  exceed  0.5  per  cent. 

Dose. — 4  Gm.  (60  grains). 

SULPHUR  LOTUM.     Washed  Sulphur. 

S  =  31.83 
Washed  sulphur,  when  dried,  should  contain  not  less  than  99.5  per  cent,  of  pure 
Sulphur. 

Recipe. — Sublimed  Sulphur,  one  hundred  grammes 100  Gm. 

Ammonia  Water,  ten  cubic  centimeters 10  Cc. 

Water,  a  sufficient  quantity. 

Pass  the  Sublimed  Sulphur  through  a  No.  30  sieve,  mix  it  thoroughly  with  one 
hundred  cubic  centimeters  of  Water,  add  the  Ammonia  Water,  and  digest  for  three 
days,  agitating  occasionally.  Then  add  one  hundred  cubic  centimeters  of  Water, 
transfer  the  mixture  to  a  muslin  strainer,  and  wash  the  Sulphur  with  Water  until 
the  washings  cease  to  impart  a  blue  color  to  red  htmus-paper.  Then  allow  it  to 
drain,  press  the  residue  strongly,  dry  it  rapidly  at  a  moderate  heat,  pass  it  through  a 
No.  30  sieve,  and  keep  it  in  well-stoppered  bottles. 

Tests  for  Identity. — A  fine  yellow  powder  without  odor  or  taste. 
Rest  of  description  identical  with  that  for  sublimed  sulphur. 
Residue  on  ignition  not  more  than  -^^  of  1  per  cent. 
Test  for  Impurities. — Earthy  and  metallic  impurities: 

If  0.5  Gm.  of  Washed  Sulphur  be  boiled  with  10  Cc.  of  sodium  hydroxide  T.S., 
it  should  be  dissolved,  leaving  no  appreciable  residue  (absence  of  earthy  and  metallic 
impurities). 

Arsenic:  Gutzeit's  test,  see  Part  V. 
Acid  or  ammonia: 

If  5  Cc.  of  water  be  agitated  with  2  Gm.  of  Washed  Sulphur,  the  liquid  should 
not  change  the  color  of  blue  or  red  litmus-paper  (absence  of  acid  and  of  ammonia). 

SULPHUR   PRiECIPITATUM.     Precipitated  Sulphur. 

S  =  31.83 
Precipitated  Sulphur,  when  dried,  should  contain  not  less  than  99.5  per  cent, 
of  pure  Sulphur. 

Recipe. — Sublimed  Sulphur,  one  hundred  grammes 100  Gm. 

Lime,  jifty  grammes 50  Gm. 

Hydrochloric  Acid, 

"Water,  each,  a  sufficient  quantity. 
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Slake  the  Lime,  and  mix  it  uniformly  with  five  hundred  cubic  centimeters  of  Water. 
Add  the  Sublimed  Sulphur,  previously  sifted,  and,  after  thorough  mixing,  add  one 
thousand  cubic  centimeters  of  Water,  and  boil  the  mixture  in  a  porcelain  or  glass 
vessel  during  one  hour,  stirring  or  agitating  very  frequently,  and  replacing  the  Water 
lost  by  evaporation.  Then  cover  the  vessel,  and  permit  the  contents  to  cool  and 
become  clear  by  subsidence.  Carefully  draw  off  the  clear  solution,  and  filter  the 
remainder.  To  the  united  liquids  add  gradually,  and  with  constant  stirring,  Hy- 
drochloric Acid,  previously  diluted  with  an  equal  volume  of  Water,  until  the 
liquid  is  nearly  neutralized,  still  retaining,  however,  an  alkaline  reaction  and  a  yellow 
color.  Collect  the  precipitate  on  a  strainer,  and  wash  it,  until  the  washings  are 
tasteless  and  cease  to  give  a  precipitate  upon  the  addition  of  ammonium  oxalate 
T.S.  Then  dry  the  product  rapidly,  at  a  moderate  heat,  and  keep  it  in  well- 
stoppered  bottles. 

A  fine,  amorphous  powder,  of  a  pale  yellow  color,  without  odor  or  taste. 

Insoluble  in  water;  very  slightly  soluble  in  absolute  alcohol;  readily  soluble 
in  carbon  disulphide,  petroleum  benzin,  benzene,  oil  of  turpentine,  and  many  other 
oils;  also  in  ether,  chloroform,  and  in  boiling  aqueous  solutions  of  alkali  hydroxides. 

At  115°  C.  (239°  F.)  Precipitated  Sulphur  melts,  and  at  a  higher  temperature 
it  volatilizes,  or,  if  air  be  admitted,  burns  to  sulphur  dioxide. 

If  I  Gm.  of  Precipitated  Sulphur  be  ignited,  it  should  not  leave  a  weighable 
residue. 

Impurities. — Arsenic:   Gutzeit's  test,  see  Part  V. 

Acid  or  ammonia:   As  in  washed  sulphur. 

Remarks. — Washed  sulphur  is  the  sublimed  sulphur  from  which 
the  sulphurous  and  sulphuric  acid  have  been  removed  by  washing 
with  a  diluted  solution  of  ammonia. 

In  subliming  sulphur  there  is  always  sufficient  air  present  to  effect 
a  slight  oxidation  of  the  sulphur,  which  means  the  production  of 
sulphurous  oxide,  SOg,  and  sulphuric  oxide,  SO3,  and  these  oxides 
pass  over  with  the  vaporized  sulphur  and  cling  to  it  on  solidification. 
Hence  almost  all  sublimed  sulphur  contains  traces  of  acid  impurities. 
These  impurities  produce  griping  effect  when  contaminated  sulphur 
is  administered,  and,  accordingly,  the  removal  of  these  traces  of  acid 
is  advisable.  This  is  accomplished  by  washing  the  sulphur  with  vola- 
tile alkali, — ammonia  water, — this  possessing  the  great  advantage 
over  the  fixed  alkalies  (sodium  hydroxide  or  potassium  hydroxide)  of 
being  easily  separated  from  the  sulphur,  simple  exposure  to  air 
removing  the  last  traces. 

Precipitated  sulphur  is  made  by  precipitating  sulphur  from  its 
alkaline  solution  by  the  addition  of  hydrochloric  acid,  the  equation 
of  the  two  stages  of  the  reaction  being: 


(a)       3CaO     +     6S 

=     CaS, 

+     CaSjOs 

Or  3CaO     +     6Sj 

=     2CaS5 

+     CaSA- 

(6)       2CaS2    +     CaSjOs     -1-     6HC1      =     3CaCl2     +     6S     +     SH^O. 

The  equations  can  be  explained  as  follows:  We  prepare  a  solution 
of  sulphur  by  chemically  combining  it  with  calcium  oxide,  whereby 
there  is  produced  a  soluble  mixture  of  the  polysulphides  of  sulphur, 
CaSj  to  CaSs,  and  calcium  thiosulphate,  CaSaOg.  This  sulphur  solution 
is  filtered,  and  to  the  clear  liquid  is  added  another  clear  liquid,  hydro- 
chloric acid,  when  a  copious  precipitate  occurs,  the  acid  seizing  the 
calcium  to  form  calcium  chloride,  and  thus  goes  into  solution,  while 
the  sulphur  is  precipitated.  If,  in  the  above  reaction,  sulphuric  acid 
is  used  as  a  precipitant  instead  of  hydrochloric  acid,  we  obtain  a 
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precipitate  consisting  of  sulphur  contaminated  with  calcium  sulphate. 
This  body  is  known  in  commerce  as  lac  sulphur,  or  milk  of  sulphur. 
The  pharmacist  must  bear  in  mind  that  this  does  not  represent  the 
pharmacopoeial  precipitated  sulphur,  which  one  should  specify  by  its 
official  name  in  ordering.  A  simple  test  whereby  to  distinguish  the 
official  washed  sulphur  from  the  milk  of  sulphur  is  that  the  former, 
when  burned  on  the  end  of  a  spatula,  should  yield  no  residue,  whereas 
after  burning  the  milk  of  sulphur  there  will  remain  a  considerable 
quantity  of  calcium  sulphate. 
Dose. — 4  Gm.  (60  grains). 

SULPHURIS  lODIDUM.     Sulphur  Iodide. 

Recipe. — ^Washed  Sulphur,  twenty  grammes 20  Gm. 

Iodine,  eighty  grammes 80  Gm. 

Mix  the  Sulphur  and  Iodine  thoroughly  by  trituration;  introduce  the  mixture 
into  a  flask,  close  the  orifice  loosely,  and,  by  means  of  a  water-bath,  gradually  and 
with  occasional  agitation  apply  a  heat  not  exceeding  60°  C.  (140°  F.),  until  the  in- 
gredients combine  and  become  of  a  uniformly  dark  color  throughout.  Then  increase 
the  heat  to  the  boiling-point  of  water,  so  as  to  fuse  the  mass.  Should  any  Iodine 
have  sublimed  and  condensed  on  the  glass,  incline  the  flask  so  as  to  combine  the 
Iodine  with  the  fused  mass,  and  then  pour  the  latter  upon  a  porcelain  plate  or  other 
suitable  cold  surface.  When  it  is  cold,  break  the  product  into  pieces  of  suitable 
size,  and  keep  them  in  a  glass-stoppered  bottle,  in  a  cool  place. 

Brittle  masses  of  a  crystalline  fracture  and  a  grayish-black,  metallic  luster, 
having  the  odor  of  iodine  and  a  somewhat  acrid  taste. 

Almost  insoluble  in  water;  soluble  in  about  60  parts  of  glycerin;  very  soluble 
in  carbon  disulphide.  Alcohol,  ether,  and  a  solution  of  potassium  iodide  dissolve 
the  iodine,  leaving  the  sulphur.  Continued  boiling  with  water  vaporizes  all  of  the 
iodine,  leaving  about  20  per  cent,  of  sulphur  as  residue. 

On  exposing  Sulphur  Iodide  to  the  Air,  it  gradually  loses  iodine.  On  heating 
it,  some  iodine  sublimes  at  first;  at  a  somewhat  higher  temperature  a  sublimate 
is  formed,  containing  both  iodine  and  sulphur.  At  a  still  higher  temperature,  the 
whole  is  volatilized,  leaving  only  a  trace  of  residue. 

Assay. — See  Part  V. 

Remarks. — Iodized  sulphur  is  an  indefinite  mixture,  since  it  loses 
iodine  on  standing.  It  has  been  claimed  to  possess  the  formula  S2I2, 
which  can  be  explained  by  the  following  structural  formula: 

S— I 

I 
S— I. 

In  this  it  will  be  noticed  that  we  have  two  atoms  of  bivalent 
sulphur;  one  bond  of  each  is  used  in  holding  together  its  neighboring 
sulphur  atom.  Thus,  each  atom  of  sulphur  has  only  one  bond  to 
which  iodine  is  linked.  No  chemical  formula  is  assigned  sulphur 
iodide  in  the  pharmacopoeia.  This  is  because  there  are  grave  doubts 
as  to  its  being  a  definite  chemical  compound,  and  it  may  be  wiser  to 
call  it  "iodized  sulphur"  or  "iodated  sulphur,"  just  as  the  pharma- 
copoeia has  adopted  the  terms  chlorinated  lime  and  sulphurated  lime 
in  place  of  the  old  name  of  these  bodies,  chloride  of  lime  and  sulphide 
of  calcium. 

The  method  of  the  manufacture  of  this  body  given  by  the  pharma- 
copoeia of  1890  was  by  melting  the  iodine  and  sulphur  together  in  a 
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test-tube  or  flask,  an  impracticable  process,  inasmuch  as  a  large 
amount  of  the  iodine  will  have  evaporated  before  the  mixture  is 
brought  to  a  state  of  fusion  sufficient  to  pour  it  out.  The  present 
recipe  seeks  to  lessen  loss  of  iodine  by  heating  a  mixture  of  sulphur 
and  iodine  on  the  water-bath  before  attempting  fusion.  A  far  better 
process  is  that  of  Prunier,  who  first  brings  the  sulphur  to  a  state  of 
fusion  and  then  sprinkles  the  iodine  in  the  fused  mass. 

Sulphur  iodide  is  used  as  an  alterative  in  doses  of  1  to  3  grains. 

CARBONEI   DISULPHIDUM.     Carbon  Disulphide. 

CS^  =  75.57 

Carbon  Disulphide  should  be  kept  in  partially  filled,  well-stoppered  bottles, 
or  in  tin  cans,  in  a  cool  place,  remote  from  lights  or  fire. 

A  clear,  colorless,  highly  refractive  liquid,  very  diffuse,  having  a  strong,  charac- 
teristic, but  not  fetid  odor,  and  a  sharp,  aromatic  taste. 

Specific  gravity:  1.256  to  1.257  at  25°  C.  (77°  F.). 

Soluble  in  526  parts  of  water  at  25°  C.  (77°  F.);  very  soluble  in  alcohol,  ether, 
chloroform,  fixed  and  volatile  oils. 

Carbon  disulphide  vaporizes  rapidly  at  the  ordinary  temperature,  is  highly 
inflammable,  boils  at  46°  to  47°  C.  (114.8°  to  116.6°  F.),  and  when  ignited,  burns 
with  a  bluish-white  flame,  producing  carbon  dioxide  and  sulphur  dioxide. 

It  should  not  affect  the  color  of  blue  litmus-paper  moistened  with  water  (absence 
of  sulphur  dioxide). 

A  portion  evaporated  spontaneously  in  a  glass  vessel  should  leave  no  residue 
(absence  of  dissolved  sidphur).  Lead  acetate  T.S.  agitated  with  it  should  not  be 
blackened  (absence  of  hydrogen  sulphide). 

Remarks. — This  body  is  made  by  passing  the  vapors  of  sulphur 
through  carbon  contained  in  a  red-hot  tube  or  cylinder. 

Carbon  disulphide  is  a  heavy,  mobile,  inflammable  liquid,  with  the 
offensive  odor  of  rotten  eggs.  It  is  said  to  be  odorless  when  abso- 
lutely pure,  a  happy  condition  never  as  yet  attained  by  the  writer, 
although  he  has  often  rectified  the  disulphide  for  analytic  work. 

This  rectification  can  be  performed  by  the  ordinary  process  of 
distillation,  with  the  one  safeguard  of  preventing  direct  contact  of 
the  distilling  flask  with  flame.  For  this  reason  it  is  even  unadvisable 
to  use  a  flame  for  heating  the  water  on  which  the  distilling  flask  rests. 
If  a  steam-bath  is  not  at  hand,  the  distillation  must  be  carried  on  by 
pouring  heated  water  into  the  bath,  rather  than  by  directly  heating 
the  water.  As  carbon  disulphide  boils  at  47°  C,  the  occasional 
filling  of  the  water-baths  with  boiling  water  will  very  rapidly  volatilize 
all  the  carbon  disulphide.  The  chief  use  of  carbon  disulphide  is  as  a 
solvent  for  India-rubber,  and  it  is  for  this  reason  that  it  is  official, 
being  used  to  dissolve  rubber  in  the  manufacture  of  the  official  mustard- 
paper. 

NITROGEN 

Symbol,  N.     Atomic  weight,  approximately  14 
Nitrogen  was  discovered  as  a  constituent  of  the  air  by  Rutherford 
in  1772.     The  name  nitrogen  was  coined  by  Chaptal  in  1796  from  the 
two  words  nitron,  nitre,  and  gennao,  I  produce;  investigation  having 
shown  that  it  was  a  constituent  of  nitre  or  saltpeter. 

Nitrogen  is  usually  prepared  on  the  small  scale  by  heating  ammo- 
nium nitrite,  the  equation  of  reaction  being: 

NH.NOi,     +     heat     =     Na     4-     2H,0. 
26 
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It  is  now  being  prepared  from  the  atmosphere  by  electrolytic 
processes. 

Nitrogen  is  a  colorless,  tasteless,  odorless,  and  inert  gas,  which 
is  of  no  pharmaceutic  value.  Its  chief  occurrence  in  uncombined 
state  is  in  the  atmosphere,  of  which  it  constitutes  about  77  per  cent, 
by  weight  and  79  per  cent,  by  volume,  and  in  which  it  does  the 
inestimable  service  of  diluting  the  very  active  constituent,  oxygen. 
It  has  been  proved  that  air  is  a  mechanical  mixture  of  nitrogen  and 
oxygen,  along  with  a  small  quantity  of  carbonic  oxide,  moisture,  and 
traces  of  salts. 

Nitrogen  forms  five  chemical  combinations  with  oxygen,  and  of 
these  five  oxides,  only  two  follow  the  simple  rules  of  valence. 

The  graphic  formulas  of  the  five  are  supposed  to  be  as  follows: 

Nitrogen  monoxide,  NjO    m  '\q 
(Laughing-gas),  11/^ 


Nitrogen  dioxide,  NjOj 


N^ 

N=0 

I 
N=0 


Nitrogen  trioxide,  •■ r»        /-vnt  r\  -KTr^ 

■\!n-^J'.^  ^^iA^  ivrrk  ■• O   orON-0-NO 


Nitrous  oxide,  N2O3, 


^ 


Nitrogen  tetroxide,  N2O4,  o   or  ONm-O-Nv-O. 


rO 


Nitrogen  pentoxide,  " 0   or  O^  N-O-NO.. 

Nitric  oxide,  N2O5,  M q 

Of  these  five  oxides,  two — nitrous  oxide,  N2O3,  and  nitric  oxide, 
N2O5 — will  be  considered  in  the  next  chapter  among  the  acids.  Of 
the  other  three,  the  following  comment  will  suffice: 

Nitrogen  monoxide,  N2O,  is  called  laughing-gas,  and  also,  unfortunately,  nitrous 
oxide. 

The  latter  synonym  should  fall  into  disuse,  as  that  term  more  properly  belongs 
to  nitrogen  trioxide,  N2O3,  as  that  is  the  oxide  from  which  nitrous  acid  is  derived. 

Nitrogen  monoxide  is  made  by  heating  ammonium  nitrate,  as  shown  in  the  fol- 
lowing equation: 

NH4NO3     +     heat     =     N2O     -f-     2H2O. 

It  is  a  colorless  gas,  of  faint  odor  and  sweetish  taste,  and  is  administered  by  in- 
halation by  dentists  as  a  mild  anesthetic. 

Nitrogen  dioxide,  N2O2,  is  incorrectly  called  nitric  oxide,  as  that  name  more 
properly  belongs  to  nitrogen  pentoxide,  NjOs,  since  that  is  the  oxide  from  which 
nitric  acid  is  derived. 

Nitrogen  dioxide  is  the  colorless  gas  produced  in  a  nitrometer  when  ethyl  nitrite 
or  other  nitrites  are  treated  with  potassium  iodide  and  sulphuric  acid.  (See  assay 
of  spirit  of  nitrous  ether,  p.  662.)  It  can  be  studied  only  in  an  inclosed  apparatus 
like  a  nitrometer,  for  as  soon  as  it  comes  in  contact  with  the  atmosphere  it  is  converted 
into  nitrogen  tetroxide. 
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For  this  reason,  while  it  is  produced  in  oxidations  with  nitric  acid  (see  Manu- 
facture of  Solution  of  Ferric  Sulphate,  p.  562),  it  can  never  be  detected  when  such 
reactions  occur  in  the  air,  where,  instead  of  the  colorless  nitrogen  dioxide,  the  red- 
brown  fumes  of  nitrogen  tetroxide  are  evolved. 

Nitrogen  tetroxide,  N2O4,  is  of  interest  to  us  only  because  a  product  of  oxidation 
with  nitric  acid  just  mentioned. 

It  is  a  heavy,  red-brown,  irritating  vapor,  and  can  be  easily  produced  by  poui> 
ing  nitric  acid  on  copper  turnings. 

It  is  claimed  by  some  writers  that  N2O4  is  colorless,  and  that  the  red-brown  gas 
has  the  formula  NO2. 

PHOSPHORUS.     Phosphorus. 
P  =  30.77 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Phosphorus,  and  be  cafefially 
kept  under  water,  in  strong,  well-closed  vessels,  in  a  secure  and  moderately  cool  place, 
protected  from  light. 

A  translucent,  nearly  colorless  solid,  of  a  waxy  luster,  having,  at  ordinary  tem- 
peratures, about  the  consistence  of  beeswax.  By  long  keeping  the  surface  becomes 
white  or  red,  and  occasionally  black.  It  has  a  distinctive  and  disagreeable  odor  and 
taste  {but  should  not  be  tasted,  except  in  very  dilute  solution).  When  exposed  to  the 
air,  it  emits  white  fumes,  which  are  luminous  in  the  dark,  and  have  an  odor  somewhat 
resembling  that  of  garlic;  on  longer  exposure  to  air  it  often  takes  fire  spontaneously. 

Specific  gravity:  1.830  at  10°  C.  (50°  F.),  and  1.820  at  25°  C.  (77*  F.). 

Melting-point:  44°  C.  (111.2°  F.). 

Phosphorus  is  insoluble,  or  nearly  so,  in  water,  to  which,  however,  it  imparts 
its  characteristic  disagreeable  odor  and  taste;  soluble  in  350  parts  of  absolute  alcohol 
at  15°  C.  (59°  F.),  in  240  parts  of  boiling  absolute  alcohol,  in  80  parts  of  absolute 
ether,  in  about  50  parts  of  any  fatty  oil,  and  in  about  25  parts  of  chloroform;  it  is 
very  soluble  in  carbon  disulphide,  the  latter  yielding  a  solution  which  must  be  handled 
with  the  greatest  care  to  prevent  evaporation,  wmch  would  be  followed  by  instant 
ignition. 

To  test  for  arsenic  and  sulphur  proceed  as  follows:  Add  1  Gm.  of  Phosphorus 
to  10  Cc.  of  nitric  acid  diluted  with  10  Cc.  of  distilled  water,  in  a  flask  having  a  capac- 
ity of  50  Cc,  and  digest  the  mixture  at  a  gentle  heat  on  a  water-bath  while  passing 
a  current  of  carbonic  acid  gas  into  the  flask  over  the  surface  of  the  liquid  until  the 
Phosphorus  is  dissolved.  Transfer  the  solution  to  a  dish,  and  evaporate  it  until  no 
more  nitrous  vapors  are  given  off,  and  then  dilute  the  solution  to  100  Cc.  with  dis- 
tilled water.  One  Cc.  of  this  solution  should  not  respond  to  the  Modified  Gutzeit's 
Test  for  arsenic,  see  p.  973. 

On  adding  barium  chloride  T.S.  to  the  remainder  of  the  liquid,  not  more  than 
a  slight  opalescence  should  be  produced  (limit  of  sulphur). 

Remarks. — The  name  of  this  element  is  derived  from  the  two 
Greek  words,  phos,  light,  and  pherein,  to  bring,  hence  the  name  light- 
carrier,  designating  the  prominent  characteristic  of  phosphorus,  the 
term  having  been  used  before  the  discovery  of  phosphorus  for  other 
phosphorescent  bodies. 

Phosphorus  was  discovered  by  Brandt  in  1669.  This  alchemist, 
in  examining  urine,  placed  some  in  a  retort  and  subjected  it  to  dis- 
tillation. The  residue  in  th'e  retort,  after  the  distillation,  became 
charred,  and  the  charcoal  acted  on  the  phosphates  present,  isolating 
free  phosphorus,  which  appeared  in  the  retort  with  its  characteristic 
phosphorescence. 

The  manufacture  of  phosphorus  from  urine  was  in  vogue  for  one 
hundred  years,  it  being  first  prepared  from  bones  by  Scheele,  in  1771, 
the  element  being  discovered  in  bones  by  Gahn  a  few  years  earlier. 

Phosphorus  is  never  found  in  the  free  state  in  nature,  as  contact 
with  the  air  causes  a  combination  of  it  with  the  atmospheric  oxygen. 
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It  is  found  abundantly  in  the  form  of  calcium  phosphate  in  many 
minerals,  such  as  apatite — calcium  chlorophosphate  and  the  "phos- 
phate rock"  of  the  southern  Atlantic  States.  Calcium  phosphate  is 
also  the  main  inorganic  constituent  of  the  bones,  bone-ash  containing 
86  per  cent,  of  that  chemical. 

Phosphorus  is  made  from  bone-ash,  there  being  several  stages  in 
the  process.  The  bone-ash  is  first  treated  with  sulphuric  acid,  thus 
forming  calcium  sulphate  and  acid  calcium  phosphate,  as  shown  in 
the  following  equation: 

(a)  CaaCPO^);,     +     2H2SO,     =     2CaS04     +     CaH.CPO^)^. 

In  passing,  it  might  be  mentioned  that  the  acid  calcium  phosphate 
just  cited  is  the  constituent  of  the  popular  "acid  phosphates,"  and 
such  preparations  are  made  by  this  method,  as  will  be  seen  by  referring 
to  the  recipe  for  liquor  acidi  phosphorici  of  the  National  Formulary. 
In  making  phosphorus  the  acid  phosphate  obtained  in  the  above 
reaction  is  then  submitted  to  a  high  heat,  whereby  it  loses  water  and 
is  converted  into  calcium  metaphosphate,  as  shown  in  the  following 
equation: 

(b)  CaH,(P0,)2     +     heat     =     CaCPOs)^     +     2H2O. 

This  calcium  metaphosphate  is  then  heated  with  charcoal  in  a 
retort,  and  is  decomposed  into  phosphorus  and  calcium  pyrophos- 
phate, as  shown  in  the  following  equation: 

(c)  2Ca(P03)2     +     5C     =     P2     +     Ca^PjOj     +     5C0. 

A  better  yield  of  phosphorus  can  be  obtained  by  using  the  larger 
proportion  of  carbon  suggested  in  the  following  equation,  thus  getting 
calcium  phosphate  instead  of  calcium  pyrophosphate: 

(d)  SCaCPOa)^     +     IOC     =     P4     +     CasCPO^)^     +     lOCO. 

In  practice  the  reactions  h  and  c  are  conducted  together,  and 
the  isolated  phosphorus  is  separated  from  the  calcium  pyrophosphate 
(or  phosphate)  by  distillation,  the  distilled  phosphorus  collected 
under  warm  water  and  run  into  molds  while  still  fused. 

Phosphorus  is  now  being  manufactured  by  heating  calcium  phos- 
phate with  charcoal  and  sand  in  the  electric  furnace,  under  an  atmo- 
sphere of  coal-gas  (Parker  process). 

Phosphorus  is  interesting  as  assuming  the  characteristic  allotropic 
forms — the  yellow,  the  red,  and  the  metallic.  Phosphorus  (U.  S.  P.) 
is  the  yellow  variety,  and  usually  comes  in  commerce  in  cylindric 
sticks  which  must  be  kept  under  water  or  otherwise  protected  from 
the  action  of  the  atmosphere.  This  yellow  phosphorus  is  as  soft  as 
wax,  melts  at  44°  C,  is  soluble  in  absolute  alcohol,  ether,  chloroform, 
and  fixed  oils.  Exposed  to  the  air,  yellow  phosphorus  catches  fire 
spontaneously,  emitting  dense  white  fumes  of  phosphoric  oxide,  P2O5. 
This  property  renders  it  necessary  to  handle  phosphorus  with  the 
utmost  care,  and  in  weighing  same  for  pharmaceutic  purposes  it  should 
always  be  done  in  water;  i.  e.,  the  stick  of  phosphorus  should  be  cut 
under  water  contained  in  an  evaporating  dish,  and  weighed,  not 
directly  on  the  scale-pan,  but  in  a  beaker  glass  containing  water. 
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That  the  weight  of  the  beaker  glass  and  the  water  should  be  pre- 
viously determined,  goes  without  saying. 

As  mentioned  above,  the  yellow  phosphorus,  even  under  water, 
emits  a  faint,  whitish  light,  which  is  supposed  to  be  due  to  an  evolu- 
tion of  minute  quantities  of  phosphine,  PH3,  and  the  immediate  decom- 
position of  same  with  the  evolution  of  a  microscopic  flame. 

The  red  phosphorus  is  prepared  by  heating  the  yellow  variety  to  300"  C.  in  closed 
tubes,  in  an  atmosphere  of  nitrogen.  This  product  is  a  dark-red  powder,  perfectly 
stable  in  air,  and  comparatively  non-toxic.  Red  phosphorus  is  largely  used  in  place 
of  yellow  phosphorus  in  the  manufacture  of  matches  and  the  like,  and  its  use  has 
greatly  lessened  the  dangers  of  this  trade. 

Metallic  phosphorus  is  made  by  heating  the  red  to  530"  C.  in  vacuo.  It  appears 
in  steel-like  scales,  and  has  no  interest  in  pharmacy. 

Medical  Properties. — Powerful  nervous  stimulant;  a  violent  poison. 

Dose. — 0.5  milligramme  (yts  grain). 

Antidote. — Old  (ozonized)  oil  of  turpentine. 

Official  Preparation. — Pills  of  phosphorus,  each  containing  about 
Y^75^  grain  of  phosphorus  (p.  324). 

The  pharmacopoeia  of  1890  also  recognized: 

Phosphorated  oil  (U.  S.  P.  1890) — 1  minim  represented  about 
TTj  grain  of  phosphorus. 

Spirit  of  phosphorus  (U.  S.  P.  1890)  solution  of  phosphorus  (1.2 
Gm.)  in  absolute  alcohol  (1000  Cc). 

Elixir  of  phosphorus  (U.  S.  P.),  made  from  the  spirit  and  con- 
taining about  ^  grain  of  phosphorus  to  the  fluidrachm. 

CARBON 

Symbol,  C.     Atomic  weight,  approximately  12 

The  name  of  this  element  is  derived  from  the  word  carbo,  which 
was  the  Latin  name  for  coal. 

Carbon  is  found  in  the  free  form  as  diamond,  graphite,  and  coal, 
while  its  combinations  are  very  widely  distributed.  For  example,  all 
organic  matter  contains  carbon.  It  is  also  found  as  carbonate  in 
several  well-known  minerals;  thus,  marble  and  lime-stone  are  calcium 
carbonate,  while  dolomite  is  a  mixture  of  calcium  and  magnesium 
carbonates. 

Carbon,  as  such,  is  found  in  three  allotropic  forms,  they  being  diamond,  graphite, 
and  coal.  Diamond-is  the  crystalline  form  of  carbon,  and  is  found  in  hard,  trans- 
parent masses,  possessing  the  specific  gravity  3.5  to  3.6.  The  proof  of  its  being 
carbon  pure  and  simple  is  that  when  ignited  in  a  stream  of  oxygen  it  is  all  consumed 
with  the  exception  of  a  trace  of  ash  (about  yV  of  1  percent.),  forming  nothing  but 
carbon  dioxide  gas.  Its  formation  from  the  other  varieties  of  carbon  has  already 
been  explained  on  p.  146. 

Graphite  is  a  gray-black,  soft,  amorphous  solid,  known  to  all  as  the  so-called 
"lead"  of  the  pencil.  It  has  a  specific  gravity  of  about  2.25,  and  is  of  interest 
because  of  its  resistance  to  heat.  For  this  reason  graphite  is  used  for  making  cruci- 
bles— the  so-called  black-lead  crucibles.     (See  p.  81.) 

Coal  is  the  impure,  non-crystalline  form  of  carbon,  and  can  be  divided  into  two 
commercial  varieties,  anthracite,  or  hard  coal,  MtuminoiLs,  or  soft  coal.  Coal,  on 
being  heated  in  retorts,  gives  up  its  volatile  portion,  yielding  illuminating  gas, 
ammonia,  and  coal-tar,  while  the  residue  is  the  commercial  coke,  which  contains 
about  91  per  cent,  carbon.  The  great  value  of  coal  and  coke  as  a  fuel  has  already 
been  touched  upon  on  p.  68. 

Charcoals  are  more  or  less  pure  forms  of  amorphous  carbon. 
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CARBO   LIGNI.     Charcoal. 

Charcoal  prepared  from  soft  wood,  and  very  finely  powdered.  It  should  be 
kept  in  well-closed  vessels. 

A  black,  odorless,  and  tasteless  powder,  free  from  gritty  matter. 

If  1  Gm.  of  Charcoal  be  boiled  with  a  mixture  of  3  Cc.  of  potassium  hydroxide 
T.S.  and  5  Cc.  of  water  for  several  minutes,  the  filtrate  should  be  colorless  or  nearly 
so  (evidence  of  complete  carbonization). 

Remarks. — This  is  to  be  prepared  from  soft  wood,  very  finely- 
powdered;  that  prepared  from  willow-wood  being  considered  best. 

The  pharmacopoeia  directs  that  the  wood-charcoal  be  kept  in 
well-closed  vessels,  because  it  readily  absorbs  odors.  In  fact,  the 
medical  value  of  wood-charcoal  depends  very  largely  on  this  property 
of  absorbing  gases,  and  it  is  for  this  reason  that  charcoal  is  valuable 
in  indigestion.     The  process  of  manufacture  is  given  on  p.  847. 

Dose. — I  Gm.  (15  grains). 

CARBO   ANIMALIS.     Animal  Charcoal. 

Charcoal  prepared  from  bone. 

Dull  black,  granular  fragments,  or  a  dull  black  powder,  odorless,  nearly  taste- 
less, and  insoluble  in  water  or  alcohol. 

When  ignited,  it  leaves  a  grayish  or  yellowish-white  ash,  amounting  to  about 
85  per  cent,  of  the  original  weight  of  the  portion  taken,  which  should  have  been 
previously  dried  at  120°  to  125°  C.  (248°  to  257°  F.)  to  a  constant  weight. 

The  ash  should  be  soluble  in  hydrochloric  acid  with  the  aid  of  heat,  leaving 
not  more  than  a  trifling  residue. 

If  1  Gm.  of  Animal  Charcoal  be  boiled  for  several  minutes  with  a  mixture  of 
3  Cc.  of  potassium  hydroxide  T.S.  and  5  Cc.  of  water,  the  filtrate  should  be  colorless 
or  nearly  so  (evidence  of  complete  carbonization). 

Remarks. — This  form,  commercially  called  hone-black,  is  prepared 
by  the  carbonization  of  bones,  the  dried  bones  being  placed  in  a  cast- 
iron  retort  and  carbonized  (during  the  process  a  liquid  distils  over 
which  is  called  hone  oil),  and  the  residue  in  the  retort  is  then  removed 
and  reduced  to  powder.  This  animal  charcoal  contains  the  carbon 
from  the  organic  matter  of  the  bones  plus  all  the  bone-ash,  and  it 
therefore  contains  a  large  amount  of  calcium  phosphate.  Animal 
charcoal  is  used  as  a  decolorizer,  as  explained  on  p.  137,  and  the 
presence  of  calcium  phosphate  in  the  animal  charcoal  renders  its 
use  inadvisable  in  removing  color  from  liquids  containing  acids,  as 
calcium  phosphate  will  dissolve  therein.  Therefore  the  pharmacopoeia 
directs  the  use  of  the  second  form  of  animal  charcoal,  from  which 
bone-ash  has  been  removed. 

CARBO  ANIMALIS   PURIFICATUS.     Purified  Animal  Charcoal. 

Recipe. — Animal  Charcoal,  in  No.  60  powder,  one  hundred 

grammes 100  Gm. 

Hydrochloric  Acid,  three  hundred  grammes 300  Gm. 

Boiling  Water,  a  sufficient  quantity. 

Introduce  the  Animal  Charcoal  into  a  capacious  vessel,  add  two  hundred  grammes 
of  Hydrochloric  Acid  and  four  hundred  cubic  centimeters  of  Boiling  Water.  By 
means  of  a  sand-bath  keep  the  mixture  gently  boiling  during  eight  hours,  adding 
water  occasionally  to  maintain  the  original  volume.  Then  add  five  hundred  cubic 
centimeters  of  Boiling  Water,  transfer  the  mixture  to  a  muslin  strainer,  and,  when 
the  liquid  has  run  off,  return  the  Charcoal  to  the  vessel.     Add  to  it  one  hundred 
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grammes  of  Hydrochloric  Acid  and  two  hundred  cubic  centimeters  of  Boiling  Water, 
boil  for  two  hours,  again  add  five  hundred  cubic  centimeters  of  Boiling  Water,  transfer 
the  whole  to  a  plain  filter,  and  when  the  liquid  has  passed  through,  wash  the  residue 
with  Boiling  Water  until  the  wasliings  produce  ordy  a  faint  cloudiness  with  silver 
nitrate  T.S.  Dry  the  powder  in  a  drying  oven,  and  immediately  transfer  it  to  well- 
stoppered  vials. 

A  dull  black  powder,  odorless,  tasteless,  and  insoluble  in  water,  alcohol,  or  other 
solvents. 

K  2  Gm.  of  the  powder  be  ignited  at  a  red  heat  with  free  access  of  air  in  a  broad, 
shallow,  porcelain  or  platinum  dish  it  should  not  leave  a  residue  weighing  more  than 
0.08  Gm.,  or  4  per  cent.,  of  the  original  weight  (limit  of  silicates  and  other  fixed  in- 
organic mutter). 

If  1  Gm.  of  the  powder  be  boiled  with  a  mixture  of  3  Cc.  of  potassium  hydroxide 
T.S.  and  5  Cc.  of  water  during  three  minutes,  the  filtrate  should  be  colorless  (evidence 
of  complete  carbonization). 

Remarks. — This  is  made  by  digesting  animal  charcoal  with  hydro- 
chloric acid  on  a  sand-bath  for  a  period  of  eight  hours,  and,  after 
straining  the  liquid,  returning  the  charcoal  to  the  vessel.  The  opera- 
tion is  repeated  with  a  second  amount  of  hydrochloric  acid,  and  the 
digestion  continued  for  two  hours.  Finally,  the  acid  is  drained  off, 
the  charcoal  freed  from  all  traces  of  acid  by  washing  with  water,  and 
the  product  dried.  The  acid  effects  the  solution  of  the  bone-ash  by 
converting  it  into  soluble  acid  calcium  phosphate,  described  in  the 
manufacture  of  phosphorus  (p.  404).  Purified  animal  charcoal  is 
an  excellent  decolorizer,  and  should  always  be  used  by  the  pharmacist 
in  preference  to  the  crude  product. 

The  removing  of  color  by  means  of  purified  animal  charcoal  is 
done  by  macerating  the  liquid  with  the  charcoal  for  several  hours, 
and  finally  filtering.  It  is  well  to  remember  that  animal  charcoal  not 
only  absorbs  the  color  from  a  solution,  but  also  absorbs  some  active 
plant  principles,  such  as  alkaloids  and  glucosides.  Therefore,  care 
should  be  taken  to  avoid  the  loss  of  active  ingredients  by  too  long 
contact  with  the  charcoal. 

Lamp-black  is  carbon  produced  by  burning  rosin,  petroleum,  or 
natural  gas  in  a  limited  amount  of  air,  and  collecting  the  "soot"  thus 
produced. 

BORON 
Symbol,  B.     Atomic  weight,  approximately  11 

The  word  boron  comes  from  horaq,  which  was  the  Arabic  name 
for  borax.  The  element  was  first  isolated  by  Gay  Lussac  and  Thenard 
in  1808.  .   ■     . 

Boron  occurs  in  nature  in  the  form  of  boric  acid,  sodium  borate, 
and  boracite,  the  latter  being  a  magnesium  borate.  It  is  found  in 
two  allotropic  forms,  crystalline  and  amorphous.  Its  compounds 
with  hydrogen  and  oxygen  yield  several  acids,  such  as  boric,  metaboric, 
and  pyroboric  acids.  Boron  is  not  official,  but  it  is  found  in  ofl&cial 
bodies — boric  acid  and  borax. 

ACIDUM  BORICUM.     Boric  Acid. 

H3BO3  =  61.54 

It  should  contain  not  less  than  99.8  per  cent,  of  pure  Boric  Acid  [B(OH)s]. 

Transparent,  colorless  scales,  of  a  somewhat  pearly  lustre,  or  six-sided,  triclinic 
crystals,  or  a  light,  white,  very  fine  powder,  slightly  imctuous  to  the  touch;  odorless, 
having  a  faintly  bitter  taste,  and  permanent  in  the  air. 
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Boric  Acid  is  soluble  in  18  parts  of  water,  15.3  parts  of  alcohol,  and  4.6  parts 
of  glycerin  at  25°  C.  (77°  F.);  in  3  parts  of  boiling  water  and  4.3  parts  of  boiling 
alcohol.     The  addition  of  hydrochlonc  acid  decreases  its  solubility  in  water. 

When  heated  to  100°  C.  (212°  F.),  Boric  Acid  loses  water,  forming  metaboric 
acid  (HBO2),  which  slowly  volatilizes  at  that  temperature. 

Heated  to  160°  C.  (320°  F.),  it  fuses  to  a  glassy  mass  of  tetraboric  (or  pyro- 
boric)  acid  (H2B4O7);  at  a  higher  temperature  the  fused  mass  swells  up,  loses  all  of 
its  water,*and  becomes  boron  trioxide  (B2O3),  which  fuses  into  a  transparent,  hygro- 
scopic, non-volatile  mass. 

Boric  Acid  readily  volatilizes  from  a  boiling  aqueous  solution. 

Tests  for  Identity. — Green  flame.  See  Part  V.  Turns  turmeric 
paper  brown.     See  Part  V. 

Impurities. — Sulphates,  chlorides,  calcium,  magnesium,  heavy 
metals,  arsenic,  and  not  more  than  trace  of  iron.  Details  of  each 
test  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — The  formula  of  this  compound,  commonly  called 
boracic  acid,  has  already  been  discussed  (p.  373),  so  here  it  is  only 
necessary  to  emphasize  the  fact  that  boric  acid  is  only  true  official 
ortho-acid. 

Boric  acid  is  found  in  the  free  form  in  lagoons  in  volcanic  regions 
of  Tuscany,  the  water  being  evaporated  with  the  aid  of  the  jets  of 
steam  emitted  from  the  volcanic  soil. 

It  is  now  made  in  large  quantities  in  this  country  from  native 
borax  (p.  459)  by  treating  it  with  hydrochloric  acid,  the  equation 
being: 

NajB.O^lOH^O     +     2HC1     =     2NaCl     +     4H3BO3     +     SH^O. 

Boric  acid  is  found  in  the  form  of  crystalline  micaceous  scales,  which 
possess  a  peculiar  unctuous  feeling.  Boric  acid  is  volatile,  but  more 
freely,  however,  in  the  vapor  of  water  than  if  heated  by  itself.  Boric 
acid  is  now  popular  in  the  iorm  of  an  impalpable  powder,  and  the 
preparation  of  this  caused  considerable  annoyance  on  account  of  the 
slipperiness  of  the  crystals,  until  it  was  found  that  trituration  of 
boric  acid  in  a  warmed  mortar  or  mill  brings  the  desired  results. 

The  two  tests  of  boric  acid  are,  first,  the  fact  that  an  alcoholic 
solution  burns  with  a  flame  enveloped  with  a  green  mantle,  and, 
secondly,  its  property  of  changing  yellow  tumeric  paper  to  a  reddish 
brown. 

SILICON 

Symbol,  Si.     Atomic  weight,  approximately  28 

The  word  silicon  is  derived  from  silica,  or  sand,  which  in  turn  is  derived  from 
the  Latin  silex,  which  means  flint.  The  element  was  isolated  by  Berzehus  in  1810. 
Silicon  is  the  most  abundant  element  on  the  earth's  surface. 

Thus,  quartz,  sand,  opal,  agate,  and  infusorial  earth  are  more  or  less  pure  silicic 
oxide. 

Silicon  is  another  element  appearing  in  two  allotropic  forms,  crystalline  and 
amorphous.  None  of  the  forms  of  silicon  is  of  sufficient  pharmaceutic  interest  to 
merit  more  than  passing  notice.  Silicon,  as  shown  on  p.  369,  yields  one  oxide,  SiOj. 
The  hypothetic  combinations  of  this,  with  water,  are  silicic  acids,  HjSiO,  and  H4Si04, 
and  the  salts  of  these  acids  are  the  ordinary  silicates.  Silicates  of  complex  formulas, 
such  as  orthoclas,  KjAlSigOig,  are  known. 

Glass  is  a  combination  of  the  silicates  of  sodium  or  potassium  with  lead  or  cal- 
cium. 
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The  test  for  soluble  silicates  is  that  they  yield  with  acids  a  white  gelatinous 
precipitate  of  orthosilicic  acid,  H^SiO^. 

The  silicates  other  than  those  of  the  alkalies  are  insoluble  in  all  acids,  even  the 
strongest,  except  hydrofluoric  acid. 

In  order  to  obtain  these  silicates  in  soluble  form  it  is  necessary  to  fuse  them  with 
a  mixture  of  sodium  and  potassium  carbonates,  whereby  silicates  of  sodium  and 
potassium  are  formed. 

The  only  official  preparation  of  silicon  in  the  present  pharmacopceia  is  kaolin. 
This  will  be  considered  among  the  compounds  of  aluminum  (p.  539). 

Liquor  sodii  silicatis,  which  was  ofl&cial  in  the  pharmacopoeia  of  1890,  is  dis- 
cussed on  p.  474. 


CHAPTER  XXIV 
THE  ACIDS 


An  acid  is  a  substance  which  changes  blue  litmus-paper  red,  and 
combines  with  bases  to  form  salts.  The  substances  answering  this 
definition  are  both  inorganic  and  organic,  and  among  the  inorganic 
acids,  as  already  mentioned,  are  found  both  binary  or  ternary  com- 
pounds. The  binary  compounds  are  the  four  bodies,  hydrochloric 
acid,  HCl,  hydrobromic  acid,  HBr,  hydriodic  acid,  HI,  and  hydro- 
fluoric acid,  HFl.  These  four  are  called  haloid  acids,  because  derived 
from  the  four  halogen  elements.  Three  of  these  haloid  acid  are 
recognized  by  the  pharmacopceia  either  alone  or  in  pharmaceutic 
preparations. 

Organic  acids  consist  of  carbon  radicals  combined  with  the  group 
carboxyl,  COOH.  These  will  be  discussed  under  their  proper  grouping 
in  Part  IV. 

The  inorganic  acids  are,  with  the  exception  of  the  haloid  acids 
just  mentioned,  hydrates  of  the  negative  elements.  Acids  may  be 
solids,  liquids,  or  gases;  in  fact,  all  the  members  of  this  large  group 
have  little  in  common  save  their  acid  action  on  litmus-paper  and 
their  ability  to  form  salts  with  the  alkalies. 

In  this  chapter  we  will  discuss  all  the  official  inorganic  acids 
except  boric  acid,  chromic  acid,  and  arsenous  acid,  the  three  being 
considered  under  the  elements  from  which  derived.  All  those  con- 
sidered in  this  chapter  are  liquids,  and  are  commercially  called  the 
heavy  acids,  because  their  specific  gravity  is  greater  than  water. 
These  acids  are  usually  in  the  concentrated  form,  and  decidedly 
caustic.  Hence  in  handling  them  great  care  must  be  taken  to 
avoid  bringing  them  in  contact  with  delicate  substances.  If,  in 
handling,  they  are  spattered  on  the  skin,  they  should  be  immediately 
washed  off;  if  the  area  of  burn  is  considerable,  it  should  be  covered 
with  emollients  of  mildly  alkaline  character,  such  as  lime  liniment 
or  sodium  bicarbonate.  Their  active  character  prevents  their 
ordinary  storage  in  wood  or  metal,  although  it  might  be  of  interest  to 
mention  that  sulphuric  acid  in  concentrated  form  can  be  safely  stored 
in  iron  tanks,  that  acid  attacking  iron  only  when  diluted.  In  phar- 
macy, however,  such  acids  must  be  handled  entirely  in  glass  or 
porcelain,  and  in  purchasing  quantities  of  the  same  they  are  usually 


410 


PRINCIPLES  OP  PHARMACY 


furnished  in  large  glass  containers  boxed  with  straw,  called  carboys. 
In  handling  these  carboys  it  is  usually  advisable  to  have  trunnions 
on  which  they  can  be  rocked  (Fig.  216),  though,  with  careful  handling, 
this  expense  may  be  avoided. 


Fig.  216. — Carboy  trunnion. 

There  is  no  uniformity  in  the  commercial  strength  of  the  different 
strong  acids,  the  usual  custom  being  to  furnish  an  acid  of  the  greatest 
concentration  feasible. 

It  is  useful  to  memorize  the  following  strengths  and  specific 
gravities: 

HCl  H^SO^      HNO3 

Percentage  of  absolute  acid 31.9  92.5  68.00 

Specific  gravity  (approximate) 1.16  1.83  1.40 

While  the  pharmacopoeial  concentrated  acids  vary  in  strength,  the 
same  standard  demands  that  diluted  acids  contain  10  per  cent,  of 
absolute  acid,  except  diluted  acetic  acid  (6  per  cent.)  and  diluted 
hydrocyanic  acid  (2  per  cent.).  A  very  convenient  method  of  estima- 
ting the  strength  of  acids  is  by  their  specific  gravity.  As  an  illustra- 
tion, it  will  be  noted  above  that  the  specific  gravity  of  sulphuric  acid 
is  1.83.  Water,  which  is  the  only  likely  adulterant,  has,  of  course, 
the  specific  gravity  of  1.00,  and  if  sulphuric  acid  is  diluted  with 
water,  the  specific  gravity  will  fall  to  a  point  somewhere  between 
1.83  and  1.00.  The  only  official  liquid  acid  whose  specific  gravity 
is  not  a  criterion  of  strength  is  acetic  acid  (see  p.  672).  The 
antidote  for  acids  is  mild  alkali,  such  as  calcined  magnesia  or  lime 
liniment,  this  being  a  good  illustration  of  a  chemical  antidote  acting 
on  an  acid  to  form  a  neutral  and  inert  salt.  Too  much  emphasis 
cannot  be  placed  on  the  word  "mild,"  for  while  it  is  true  that  con- 
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centrated  sodium  hydrate  or  other  strong  alkali  would  form  with  the 
acid  a  neutral  salt,  yet  the  action  of  the  same  alkali  is  as  dangerously 
caustic  as  is  the  acid  for  which  it  is  intended  as  an  antidote. 

Most  inorganic  acids  are  prepared  by  the  action  of  sulphuric  acid 
on  a  salt  of  the  acid  which  is  desired.  Sulphuric  acid  possesses  a 
greater  affinity  for  metals  than  most  other  acids,  hence  when  a  salt  of 
the  acid  is  treated  with  sulphuric  acid,  a  sulphate  is  formed  and  the 
acid  is  liberated. 

Reviewing  the  manufacture  of  ofl5cial  acids,  we  see  how  often  this 
rule  applies: 

Hydrochloric  acid,  made  from  sodium  chloride  and  sulphuric  acid. 
Hydrobromic     "  "         "    potassium  bromide  and  sulphuric  acid. 

Nitric  "  "         "    sodium  nitrate  and  sulphuric  acid. 

Chromic  "  "  potassium  dichromate  and  sulphuric  acid. 

Carbonic  "  "         "   sodium  bicarbonate  and  sulphuric  acid. 

Exceptions  to  this  method  are: 

Phosphoric  acid,  made  by  oxidation  of  phosphorus  with  nitric  acid. 
Sulphurous       "  "       reduction  of  sulphuric  acid  with  carbon. 

The  officials  treated  in  this  chapter  are: 

Hydrochloric  acid  containing  31.9  per  cent,  of  absolute  HCl 


10 
10 
10 
1 
68 
10 


Diluted  hydrochloric  acid 

Diluted  hydrobromic  acid 

Diluted  hydriodic  acid 

Syrup  of  hydriodic  acid 

Nitric  acid 

Diluted  nitric  acid 

Nitrohydrochloric  acid. 

Dilutea  nitrohydrochloric  acid. 

Sulphuric  acid  "       92.5 

Diluted  sulphuric  acid  "       10 

Aromatic  sulphuric  |  containing  about  20 

Sulphurous  acid  containing     6 

Phosphoric  acid  "       85 

Diluted  phosphoric  acid  "       10 

Hypophosphorous  acid  "       30 

Diluted  hypophosphorous  acid     "       10 


HCl. 

HBr. 

HI 

HI 

HNO, 

HNO3. 


HjSO,. 
H^O,. 

H2SO,. 

SO2. 

H3PO4. 

H3PO,. 

HPHjO,. 

HPH,0,. 


OFFICIAL  ACIDS 
ACIDUM  HYDROCHLORICUM.     Hydrochloric   Acid. 

A  liquid  composed  of  31.9  per  cent.,  by  weight,  of  absolute  Hydrochloric  Acid 
[HCl  =  36.18],  and  68.1  per  cent,  of  water.  It  should  be  kept  in  glass-stoppered 
Dottles. 

A  colorless,  fuming  liquid,  of  a  pungent  odor,  and  an  intensely  acid  taste;  the 
fumes  and  odor  disappear  on  diluting  the  Acid  with  2  volumes  of  water. 

Specific  gravity:  about  1.158  at  25°  C.  (77°  F.). 

Miscible,  in  all  proportions,  with  water  or  alcohol. 

On  distilling  it,  at  first  a  stronger  acid  passes  over,  until,  at  110°  C.  (230°  F.), 
a  liquid  containing  20.13  per  cent,  of  the  absolute  acid  remains  (specific  gravity, 
about  1.098  at  25°  C),  which  distils  unchanged,  leaving  no  residue. 

Hydrochloric  Acid,  even  when  highly  diluted,  shows  an  intensely  acid  reaction 
with  blue  litmus-paper. 

Heated  with  manganese  dioxide  it  evolves  chlorine. 

With  silver  nitrate  T.S.  it  yields  a  white,  curdy  precipitate,  insoluble  in  nitric 
acid,  but  readily  soluble  in  ammonia  water. 


412 


PRINCIPLES   OF  PHARMACY 


If  10  Cc.  of  the  Acid  be  evaporated  from  a  platinum  or  porcelain  dish,  and  dried 
at  110°  C.  (230°  F.),  no  appreciable  residue  should  remain  (limit  of  non-volatile  im- 
purities). 

Tests  for  Identity. — -Tests  for  HCl  and  non-volatile  impurities 
just  given. 

Impurities. — Non-volatile  impurities  (just  given),  bromine,  iodine, 
free  chlorine,  arsenic,  sulphuric  acid,  sulphates,  sulphurous  acid, 
and  heavy  metals.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  is  an  aqueous  solution  of  hydrochloric  acid  gas, 
containing  31.9  per  cent,  of  absolute  acid,  and  having  a  specific 
gravity  of  1.16.  Its  two  synonyms — spirit  of  sea-salt  and  muriatic 
acid — suggest  its  origin,  the  word  muriatic  being  derived  from  the 
Latin  murias,  which  means  brine.  As  mentioned  above,  it  is  prepared 
by  distilling  a  mixture  of  salt  (sodium  chloride)  and  sulphuric  acid. 

ACIDUM  HYDROCHLORICUM  DILUTUM.     Diluted  Hydrochloric 

Acid. 

Diluted  Hydrochloric  Acid  should  contain  10  per  cent.,  by  weight,  of  absolute 
Hydrochloric  Acid  [HCl  =  36.18]  and  90  per  cent,  of  water.  It  should  be  kept  in 
glass-stoppered  bottles. 

Recipe. — Hydrochloric  Acid,  one  hundred  grammes 100  Gm. 

Distilled  Water,  two  hundred  and  nineteen  grammes  219  Gm. 
To  make  three  hundred  and  nineteen  grammes.  .  319  Gm. 
Mix  them. 

Specific  gravity:  about  1.049  at  25°  C.  (77°  F). 

It  does  not  fume  in  the  air  and  is  without  odor,  but  otherwise  it  should  conform 
to  the  reactions  and  tests  given  under  Acidum  HydroMoricum. 

Assay. — Details  in  Part  V. 

Diluted  hydrochloric  acid  is  prepared  by  mixing  100  Gm.  of  hydro- 
chloric acid  (U.  S.  P.)  with  219  Gm.  of  water.  It  will  be  noticed  that 
the  preparation  strictly  follows  the  rules  of  dilution  performed  by 
alligation.  The  problem  is  to  reduce  a  31.9  per  cent,  acid  to  a  10  per 
cent.  acid.     Following  general  rules  of  alligation,  we  get: 


31.9  -  10  =  21.9 


10  -  0  =  10 


10  % 


31.9 
10 


0  fo 
(or  water) 

21.9  — 


Summed  up,  we  find  that 


10     Gm.  of  the  official  strong  acid  (31.9  per  cent.) 
and  21.9  Gm.  of  water  (0  per  cent.) 
gives  31.9  Gm.  of  the  diluted  acid  (10  per  cent.). 
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Then,  by  proportion: 

If  to  make  31.9  Gm.  diluted  acid  we  require  10  Gm.  of  strong  acid;  then  to 

319 
make  319  Gm.  diluted  acid  we  require  -^r-^  X  10  or  100  Gm.  stronger  acid. 

Or,  expressed  by  equation: 

31.9     :     10     :  :     319     :     X 

,        10      X      319  ,     innn 

X     equals     5— r equals  100  Gm. 

oi.y 

Hydrochloric  acid,  always  in  diluted  form,  is  used  in  indigestion. 
Dose. — Of  the  diluted  acid,  1  Cc.  (15  minims). 

ACIDUM  HYDROBROMICUM   DILUTUM.     Diluted  Hydrobromic 

Acid. 

A  liquid  composed  of  not  less  than  10  per  cent.,  by  weight,  of  absolute  Hydro- 
bromic Acid  [HBr  =  80.36]  and  about  90  per  cent,  of  water.  It  should  be  kept 
in  amber-colored,  glass-stoppered  bottles,  protected  from  light. 

A  clear,  colorless,  and  odorless  liquid,  having  a  strongly  acid  taste. 

Specific  gravity:  about  1.076  at  25°  C.  (77°  F.). 

Miscible,  in  all  proportions,  with  water  or  alcohol. 

On  distilling  it,  water  and  weak  acid  first  pass  over;  when  the  temperature  of 
126°  C.  (258.8°  F.)  is  reached,  an  acid  of  48  per  cent,  remains,  which  may  be  distilled 
imchanged. 

Diluted  Hydrobromic  Acid  strongly  reddens  blue  litmus-paper. 

Silver  nitrate  T.S.  causes  a  yellowish-white  precipitate,  which  is  insoluble  in 
diluted  nitric  acid,  but  slowly  soluble  in  an  excess  of  stronger  ammonia  water,  and 
readily  soluble  in  solutions  of  sodium  thiosulphate  or  potassium  cyanide. 

If  copper  sulphate  T.S.  be  added  to  the  Acid,  a  deep  red  color  is  produced  upon 
the  addition  of  sulphuric  acid. 

The  Acid  should  not  become  colored  on  keeping. 

Tests  for  Identity. — Given  above. 

Impurities. — Non-volatile  impurities  (test  same  as  under  hydro- 
chloric acid).  Sulphuric  acid,  barium,  heavy  metals,  free  bromine, 
iodine,  arsenic,  hydrochloric  acid,  and  chlorides.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  official  acid  is  a  liquid  containing  10  per  cent,  of 
absolute  hydrogen  bromide,  and  since  an  unstable  chemical,  should 
be  dispensed  as  fresh  as  possible  by  the  pharmacist.  Hence  efforts 
have  been  made  to  devise  a  simple  method  for  its  extemporaneous 
manufacture.  The  ordinary  method  of  manufacture  is  by  treatment 
of  potassium  bromide  with  sulphuric  acid  by  the  following  reaction: 

2KBr     +     H,SO«     =     2HBr     +     K^SO*. 

From  this  equation  it  will  be  seen  that  the  product  of  the  reaction 
other  than  hydrobromic  acid  is  potassium  sulphate.  This  dissolves 
in  water  with  the  hydrobromic  acid,  and  to  separate  the  acid  from 
the  sulphate  solution  the  tedious  process  of  distillation  is  necessary. 
This  led  investigators  to  attempt  the  separation  of  the  second 
reaction  product  from  the  acid  by  precipitation,  in  which  case  the  acid 
could  be  obtained  by  simple  filtrations  of  the  liquid  from  the  pre- 
cipitate. There  are  very  few  insoluble  potassium  salts,  the  best 
known  being  the  bitartrate, — cream  of  tartar, — and  this  is  utilized 
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in  the  Fothergill  process  of  making  hydrobromic  acid.  In  this, 
instead  of  using  sulphuric  acid  with  potassium  bromide,  tartaric  acid 
is  ernployed,  and,  on  standing,  the  bitartrate  crystallizes  out,  the 
reaction  being: 

KBr     +     H^C.HA     =     KHC.HA     +     HBr 
119  150  188  80 

The  above  equation  implies  the  molecular  proportion  of  119  Gm. 
potassium  bromide  and  150  Gm.  tartaric  acid  in  making  80  Gm. 
hydrobromic  acid.  Then  to  make  1000  Gm.  10  per  cent,  hydrobromic 
acid  (containing  100  Gm.  absolute  acid)  will  require -^V"  X  119,  or 
148  Gm.  potassium  bromide  and  ^^-  X  150,  or  187  Gm.  tartaric  acid. 

These  proportions  do  not  agree  with  the  original  recipe  of  Dr.  Wade,  who  planned 
an  acid  each  dram  of  which  would  contain  the  equivalent  of  10  grains  of  bromine; 
nor  with  Dr.  Fothergill's  recipe,  which  was  a  cumbersome  one,  adapted  to  the  Im- 
perial system  of  measures;  nor  with  the  simpler  recipe  of  Professor  Maisch. 

The  latter  recipe  consists  of  80  grains  of  potassium  bromide  dissolved  in  6 
fluidrachms  water;  100  grains  tartaric  acid  dissolved  in  2  fluidrachms  water;  the  solu- 
tions mixed  and  then  chilled,  in  order  to  facilitate  the  separation  of  the  cream  of 
tartar.  The  difficulty  in  striking  an  exact  recipe  is  due  to  the  uncertainty  of  the 
amount  of  cream  of  tartar  precipitated,  and  in  the  metric  recipe  given  above,  the 
total  amount  of  water  used  should  be  900  Cc.  Moreover,  not  more  than  100  Cc. 
should  be  made  at  a  time,  since  the  product  is  not  very  stable. 

It  must  be  said  that  the  product  of  this  process  is  not  absolutely 
pure  acid;  it  always  contains  some  potassium  bromide  and  potassium 
bitartrate.     Diluted  hydrobromic  acid  is  used  as  a  sedative. 

Dose. — 4  Cc.  (1  fluidrachm). 

ACIDUM   HYDRIODICUM   DILUTUM.     Diluted  Hydriodic  Acid. 

A  solution  of  Hydriodic  Acid  [HI  =  126.9],  containing  not  less  than  10  per  cent., 
by  weight,  of  the  Absolute  Acid,  and  about  90  per  cent,  of  water.  It  should  be  kept 
in  amber-colored,  glass-stoppered  bottles,  protected  from  the  light. 

Recipe. — Potassium  Iodide,  one  hundred  and  thirty-five  gram- 
mes      135.0  Gm. 

Potassium  Hypophosphite,  ten  grammes 10.0  Gm. 

Tartaric  Acid,  one  hundred  and  thirty-six  and  five- 
tenths  grammes 136.5  Gm. 

Distilled  Water, 

Diluted  Alcohol,  each,  a  sufficient  quantity, 

To  make  one  thousand  grammes.  .   1000.0  Gm. 

Dissolve  the  Potassium  Salts  in  two  hundred  and  fifty  cubic  centimeters  of  Distilled 
Water  with  the  aid  of  heat,  and  the  Tartaric  Acid  in  four  hundred  cubic  centimeters 
of  Diluted  Alcohol.  Having  poured  the  Solution  of  Tartaric  Acid  into  a  bottle  of 
about  one  thousand  cubic  centimeters  capacity,  add  the  solution  of  Potassium  salts 
and  shake  the  mixture  briskly.  Place  the  bottle  in  a  bath  of  ice-water  for  several 
hours,  and  having  inserted  a  pledget  of  cotton  tightly  in  the  throat  of  a  funnel, 
transfer  the  contents  of  the  bottle  to  the  funnel.  When  all  the  Uquid  has  passed 
through,  wash  the  bottle  and  crystalline  precipitate  with  Diluted  Alcohol  in  successive 
small  portions  until  one  thousand  grammes  of  clear  solution  have  been  obtained. 
Evaporate  the  liquid  at  a  moderate  temperature,  on  a  water-bath,  until  all  of  the 
Alcohol  has  been  dissipated,  and  add  sufficient  Distilled  Water  to  make  the  product 
weigh  one  thousand  grammes. 

A  clear,  colorless  liquid,  odorless,  and  having  an  acid  taste. 

Specific  gravity:  about  1.106  at  25°  C.  (77°  F.). 

Miscible,  in  all  proportions,  with  water  or  alcohol. 
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On  distilling  Diluted  Hydriodic  Acid,  water  with  some  weak  acid  first  passes 
over;  at  the  temperature  of  127°  C.  (206.6°  F.)  an  acid  of  the  strength  of  57.5  per 
cent,  distils  over  unchanged. 

To  blue  litmus-paper  it  shows  a  strongly  acid  reaction. 

Silver  nitrate  T.S.  produces  a  yellow,  curdy  precipitate,  insoluble  in  nitric  acid, 
almost  insoluble  in  ammonia  water,  but  soluble  in  solutions  of  sodium  thiosulphate 
and  potassium  cyanide. 

If  a  few  drops  of  ferric  chloride  T.S.  or  chlorine  water  be  added  to  the  Acid, 
diluted  with  twice  its  volume  of  water,  iodine  will  be  liberated  and  impart  to  the 
solution  a  reddish-brown  color.  On  agitating  the  mixture  with  a  few  drops  of  chloro- 
form, the  latter  will  acquire  a  violet  color. 

The  Acid  should  not  become  colored  on  keeping. 

Diluted  Hydriodic  Acid,  when  evaporated  to  dryness  on  a  bath  of  boiling  water, 
and  then  heated  to  115°  C.  (239°  F.),  should  not  leave  more  than  1  per  cent,  of  residue. 

Tests  for  Identity. — Just  given. 

Impurities. — Sulphuric  acid,  barium,  heavy  metals,  and  arsenic. 
Details  in  Part  V. 

Assay. — Details  in  Part  V. 

SYRUPUS  ACIDI  HYDRIODICI.     Syrup  of  Hydriodic  Acid. 

A  syrupy  liquid  containing  about  1  per  cent.,  by  weight,  of  absolute  Hydriodic 
Acid  [HI  =  126.9],  or  about  1.19  Gm.  in  100  Cc. 

Recipe. — Diluted  Hydriodic  Acid,  one  hundred  grammes 100  Gm. 

Water,  three  hundred  grammes 300  Gm. 

Syrup,  six  hundred  grammes 600  Gm. 

To  make  one  thousand  grammes.  .  1000  Gm. 
Mix  them. 

A  transparent,  colorless,  or  not  more  than  pale  straw-colored  liquid,  odorless, 
and  having  a  sweet  and  acidulous  taste. 

Specific  gravity:  about  1.190  at  25°  C.  (77°  F.). 

If  a  small  portion  of  the  Syrup  be  mixed  with  a  little  starch  T.S.,  and  a  few 
drops  of  chlorine  water  then  added,  the  liquid  will  acquire  a  deep  blue  color.  Not 
more  than  a  faint  bluish  tint  should  be  produced  in  the  Syrup  by  starch  T.S.  alone 
(limit  of  free  iodine). 

The  addition  of  silver  nitrate  T.S.  to  a  small  portion  of  the  Syrup  diluted  with 
four  volumes  of  water  produces  a  pale  yellow  precipitate,  nearly  insoluble  in  ammonia 
water. 

Assay. — Details  in  Part  V. 

Remarks. — Hydriodic  acid,  as  mentioned  on  p.  368,  is  the  binary 
acid  of  iodine.  It  is  official  in  the  present  pharmacopoeia  in  the  form 
of  diluted  (10  per  cent.)  acid  and  the  syrup  (containing  1  per  cent, 
absolute  hydriodic  acid).  The  pharmacopoeial  method  of  the 
preparation  of  the  diluted  acid  is  a  process  devised  by  Dr.  Buchanan, 
of  Glasgow,  and  antedates  the  Fothergill-Wade  process,  which  it 
closely  resembles,  the  acid  being  liberated  from  potassium  iodide  by 
the  addition  of  tartaric  acid  sufficient  to  precipitate  potassium 
bitartrate,  the  equation  being  as  follows: 

KI     +     HjC.H.Og     =     KHC^HPe     +     HI. 

The  pharmacopoeial  recipe  directs  the  addition  of  1  per  cent,  of 
potassium  hypophosphite,  which  is  added  to  prevent,  as  far  as 
possible,  the  separation  of  the  iodine,  which  occurs  when  hydriodic 
acid  is  exposed  to  the  air,  the  reaction  being  as  follows: 

2HI     +     O  (from  air)     =     H,0     -I-     Ij. 
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Potassium  hypophosphite  is  supposed  to  recombine  the  liberated 
iodine  with  hydrogen  by  the  following  reaction: 

KPHA     +     41     +    2H2O     =     KI     +     SHI     +     H3PO4. 

This  decomposition,  as  well  as  that  of  ferrous  iodide,  has  been  a  subject  of  con- 
siderable discussion  of  later  years  (see  p.  551),  recent  investigations  seeming  to  show- 
that  the  accepted  idea  that  the  decomposition  is  due  to  the  separation  of  free  iodine 
is  erroneous.  Haussmann  claims  that  spoiled  specimens  of  the  syrup  contain  no  free 
iodine,  and  that  the  change  noticed  is  the  conversion  of  the  cane-sugar  into  glucose, 
which  change  is  accompanied  by  side  reactions,  which  prodwje  the  brown  color.  His 
theory,  however,  as  far  as  syrup  of  ferrous  iodide  (p.  5olj^  concerned,  is  not  in 
accord  with  facts,  since  if  the  brown  tint  is  due  to  caram^lization  of  sugar,  the  syrup 
could  not  be  restored  to  its  green  tint  by  the  introduction  of  a  few  card  teeth,  as 
really  occurs.  Since  iodine  is  liberated  under  oxidizing  action  of  air,  it  is  advisable 
to  avoid  combination  of  the  official  acid  or  the  syrup  prepared  therefrom  with  oxi- 
dizing agents;  hence  potassium  chlorate  should  not  be  dispensed  with  the  syrup. 

The  pharmacopoeia  of  1880  directed  a  method  for  the  manufacture  of  the  syrup 
of  hydriodic  acid  different  from  that  of  U.  S.  P.  VIII.,  the  process  of  1880  being  to 
treat  water  in  which  iodine  was  suspended  with  hydrogen  sidphide  gas,  the  equation 
being  as  follows: 

H,S     +     I2     =     2HI     -1-     S. 

As  a  matter  of  fact,  this  process  leads  to  a  purer  form  of  hydriodic 
acid  than  does  the  process  of  the  present  pharmacopoeia,  since  the 
attempt  to  precipitate  all  the  potassium  salt  as  potassium  bitartrate 
is  not  entirely  successful,  inasmuch  as  the  bitartrate  is  somewhat 
soluble.  For  this  reason  it  is  noticed  that  in  the  evaporation  test 
for  the  acid  given  above  1  per  cent,  fixed  residue  is  permitted. 

Both  the  diluted  acid  and  the  syrup  are  used  as  alteratives. 

Dose. — Of  diluted  acid,  0.5  Cc.  (8  minims).  Of  syrup,  4  Cc.  (1 
fluidrachm). 

ACIDUM   NITRICUM.     Nitric   Acid. 

A  liquid  composed  of  68  per  cent.,  by  weight,  of  absolute  Nitric  Acid  [HNO3  ^^ 
NOj.OH  =  62.57]  and  32  per  cent,  of  water.  It  should  be  kept  in  glass-stoppered 
bottles. 

A  colorless,  fuming  liquid,  very  caustic  and  corrosive,  and  having  a  peculiar, 
somewhat  suffocating  odor. 

Specific  gravity:  about  1.403  at  25°  C.  (77°  F.). 

It  boils  and  is  completely  volatilized  at  120.5°  C.  (248.9°  F.). 

It  dissolves  copper,  mercury,  silver,  and  other  metals  with  evolution  of  red 
fumes,  and  stains  woolen  fabrics  and  animal  tissues  a  bright  yellow. 

Heated  with  Indigo  T.S.,  it  discharges  the  blue  color  of  the  reagent. 

Even  when  highly  diluted,  it  shows  an  acid  reaction  upon  blue  litmus-paper. 

Tests  for  Identity. — Given  above. 

Impurities. — Non-volatile  impurities  (test  as  in  hydrochloric 
acid),  arsenic,  sulphuric  acid,  hydrochloric  acid,  heavy  metals,  iodine, 
bromine,  iodic  acid,  and  bromic  acid.  Detection  of  these  given  in 
Part  V. 

Assay. — Details  in  Part  V. 

ACIDUM   NITRICUM   DILUTUM.     Diluted   Nitric   Acid. 

Diluted  Nitric  Acid  should  contain  10  per  cent.,  by  weight,  of  absolute  Nitric 
Acid  [HNO3  or  NO2OH  =  62.57]  and  90  per  cent,  of  water. 

Recipe. — Nitric  Acid,  one  hundred  grammes 100  Gm. 

Distilled  Water,  five  hundred  and  eighty  grammes..  580  Gm. 
To  make  six  hundred  and  eighty  grammes. .  680  Gm. 
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Mix  them.     Keep  the  product  in  dark  amber-colored,  glass-stoppered  bottles. 

Specific  gravity:  about  1.054  at  25°  C.  (77°  F.). 

It  should  respond  to  the  reactions  and  tests  given  under  Acidum  Nitricum. 

Assay. — Details  in  Part  V, 

Remarks. — Nitric  acid  is  made  by  treating  sodium  nitrate  with 
sulphuric  acid  and  subsequent  distillation.  The  official  concentrated 
acid  contains  68  per  cent,  of  absolute  acid,  and  has  the  specific 
gravity  of  1.40.  It  was  formerly  largely  dispensed  under  the  synonym 
of  aquafortis  (strong  water),  a  synonym  which,  fortunately,  is  falling 
into  disuse.  The  danger  of  the  phrase  is  due  to  a  confusion  of  it  on 
prescriptions  with  aqua  fontana,  which  means  spring-water.  Nitric 
acid  is  one  of  the  most  active  of  chemical  substances,  it  being  the 
most  prominent  oxidizing  agent  in  general  use  (see  p.  420).  Great 
care  should  be  taken  in  handling  it  to  avoid  contact  with  the  skin  or 
clothing,  as  it  acts  as  a  very  strong  caustic  on  both,  either  destroying 
the  fabric  or  staining  it  yellow. 

Diluted  nitric  acid  is  the  above  preparation  diluted  with  water 
to  a  10  per  cent,  preparation,  the  proportions  following  the  rule  of 
dilution  by  alligation.  Nitric  acid  is  given  highly  diluted  as  a  tonic 
and  astringent. 

Dose. — Of  official  diluted  acid,  2  Cc.  (30  minims). 

ACIDUM  NITROHYDROCHLORICUM.     Nitrohydrochloric  Acid. 

Recipe. — Nitric  Acid,  one  hundred  and  eighty  cubic  centimeters     180  Co. 
Hydrochloric  Acid,  eight  hundred  and  twenty  cubic 

centimeters 820  Cc. 

To  make  about  one  thousand  cubic  centimeters .  .   1000  Cc. 

Mix  the  Acids  in  a  capacious  glass  vessel,  and,  when  effervescence  has  ceased, 
pour  the  product  into  dark  amber-colored,  glass-stoppered  bottles,  which  should 
not  be  more  than  half  filled,  and  which  should  be  kept  in  a  cool  place. 

A  golden-yellow,  fuming,  and  very  corrosive  liquid,  having  a  strong  odor  of 
chlorine.  Completely  volatilized  by  heat.  It  readily  dissolves  gold  leaf,  and  a  drop 
of  it,  when  added  to  potassium  iodide  T.S.,  liberates  iodine. 

ACIDUM    NITROHYDROCHLORICUM    DILUTUM.     Diluted  Nitro- 
hydrochloric   Acid. 

Recipe. — Nitric  Acid,  forty  cubic  centimeters 40  Cc. 

Hydrochloric   Acid,   one  hundred  and  eighty-two 

cubic  centimeters 182  Cc. 

Distilled  Water,  seven  hundred  and  seventy-eight 

cubic  centimeters 778  Cc. 

To  make  about  one  thousand  cubic  centimeters . .   1000  Cc. 

Mix  the  Acids  in  a  capacious  glass  vessel,  and,  when  effervescence  has  ceased, 
add  the  Distilled  Water.  Diluted  Nitrohydrochloric  Acid  should  be  kept  in  dark 
amber-colored,  glass-stoppered  bottles,  in  a  cool  place.  It  should  not  be  dispensed 
unless  recently  prepared. 

A  colorless  or  pale  yellowish  liquid,  having  a  faint  odor  of  chlorine  and  a  very 
acid  taste.  It  is  completely  volatilized  by  heat.  When  it  is  added  to  potassium 
iodide  T.S.,  iodine  is  liberated. 

Remarks. — Strong  nitrohydrochloric  acid  is  the  aqua  regia  of  the 
alchemists.     Hydrochloric  acid  will  not  dissolve  gold,  neither  will 
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nitric  acid;  but  the  two  combined  have  this  power,  hence  the  alchem- 
istic  name,  which,  translated,  means  the  kind  of  waters  {royal  water), 
since  it  dissolves  gold,  the  king  of  metals.  This  special  solvent  power 
is  due  to  presence,  in  the  acid,  of  nitrosyl  chloride,  NOCl,  and  free 
chlorine. 

Aqua  regia  is   made  by   the   direct   combination   of  nitric    and 
hydrochloric  acids,  the  reaction  being  as  follows: 

HNO3     +     3HC1     =    NOCl     +     CIj,     +     H^O. 

On  figuring  at  the  combining  quantities  used  in  the  above  equation 
and  expressing  same  in  terms  of  the  official  strength  of  the  acid,  it 
will  be  seen  that  the  combining  proportion  is  as  follows: 


Molecular  Weight  of 
Nitric  Acid. 

H  =     1 

N  =  14 

03=  48 

HNO,  Mol.  wt.  =  63 


Molecular  Weight    of 
Hydrochloric  Acid. 

H  =  1 

CI  =  35.5 

HCl  Mol.  wt.  =  36.5 

3  HCl  =  109.5 


Molecular    Weight    of 
Nitrosyl  Chloride. 

N  =  14 
O  =  16 
CI  =  35^ 
NOCl  =  65.5 


Molecular    Weight    of 
Water. 

H2O   =   18 

Molecular    Weight    of 
Chlorine. 

CL  =  71. 


Repeating  the  equation: 


HNO3 
63 


+ 


3HC1     = 
109.5 


NOCl 
65.5 


+ 


CI2 
71 


+ 


H^O 

18, 


we  see  that  the  proportions  expressed  are  63  Gm.  absolute  (100  per  cent.)  HNO3  and 
109.5  Gm.  absolute  (100  per  cent.)  HCl.  Then,  how  much  68  per  cent.  HNO3  and 
how  much  31.9  per  cent.  HCl  will  be  needed?  Taking  up  the  nitric  acid  problem 
first,  we  find  it  will  require  -^"^  X  63  Gm.,  which  equals  92.6  Gm.  nitric  acid  U.  S.  P. 
(68  per  cent.). 

As  to  the  hydrochloric  acid,  we  will  need: 

-^\  X  109.5  Gm.,  which  equals  343.2  Gm.  hydrochloric  acid  U.  S.  P.  (31.9 
per  cent.).  That  is,  92.6  Gm.  official  nitric  acid,  sp.  gr.  1.403,  and  343.2  Gm.  of 
hydrochloric  acid,  sp.  gr.  1.158,  are  required  to  fulfil  molecular  proportions.  Then, 
how  many  cubic  centimeters  of  each  acid? 

As  to  nitric  acid: 


1  Co.  water 

1  Cc.  nitric  acid 


1  Gm. 
1.403  Gm. 


Hence,  92.6  Gm.  nitric  acid  equals  92.6  divided  by  1.403,  which  equals  66  Cc. 
As  to  hydrochloric  acid: 


1  Cc.  water 

1  Cc.  hydrochloric  acid 


=     iGm. 
=     1.158  Gm. 


Hence,  343.2  Gm.  hydrochloric  acid  equals  343.2  divided  by  1.158,  equals  296  + 
Cc.  That  is,  nitrohydrochloric  acid  can  be  made  by  mixing  66  Cc.  nitric  acid 
U.  S.  P.  with  296  Cc.  hydrochloric  acid  U.  S.  P.,  or  by  union  of  180  Cc.  nitric  acid 
with  810  Cc.  hydrochloric  acid: 

66     :     296     :  :     180     :     X.      X      =     ^^^     ^^     ^^     =     810. 

66 

Comparison  of  these  figures  with  the  official  recipe  shows  the  latter  provides 
slight  excess  of  hydrochloric  acid. 

Diluted  nitrohydrochloric  acid  is  made  by  mixing  40  Cc.  of  nitric 
acid  with  182  Cc.  of  hydrochloric  acid,  and  after  the  reaction  has 
ended,  a  sufficient  quantity  of  water  is  added  to  make  the  official 
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product  contain  the  equivalent  of  3.8  per  cent,  absolute  nitric  acid 
and  6.7  per  cent,  absolute  hydrochloric  acid — that  is,  about  10  per 
cent,  mixed  acids.  At  first  glance  it  would  be  seen  that  the  same 
results  could  be  obtained  by  blending  together  the  same  proportion 
of  diluted  nitric  acid  and  diluted  hydrochloric  acid  as  is  directed  of 
the  two  concentrated  acids,  and  this  without  the  necessity  of  adding 
extra  water.  But  in  practice  the  preparation  must  never  be  made  by 
combining  the  acids  in  diluted  form,  as  then  they  would  have  a 
simple  mixture  of  the  two  acids  and  not  a  solution  of  nitrosyl  chloride 
and  chlorine. 

This  recalls  the  fact  that  chemical  reaction  usually  occurs  best  in 
fairly  concentrated  solution;  that  the  more  diluted  the  solution,  the 
slower  and  less  violent  the  reaction,  for  violence  of  reaction  means 
simply  the  accomplishment  of  a  large  amount  of  work  in  a  short  space 
of  time.  Accordingly,  if  it  is  known  that  a  reaction  is  apt  to  be  very 
violent,  its  dangers  may  be  lessened  by  a  proper  dilution  of  the  ingre- 
dients. Another  valuable  controller  of  violent  reactions  is  judicious 
cooling  of  the  vessel. 

Nitrohydrochloric  acid  is  a  hepatic  stimulant  when  given  in  largely 
diluted  doses.  A  prescription  for  liver  troubles,  formerly  largely 
used,  consisted  of  a  mixture  of  fluidextract  of  taraxacum  with  the 
acid.  When  these  two  liquids  are  mixed,  a  violent  effervescence 
occurs,  due  to  the  oxidation  of  some  of  the  constituents  of  the  fluid- 
extract.  In  dispensing  such  preparations,  therefore,  care  must  be 
taken  to  avoid  bottling  until  the  effervescence  ceases,  as  otherwise 
the  liberated  gases  will  cause  an  explosion  of  the  bottle  and  the 
spattering  of  the  acid  mixture. 

Dose. — Of  strong  acid,  0.2  Cc.  (3  minims).  Of  official  diluted 
acid,  1  Cc.  (15  minims). 

SULPHURIC   ACID 

(H,SO,) 

This  well-known  substance  has  been  known  since  the  fifteenth 
century,  it  being  a  matter  of  record  that  Basil  Valentine  obtained  it 
by  heating  ferrous  sulphate;  from  this  origin  is  the  synonym,  oil  of 
vitriol,  derived.  The  alchemist  had  become  familiar  with  several 
chemicals  of  crystalline  form  and  of  different  colors,  such  as  the 
sulphates  of  zinc,  copper,  and  iron.  By  reason  of  their  similarity 
to  bright  pieces  of  glass  these  substances  were  termed  respectively 
white  vitriol  (vitrous  meaning  glass),  blue  vitriol,  and  green  vitriol. 
All  three  of  these  "glasses,"  on  being  submitted  to  strong  heat  in  a 
retort,  yielded  an  oily  liquid  (sulphuric  acid),  which  was,  therefore, 
called  oil  of  vitriol  (or  oil  of  glass). 

Sulphuric  acid  is  the  most  important  manufactured  chemical 
used,  being  the  veritable  foundation  of  modern  chemical  industry; 
therefore  its  process  of  manufacture  must  be  clearly  comprehended. 

The  first  stage  is  burning  sulphur  in  contact  with  air,  when  there 
is  formed  sulphurous  oxide,  SO2,  whose  suffocating  odor  is  noticed  in 
a  burning  sulphur  match. 

The  second  stage  is  the  conversion  of  sulphurous  oxide,  SOj,  into 
sulphuric  oxide,  SO3.     This  occurs  by  the  process  of  oxidation — the 
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adding  of  oxygen  to  a  body — a  process  not  so  simple  as  it  at  first 
seems.  We  cannot  change  SO2  into  SO3  by  simply  mixing  with 
oxygen.  To  accomplish  this  we  have  to  employ  an  energetic  compound 
like  nitric  acid,  chromium  trioxide,  or  potassium  permanganate.  Let 
us  explain  the  reason  for  this. 

The  change  from  SO2  to  SO3  is  not  simply  an  addition  of  one  more 
atom  of  oxygen;  there  i^  another  and  very  important  difference — that 
of  valence  of  sulphur."  ('^      ^ 

Sulphur  in  SO2  is  quadrivalent — has  the  valence  iv — while  in  SO3 
it  is  ^xivalent — has  the  valence  vi — and  to  change  sulphur  with 
four  bo&ds  to  sulphur  with  six  bonds  requires  energetic  action.  So 
oxidation  is  not  merely  adding  oxygen  to  a  body,  but  in  inorganic 
chemistry  it  almost  invariably  means  change  in  the  valence  of  one  of 
the  elements  acted  on. 

In  the  sulphuric  acid  process  we  have  completed  the  second  stage, 
save  giving  the  equation  showing  the  reaction,  which  is: 

380.,     +     2HNO3     =     3SO3    +     N2O2    +    H2O. 

In  writing  reactions  always  balance  the  finished  equation  to  see 
if  the  same  number  of  atoms  are  found  on  either  side  of  the  sign  of 
equality.  This  is  most  important,  for  otherwise  the  equation  is 
defective.  Let  us  now  run  over  the  reasoning  whereby  the  balancing 
is  done.  Write  down  the  equation  given  above,  checking  off  as  we 
go  along.  3S,  in  the  SO2  groups:  on  the  other  side  of  the  equation 
we  have  3S  in  the  SO3  groups,  check  them.  3X20  in  the  SOj  groups 
and  2x30  in  the  HNO3  groups;  that  makes  12  O's  in  all.  Let  us  look 
on  the  other  side.  3X30  in  the  SO3  groups;  10  in  the  H2O  and  20  in 
N2O2,  they  tally;  so  check  them  off.  Then  there  are  2H  in  the  HNO3 
groups,  and  on  the  other  side  there  are  2H  in  HjO;  check  off.  Lastly, 
there  are  2N  in  the  HNO3  groups,  and  across  the  equality  line  there 
are  2N  in  NjOj.  When  these  are  checked  off,  nothing  unaccounted 
for  remains  on  either  side. 

An  interesting  and  useful  point,  especially  in  equation  writing, 
is  the  amount  of  oxygen  furnished  by  nitric  acid  in  oxidation.  2HNO3 
give  three  atoms  of  oxygen,  as  is  shown  in  the  following  equation: 

("H,    O 

2  HNO3  breaks  up  into  <      N2O2 

I  O, 


H,NA     =     2HNO3. 

The  third  stage  of  the  sulphuric  acid  reaction  is  very  simple. 
The  sulphuric  oxide,  SO3,  comes  in  contact  with  steam,  HjO,  forming 
sulphuric  acid,  H2SO4. 

In  the  second  stage  one  of  the  products  is  N2O2.  This  readily 
takes  oxygen  from  the  air,  even  in  the  lead  chamber,  changing  from 
a  colorless  vapor  to  the  red-brown  fumes,  N2O4  or  2NO2.  This  N2O4 
is  brought  in  contact  with  fresh  quantities  of  sulphurous  oxide,  which 
it  oxidizes  into  sulphuric  oxide  by  the  following  reaction:  2SO2  + 
N204=N202  +  2S03. 

The  resulting  N2O2  is  again  converted  into  N2O4,  and  thus  the 
process  is  continuous,  and  a  small  quantity  of  nitric  acid  can  be  used 
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over  and  over  again  in  the  oxidization  process, 
reaction  in  its  five  stages: 


Let  us  sum  up  the 


I.  s                         + 

O3 

=     SO2. 

II.  3S0j                       + 

2HNOs 

=     3S0, 

III.  SOs                        + 

H^O 

=     H,S04. 

IV.  NA  (from  II.)     + 

Oa 

=     NA- 

V.  2S0,                       + 

NP, 

=  2S03 

VI.  SO3                       + 

HjO 

=     H,SO, 

+     HjO     +     N2O,. 


+     NjOj 


From  this  stage  on  the  reaction  is  continuous,  employing  I,  V, 
IV,  and  VI.  The  appended  sketch  (Fig.  217)  outlines  the  apparatus 
in  which  the  reactions  occur.  The  walls  of  the  chamber  are  lined  with 
lead;  not  because  the  metal  is  impervious  to  the  acid,  but  because 
the  lead  sulphate  formed  is  insoluble  in  water  and  sticks  to  the  metal 
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Fig.  217. — Lead-chamber  (schematic):  A,  Sulphur  furnace  where  reaction  I  takes 
place;  B,  retort  where  nitric  acid  is  generated;  C,  lead-chamber  where  reactions  II-VI 
occur. 

as  a  protective  covering.  Were  zinc,  copper,  or  iron  employed,  the 
sulphates  of  the  metal,  being  soluble  in  water,  would  be  dissolved  off 
by  the  steam,  constantly  leaving  a  fresh  metallic  surface  to  be  attacked. 

While  a  deviation  from  the  subject  directly  under  consideration,  this  is  perhaps 
the  best  place  to  emphasize  the  necessity  of  learning  to  write  and  balance  equations 
correctly — those  short-hand  representatives  of  chemical  reactions  found  on  almost 
every  page  from  where  first  introduced  (p.  368).  As  an  illustration  of  how  not  to 
write  equations  may  be  cited  the  following  remarkable  reaction  actually  submitted 
the  writer  by  one  of  his  pupils: 

Zn     +     NaOH     =     H^ZnSO^! 

How  can  a  sulphate  be  formed  when  zinc  and  sodium  hydrate  are  mixed?  When 
we  write,  as  we  should — 

Zn     +     2NaOH     =     Hj     +     Na^ZnO^, 

we  mean  that  if  we  combine  1  atom  of  zinc  with  2  atoms  sodium,  2  atoms  oxygen, 
and  2  atoms  hydrogen,  we  get,  as  the  reaction  products,  2  atoms  hydrogen  ana  also 
2  atoms  sodium,  1  atom  zinc,  and  2  atoms  oxygen,  and  both  besides  must,  of  course, 
foot  up  the  same. 

To  use  a  common  comparison:  if  we  take  4  apples,  J  pound  sugar,  and  1  pound 
flour  to  make  a  pie,  the  finished  pie  will  surely  not  contain  8  apples,  1  pound  sugar 
and  10  pounds  of  flour.  Neither  will  it  contain  4  apples  and  a  pound  of  baking  soda. 
Use,  in  writing  equations,  the  same  common  sense  employed  in  discussing  an  ordinary 
apple-pie,  rememoering  that  a  chemical  reaction  is  merely  a  rearrangement  of  matter, 
and  during  such  a  change  matter  is  neither  created  nor  lost.  While  on  the  subject 
it  may  be  well  to  emphasize  the  three  varieties  of  reactions  by  giving  equations  ex- 
pressing their  character: 
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A  simple  reaction  is  one  in  which  two  elements  combine  to  form  a  compound, 
thus:  H2  +  O  =  HijO. 

A  simple  decomposition  is  a  reaction  in  which  an  element  acts  on  a  compound  in 
such  manner  as  to  break  it  up  and  then  form  a  new  compound,  thus:  K  +  H-O  = 
KOH  +  H. 

A  double  decomposition  is  a  reaction  in  which  two  compounds  so  act  on  each  other 
as  to  form  two  new  compounds,  thus:  KOH  +  HCl  =  HjO  +  KCl. 

To  return  to  sulphuric  acid,  besides  obtaining  sulphurous  oxide 
by  burning  sulphur  in  air,  the  same  gas  is  obtained  by  the  burning 
of  iron  pyrites  (see  p.  543),  and  in  technic  this  substance  is  largely 
used  for  the  production  of  sulphuric  acid  in  place  of  sulphur.  The 
objection  to  this  so-called  "pyrites  acid"  is  that  the  native  pyrites 
usually  contain  arsenic,  and  the  acid  obtained  therefrom  is  frequently 
contaminated  with  this  deleterious  substance.  Careful  manufac- 
turers, however,  succeed  in  removing  all  traces  of  arsenic  by  treatment 
of  the  crude  acid  with  hydrogen  sulphide,  the  excess  of  which  is 
removed  from  the  acid  by  heating.  According  as  to  whether  sulphur 
or  iron  pyrites  is  employed  in  the  manufacture  of  the  sulphuric  acid, 
specially  constructed  furnaces  are  employed.  It  might  here  be 
said  that  the  limitations  of  this  work  preclude  entering  into  details 
of  technic  of  the  manufacture  of  all  the  chemicals  here  described; 
the  student  desiring  such  is  referred  to  standard  works  on  chemical 
technology  found  in  Preface. 

Of  recent  years,  the  contact  method  of  manufacture  of  sulphuric  acid  has  come 
into  use.  In  this  process  the  oxidation  of  sulphurous  oxide  to  sulphuric  oxide  is 
accomplished  by  passing  a  mixture  of  the  first-named  oxide  and  of  air  over  platinum 
heated  to  400°-450°  C,  thus  avoiding  the  use  of  nitric  acid — the  air  furnishing  the 
required  oxygen  and  the  platinum  bringing  about  the  chemical  action.  The  process 
is  a  commercial  success,  and  is  patented  by  a  Swiss  firm. 

Sulphuric  acid  is  the  most  important  manufactured  chemical 
known  to  the  world,  it  being  used  in  numberless  branches  of  trade. 
An  indication  of  its  enormous  consumption  is  the  statement  that  in 
this  country  over  one  million  tons  are  made  each  year. 

Three  forms  of  sulphuric  .acid  are  recognized  by  the  pharma- 
copoeia: 

ACIDUM   SULPHURICUM.     Sulphuric  Acid. 

A  liquid  composed  of  not  less  than  92.5  per  cent.,  by  weight,  of  absolute  Sul- 
phuric Acid  [H2SO4  or  SOjCOH)^  =  97.35]  and  about  7.5  per  cent,  of  water.  It 
should  be  kept  in  glass-stoppered  bottles. 

A  colorless  liquid,  of  oily  consistence,  inodorous,  and  very  caustic  and  corrosive. 

Specific  gravity:  not  below  1.826  at  25°  C.  (77°  F.). 

Miscible,  in  all  proportions,  with  water  or  alcohol,  with  evolution  of  much  heat; 
the  Acid  should  be  added  with  great  caution  to  the  diluent. 

It  boils  at  338°  C.  (640.4°  F.).  When  heated  on  a  platinum  foil,  it  is  vaporized, 
with  the  evolution  of  dense  fumes,  without  leaving  a  residue. 

Sulphuric  Acid,  even  highly  diluted,  shows  an  acid  reaction  upon  blue  litmus- 
paper. 

If  Sulphuric  Acid  be  dropped  upon  cane-sugar  or  wood,  it  chars  them. 

Diluted  with  20  volumes  of  water,  it  yields  with  barium  chloride  T.S.  a  copious 
white  precipitate,  insoluble  in  hydrochloric  acid. 

If  2  Cc.  of  hydrochloric  acid  in  which  a  fragment  of  sodium  suljjhite  has  been 
dissolved  be  carefully  poured  upon  2  Cc.  of  Sulphuric  Acid  contained  in  a  test-tube, 
the  zone  of  contact  should  not  assume  a  pink  or  red  color  upon  standing,  nor  should 
a  precipitate  form  after  heating  (limit  of  selenium). 
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Test  for  Identity. — Given  above.  ^ 

Impurities. — Lead,  nitric  or  nitrous  acids,  hydrochloric  acid, 
heavy  metals,  non-volatile  impurities,  sulphurous  acid,  arsenic. 
(See  Part  V.)     Selenium  (see  above). 

Assay. — Details  in  Part  V. 

Remarks. — This  contains  92.5  per  cent,  of  the  absolute  acid,  and 
has  the  specific  gravity  1.826,  which  represents  the  greatest  strength 
of  acid  convenient  for  manufacturing  and  handling.  The  pharma- 
copoeia of  1880  recognized  a  96  per  cent,  acid,  but  experience  proved 
that  the  average  commercial  acid,  even  chemically  pure,  rarely  attained 
this  high  degree  of  concentration,  and  since  the  92.5  per  cent,  acid 
answered  all  practical  requirements  of  pharmacy,  that  strength  was 
substituted.  This  acid  is  a  colorless  liquid,  of  oily  consistence, 
miscible  in  all  proportions  of  alcohol  and  water,  with  the  evolution  of 
so  much  heat  that  mixing  requires  great  caution. 


ACIDUM   SULPHURICUM  DILUTUM.     DUuted  SiUphuric  Acid. 

Diluted  Sulphuric  Acid  should  contain  not  less  than  10  per  cent.,  by  weight,  of 
absolute  Sulphuric  Acid  [H2SO4  or  S02(OH)2  =  97.35]  and  about  90  per  cent,  of 
water. 

Recipe. — Sulphuric  Acid,  one  hundred  grammes 100  Gm. 

Distilled  Water,  eight  hundred  and  twenty-five  gramr- 

m£s 825  Gm. 

To  make  nine  hundred  and  twenty- five  grammes. .  925  Gm. 

Pour  the  Acid  gradually,  with  constant  stirring,  into  the  Distilled  Water.  Keep 
the  product  in  glass-stoppered  bottles. 

Specific  gravity:  about  1.067  at  25°  C.  (77°  F.). 

It  should  respond  to  the  reactions  and  tests  given  under  Acidum  Svlphuricum. 

Assay. — Details  in  Part  V. 

Remarks. — This  diluted  form  contains  10  per  cent,  absolute  H2SO4. 
As  mentioned  above,  the  dilution  of  the  strong  acid  with  either 
alcohol  or  water  must  be  performed  with  care,  as  great  heat  is  evolved, 
frequently  resulting  in  a  spattering  of  the  hot  acid.  A  rule  always 
to  be  observed  in  diluting  sulphuric  acid  is  that  the  acid  should  be 
poured  in  a  fine  stream  into  the  water  contained  in  a  shallow  dish. 
Never  should  water  be  poured  into  the  acid,  and  rarely  is  it  advisable 
to  perform  the  dilution  of  the  acid  in  anything  but  a  shallow  open  dish. 

Medical  Properties. — Used  like  aromatic  sulphuric  acid.  The 
concentrated  is  never  used  medicinally  except  after  dilution. 

Dose. — 2  Cc.  (30  minims). 

ACIDUM     SULPHURICUM     AROMATICUM.     Aromatic  Sulphuric 

Acid. 

Aromatic  Sulphuric  Acid  should  contain  not  less  than  20  per  cent.,  by  weight, 
of  absolute  Sulphuric  Acid  [H,S04  or  SOjCOH);,  =  97.35],  partly  in  the  form  of 
ethyl-sulphuric  acid. 

Recipe. — Sulphuric  Acid,    one   hundred   and   eleven   cubic 

centimeters Ill  Co. 

Tincture  of  Ginger,  fifty  cubic  centimeters 50  Cc. 

Oil  of  Cinnamon,  one  cubic  centimeter 1  Cc. 

Alcohol,  a  sufficient  quantity,  

To  make  one  thousand  cubic  centimeters. .  1000  Cc. 
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Add  the  Sulphuric  Acid  gradually,  and  with  great  caution,  to  seven  hundred  cubic 
centimeters  of  Alcohol,  and  allow  the  mixture  to  cool.  Then  add  to  it  the  Tincture 
of  Ginger  and  the  Oil  of  Cinnamon,  and  afterward  enough  Alcohol  to  make  the 
whole  measure  one  thousand  cubic  centimeters.  Keep  the  product  in  glass-stoppered 
bottles. 

Specific  gravity:  about  0.933  at  25°  C.  (77°  F.). 

Assay. — Details  in  Part  V. 

Remarks. — This  pharmaceutic  is  made  by  adding  111  Cc.  of  the 
concentrated  acid  to  700  Cc.  alcohol,  and  when  the  mixture  is  cooled, 
there  is  added  50  Cc.  of  tincture  of  ginger,  1  Cc.  of  oil  of  cinnamon, 
and  enough  alcohol  to  make  the  finished  product  measure  1000  Cc. 

At  the  first  glance  the  above  recipe  would  indicate  a  10  per  cent, 
acid,  but  when  it  is  recalled  that  the  100  Cc.  of  sulphuric  acid  will 
weigh  184  Gm.,  while  100  Cc.  alcohol  weighs  but  82  Gm.,  it  will  be 
seen  that  the  strength  by  weight  is  about  20  per  cent.  This  prepara- 
tion is  known  as  elixir  of  vitriol,  and  replaces  the  original  recipe, 
which  was  popular  for  several  hundred  years.  The  preparation 
contains,  besides  sulphuric  acid,  some  ethyl-sulphuric  acid.  (See 
p.  658.) 

Aromatic  sulphuric  acid  affords  the  favorite  means  of  adminis- 
tration of  the  acid,  its  chief  use  being  in  the  night-sweats  of  tubercu- 
losis. 

Dose. — 1  Cc.  (15  minims). 

Nordhausen  sulphuric  add  is  a  form  of  acid  obtained  by  distilling  completely 
exsiccated  ferrous  sulphate  or  roasted  iron  pyrites  in  dry  retorts.  It  is  a  thick 
liquid,  consisting  of  a  mixture  of  H2SO4  and  SO3,  and  is,  therefore,  sometimes  assigned 
the  formula  HjSjO,.  A  semisolid  modification  now  in  commerce  consists  almost 
entirely  of  SO3. 

ACIDUM   SULPHUROSUM.     Sulphurous  Acid. 

An  aqueous  solution  containing  not  less  than  6  per  cent.,  by  weight,  of  sulphur 
dioxide  [802  =  63.59]  and  about  94  per  cent,  of  water. 

Recipe. — Sulphuric  Acid,  sixty  cubic  centimeters 60  Cc. 

Charcoal,  in  coarse  powder,  twenty  grammes 20  Gm. 

Distilled  Water,  five  hundred  cubic  centimeters 500  Cc. 

Introduce  the  Charcoal  into  a  glass  flask  having  a  capacity  of  about  five  hundred 
cubic  centimeters,  add  the  Acid,  and  mix  them  well.  Connect  the  flask  by  means 
of  bent  glass  tubing,  about  fifty  centimeters  in  length,  with  a  wash-bottle  having  a 
capacity  of  about  two  hundred  cubic  centimeters,  containing  about  fifty  cubic  centi- 
meters of  water,  so  that  the  end  of  the  inlet  tube  shall  be  below  the  surface  of  the  water. 
Through  the  triply  perforated  rubber  stopper  of  the  wash-bottle  pass  a  safety  tube, 
which  should  reach  nearly  to  the  bottom  of  the  bottle,  and  connect  the  latter,  by 
means  of  glass  tubing,  with  a  bottle  provided  with  a  doubly  perforated  rubber  stopper, 
having  a  capacity  of  about  one  thousand  cubic  centimeters,  and  containing  five 
hundred  cubic  centimeters  of  well-cooled  Distilled  Water.  The  inlet  tube  should  dip 
about  twenty-five  millimeters  below  the  surface  of  the  Distilled  Water.  By  means 
of  a  second  tube  connect  this  bottle  with  another  containing  water,  the  end  of  the 
tube  extending  five  centimeters  below  the  surface.  Having  ascertained  that  all 
the  connections  are  air-tight,  apply  a  moderate  heat  to  the  flask  containing  the  Sul- 
phuric Acid  and  Charcoal,  until  the  evolution  of  gas  has  nearly  ceased,  and,  during 
the  passage  of  the  gas,  keep  the  bottle  containing  the  Distilled  Water  at  or  below 
10°  C.  (50°  F.)  by  surrounding  it  with  cold  water  or  ice.  Assay  a  small  portion 
of  the  Sulphurous  Acid  by  the  method  given  on  p.  1004.  Then  add  to  the  remainder 
sufficient  Distilled  Water  to  bring  the  product  to  the  strength  of  6.4  per  cent.,  by 
weight,  of  sulphur  dioxide.     Finally,  pour  the  Sulphurous  Acid  into  dark  amber- 


THE   ACIDS 


425 


colored,  glass-stoppered  bottles,  which  should  be  completely  filled,  and  kept  in  a 
cool  place,  protected  from  light. 

Owing  to  its  rapid  deterioration.  Sulphurous  Acid  should  be  frequently  assayed, 
and  none  should  be  dispensed  if  it  fails  to  conform  to  the  assay  on  p.  1004. 

A  colorless  liquid,  having  the  characteristic  odor  of  burning  sulphur,  and  an 
acid,  sulphurous  taste. 

Specific  gravity:  not  less  than  1.028  at  25°  C.  (77°  F.). 

By  heat  it  is  completely  volatilized.  Blue  litmus-paper  moistened  with  the 
Acid  is  first  reddened  and  afterward  bleached. 

On  gently  heating  a  few  Cc.  of  the  Acid  in  a  test-tube,  the  gas  evolved  will 
blacken  a  strip  of  paper  moistened  with  mercurous  nitrate  T.S.,  but  will  not  affect 
one  moistened  with  lead  acetate  T.S. 

On  mixing,  in  a  test-tube,  1  Cc.  of  Sulphurous  Acid  with  5  Cc.  of  diluted  hydro- 
chloric acid,  and  adding  a  small  piece  of  pure  zinc,  hydrogen  sulphide  gas  will  be 
evolved,  which  will  blacken  a  strip  of  paper  moistened  with  lead  acetate  T.S. 

Tests  for  Identity. — Given  above. 

Impurities. — Sulphuric  acid.     Details  given  in  Part  V. 

Assay. — Details  in  Part  V. 

The  chemical  is  recognized  by  the  pharmacopoeia  in  the  form  of 
a  saturated  6  per  cent,  aqueous  solution.  In  common  with  all 
ternary  acids,  this  body  is  derived  from  the  corresponding  oxide, 
sulphurous  oxide,  which  we  have  already  learned  is  SOj,  and  this 
combines  with  water,  as  shown  in  the  following  equation: 

SO2    +    H2O    =    H2SO3. 

While  theoretically  all  ternary  acids  are  derived  from  the  oxides  by 
treatment  with  water,  in  the  practical  manufacture  of  ternary  acids 
this  method  is  not  always  evident.  For  instance,  in  the  Markoe  proc- 
ess of  manufacture  of  phosphoric  acid  (p.  427)  the  formation  of  the 
oxide,  while  occurring,  is  not  expressed  in  the  equation.  Sulphurous 
acid,  however,  is  manufactured  by  the  direct  solution  of  sulphurous 
oxide  gas  in  water,  this  gas  being  obtained  by  the  reduction  of 
sulphuric  acid. 

Two  operations — oxidation,  of  the  addition  of  oxygen  to  a  body, 
and  reduction,  or  the  removal  of  oxygen  from  a  substance — are  very 
important  operations  in  chemical  work. 

Substances  capable  of  increasing  the  valence  of  an  element  at  the 
same  time  it  gives  oxygen  to  the  element  are  called  oxidizing  agents, 
and,  on  a  preceding  page,  nitric  acid,  potassium  permanganate,  and 
chromic  acid  were  cited  as  oxidizing  agents.  A  reducing  agent,  on 
the  other  hand,  takes  oxygen  from  a  body  and  reduces  the  valence  of 
one  of  its  elements.  Carbon  (charcoal),  metallic  sodium  (chiefly  as 
sodium  alcoholate),  and  glucose  are  examples  of  reducing  agents, 
and  usually  in  inorganic  chemistry  carbon  is  employed.  This  is 
true  in  the  manufacture  of  sulphurous  acid,  in  which  the  reaction  is 
as  follows: 

H2SO4    =    SO3    +    H,0 

2SO3       -I-     C        =     2S0,     +     CO,. 

Both  gases  formed,  sulphurous  oxide  and  carbonic  oxide,  after 
washing, — after  passing  through  a  flask  containing  water,  which 
will  absorb  such  soluble  impurities  as  sulphuric  oxide, — are  run  into 
cooled  distilled  water,  which  dissolves  the  sulphurous  oxide  (forming 
corresponding  acid),  while  most  of  the  carbon  dioxide  passes  off. 
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Since  the  pharmacopoeial  process  affords  a  striking  illustration  of 
the  apparatus  required  in  the  manufacture,  washing,  and  collecting  of 
gases,  a  picture  of  the  apparatus  is  here  given  (Fig.  218).  Sulphur 
dioxide  and  sulphurous  acid  are  employed  because  of  their  reducing 
action,  both  abstracting  oxygen  from  many  substances  with  which 
they  come  in  contact.  It  is  because  of  this  property  that  these 
bodies  are  used  as  bleaching  agents  and  as  disinfectants,  and  it  is 


Fig.  218. — Apparatus  for  manufacture  of  sulphurous  acid  U.  S.  P. 

because  of  the  latter  action  that  the  official  acid  is  of  value  in  medi- 
cine.    Sulphurous  acid  is  sometimes  used  internally  as  an  antiferment. 
It  soon  loses  the  dissolved  sulphurous  oxide,  hence  should  be  dis- 
pensed only  in  the  fresh  state. 
Dose. — 2  Cc.  (30  minims). 


ACIDUM   PHOSPHORICUM.     Phosphoric  Acid. 

A  liquid  composed  of  85  per  cent.,  by  weight,  of  absolute  Orthophosphoric  Acid 
[H3PO4  or  P0(0H)3  =  97.29]  and  15  per  cent,  of  water.  It  should  be  kept  in  glass- 
stoppered  bottles. 

A  colorless  liquid  of  a  syrupy  consistence,  without  odor,  and  having  a  strongly 
9.01(1  i^jisi'P 

Specific  gravity:  about  1.707  at  25°  C.  (77°  F.). 

Miscible,  in  all  proportions,  with  water  or  alcohol. 

When  heated,  the  liquid  loses  water;  at  200°  C.  (392°  F.)  it  gradually  begins 
to  change  to  pyrophosphoric  acid.  At  a  still  higher  temperature  it  is  converted 
into  metaphosphoric  acid,  which  volatilizes  in  dense  fumes,  or,  on  cooling,  forms 
a  transparent  mass  of  glacial  phosphoric  acid. 

The  acid,  even  when  largely  diluted,  has  an  acid  reaction  upon  blue  litmus- 
paper. 

If  a  small  portion  of  Phosphoric  Acid  be  supersaturated  with  ammonia  water, 
the  addition  of  magnesium  sulphate  T.S.  (or  of  magnesia  mixture)  produces  a  white, 
crystalline  precipitate.  If  the  precipitate  be  collected,  washed,  and  dissolved  in 
diluted  acetic  acid,  the  solution  yields  a  yellow  precipitate  with  silver  nitrate  T.S. 
(distinction  from  metaphosphoric  or  pyrophosphoric  acid). 

Test  for  Identity. — Given  above. 

Impurities. — Nitric  acid,  phosphorous  acid,  arsenic,  phosphates, 
heavy  metals,  sulphuric  acid,  hydrochloric  acid,  metaphosphoric 
acid,  pyrophosphoric  acid.     Details  of  these  tests  in  Part  V. 

Assay. — Details  in  Part  V. 
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Remarks. — Phosphoric  acid  is  recognized  by  the  pharmacopcsia 
in  the  form  of  an  85  per  cent,  solution,  the  so-called  "syrupy  phos- 
phoric acid."  It  is  made  by  the  oxidation  of  phosphorous  with 
nitric  acid,  a  process  accompanied  by  some  danger,  hence  the  recipe 
is  omitted  in  the  present  pharmacopoeia,  since  the  chemical  can  be 
best  and  most  cheaply  prepared  by  the  large  manufacturer.  The 
equation  of  the  reaction  is 


6P 
P2O5 


+     IOHNO3 
+     3H„0 


SPjOg       +     5H2O     +         5NA 
HsP^Os     =     2H3PO4. 


Let  us  go  over  the  reasoning  employed  in  figuring  out  these  quantities.  We 
want  to  make  P2O5;  we  need  for  this  five  atoms  of  oxygen.  We  have  learned  that 
2HNO3  yields  three  atoms  of  oxygen;  three  is  not  divisible  into  five;  hence  to  make 
PjOs  will  require  the  amount  of  oxygen  from  nitric  acid  corresponding  to  the  least 
common  multiple  of  three  and  five.  This  is  fifteen.  Fifteen  atoms  of  oxygen  are 
needed;  2HNO3  yield  three  atoms  oxygen;  hence  to  furnish  150  will  require  5X2 
HNO3  or  IOHNO3. 

We  are  making  P2O5.  One  molecule  of  this  contains  five  atoms  of  oxygen.  We 
have  fifteen  atoms  of  oxygen;  hence  can  make  SPjOs;  for  3  X  50  =  150.  Lastly, 
we  see  that  in  3P2O5  there  are  six  phosphorus;  hence  we  begin  the  equation  with  six 
atoms  of  phosphorus  and  ten  molecules  of  nitric  acid. 

If  to  one  molecule  of  PjOg  we  add  one  molecule  of  HgO,  we  get 
two  molecules  of  metaphosphoric  acid,  HPO3.  If,  on  the  other 
hand,  as  above,  we  add  three  molecules  HjO  to  one  molecule  of  P2O5, 
we  get  two  molecules  of  the  official  (so-called  ortho-)  phosphoric 
acid,  H3PO,. 

A  less  dangerous  method  of  manufacture  than  that  just  given, 
devised  some  thirty  years  since  by  Professor  Markoe  for  the  use  of 
the  retail  pharmacist,  consisted  in  treating  phosphorus  under  the 
surface  of  water  with  bromine  and  a  small  quantity  of  iodine,  and  at 
the  end  of  the  reaction  nitric  acid  is  added.  The  reaction  runs  in 
three  distinct  stages.  First,  phosphorus  and  bromine  unite  to  form 
phosphorus  pentabromide,  viz.: 

(I)     P     +     Br^     =     PBr^. 

This  decomposes  in  the  presence  of  water,  with  the  formation  of 
phosphoric  acid  and  hydrobromic  acid: 

(II)     PBfs     +     4H2O     =     H3PO,     +     5HBr. 

The  nitric  acid  liberates  bromine  from  hydrobromic  acid: 

III)     6HBr     +     2HNO3     =     Bre     +     4H2O     +     N^Oj. 

The  bromine  here  freed  acts  on  another  portion  of  the  phosphorus, 
and  the  reactions  I,  II,  and  III  are  repeated  in  regular  order  as  long 
as  any  phosphorus  remains  unoxidized. 

It  will  be  seen  that  the  ultimate  result  of  this  process  is  the  same  as  that  of  the 
first  process,  nitric  acid  being  the  real  oxidizing  agent  in  both  cases.  The  function 
of  the  bromine  in  the  second  process  is  to  lessen  the  violence  of  the  reaction  by  gently 
bringing  the  nitric  acid  in  contact  with  the  phosphorus,  insuring  a  gradual  evolution 
of  the  gaseous  nitrogen  dioxide;  for  be  it  remembered  that  most  explosions  are  due 
either  to  a  sudden  evolution  or  a  sudden  contraction  of  a  gas.     If  the  process  is  so 

Elanned  to  permit  the  evolution  of  a  gas  during  several  hours,  no  danger  ensues, 
ut  if  the  same  amount  of  gas  is  evolved  in  a  few  moments,  a  violent  explosion 
occurs  (p.  450). 
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In  both  processes  the  liquid  remaining  at  completion  of  reaction 
is  evaporated,  partly  to  remove  the  last  traces  of  nitric  and  nitrous 
acids  (also  bromine,  in  last  process),  and  also  to  concentrate  the  pro- 
duct to  the  official  strength.  The  last  task  is  very  tedious  if  carried 
out  in  an  open  evaporating  dish,  and  in  the  writer's  experience  he 
has  never  succeeded  in  making  an  acid  of  pharmacopceial  strength, 
the  strongest  he  produced  being  about  65  per  cent.  Under  the 
pharmacopoeia  of  1880,  where  a  50  per  cent,  acid  was  directed,  the 
Markoe  process  was  feasible  for  the  retail  pharmacist,  but  now  that 
the  pharmacopoeia  demands  the  more  concentrated  form,  we  are 
brought  back  to  the  original  proposition  that  the  pharmacist  had 
better  purchase  his  phosphoric  acid.  Much  of  the  phosphoric  acid  of 
commerce  contains  arsenic,  and  the  origin  of  this  impurity  is  of 
interest  as  showing  how  persistently  impurities  may  sometimes  cling 
to  chemicals,  even  though  the  original  substance  has  undergone 
several  changes.  The  arsenic  in  the  phosphoric  acid  is  due  to  arsenic- 
contaminated  phosphorus.  The  phosphorus  obtains  it  from  arsenic- 
contaminated  sulphuric  acid,  while  the  sulphuric  acid  contaminated 
with  arsenic  is  usually  that  manufactured  from  iron  pyrites,  in  which 
the  arsenic  originally  occurred.  It,  therefore,  behooves  every 
careful  pharmacist  to  test  both  his  phosphoric  acid  and  his  sodium 
phosphate  for  arsenic  by  the  tests  prescribed  in  the  pharmacopoeia. 
(See  p.  974.) 

ACIDUM  PHOSPHORICUM  DILUTUM.     DUuted  Phosphoric  Acid. 

Diluted  Phosphoric  Acid  should  contain  10  per  cent.,  by  weight,  of  absolute 
Orthophosphoric  Acid  [H3PO4  or  P0(0H)3  =  97.29]  and  90  per  cent,  of  water. 

Recipe. — Phosphoric  Acid,  one  hundred  grammes 100  Gm. 

Distilled  Water,  seven  hundred  and  fifty  grammes. .  750  Gm. 


To  make  eight  hundred  and  fifty  grammes . .  850  Gm. 

Mix  them.     Keep  the  product  in  glass-stoppered  bottles. 
-     Specific  gravity:  about  1.057  at  25°  C.  (77°  F.). 

It  corresponds  in  chemical  properties  and  should  conform  to  the  reactions  and 
tests  given  under  Addum  Phosphoricum. 

Assay. — Details  in  Part  V. 

Remarks. — This  body  represents  the  strong  acid  diluted  with  a 
sufficient  quantity  of  water  to  make  it  contain  10  per  cent,  of  abso- 
lute H3PO4.  These  two  acids  are  employed  as  nervous  stimulants, 
although  for  such  purpose  that  popular  remedy,  acid  phosphates, 
is  more  frequently  employed.  A  recipe  for  this  preparation  may  be 
found  in  the  National  Formulary  under  the  title  of  liquor  acidi 
phosphorici.     (See  p.  407.) 

It  will  be  observed  that  the  theoretic  construction  of  the  phos- 
phoric acid  is  based  on  the  addition  of  three  molecules  of  water  to 
one  molecule  of  phosphoric  oxide,  this  yielding  H3PO4 — the  so-called 
orthophosphoric  acid.  As  explained  on  p.  373,  this  substance  is 
not  the  true  "  ortho-"  acid.  If  the  same  oxide  is  combined  with  one 
molecule  of  water,  the  following  reaction  occurs: 

P.O.,     +     H,0     =     2HP0,, 
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metaphosphoric  acid  being  formed.  This  metaphosphoric  acid  is 
called  glacial  phosphoric  acid,  because  on  cooling  it  becomes  a  trans- 
parent, ice-like  solid.  A  recipe  for  the  diluted  metaphosphoric  acid 
may  be  found  in  the  National  Formulary. 

Under  this  division  mention  may  be  made  of  pyrophosphoric  acid, 
H4P2O7.  The  composition  of  this  body  will  be  considered  when 
discussing  the  official  sodium  pyrophosphate  (p.  473),  and  mention 
s  here  made  merely  to  call  attention  to  the  test  distinguishing  between 
the  three  forms,  ortho-,  meta-,  and  p,?/ro-phosphoric  acids,  these  three 
being  also  called  respectively  the  tribasic,  monobasic,  and  the  tetra- 
basic  phosphoric  acids.  (See  p.  374.)  Orthophosphoric  acid  does 
not  coagulate  albumin  (white  of  egg),  and  forms  a  yellow  precipitate 
of  silver  phosphate  on  the  addition  of  silver  nitrate  solution.  Meta- 
phosphoric acid  coagulates  albumin,  and  gives  a  white  precipitate 
with  silver  nitrate,  while  pyrophosphoric  acid  does  not  coagulate 
albumin,  and  gives  a  white  precipitate  with  silver  nitrate.  Silver 
nitrate  reactions  also  apply  to  the  salts  of  these  acids,  but  the  albumin 
test  can  be  used  only  with  the  free  acids. 
Dose. — 2  Cc.  (30  minims). 


ACIDUM  HYPOPHOSPHOROSUM.     Hypophosphorous  Acid. 

A  liquid  composed  of  30  per  cent.,  by  weight,  of  absolute  Hypophosphorous 
Acid  [PO.H^COH)  =  65.53]  and  70  per  cent,  of  water.  It  should  be  kept  in  glass- 
stoppered  bottles. 

A  colorless  liquid,  without  odor,  and  having  an  acid  taste. 

Specific  gravity:  about  1.130  at  25°  C.  (77°  F.). 

Miscible,  in  all  proportions,  with  water.  Hypophosphorous  Acid,  even  when 
largely  diluted  in  water,  has  an  acid  reaction  upon  blue  litmus-paper. 

When  heated  in  a  porcelain  dish,  water  evaporates,  and  the  acid  becomes  more 
concentrated.  On  further  heating  between  130°  and  140°  C.  (266°  and  284°  F.), 
it  decomposes,  forming  hydrogen  phosphide,  which  ignites,  and  phosphorous  acid; 
the  latter  between  160°  and  170°  C.  (320°  and  338°  F.)  decomposes  into  hydrogen 

f)hosphide  and  phosphoric  acid;  the  pasty  residue  finally  reddens,  ignites,  and  the 
ast  portions  of  unoxidized  phosphorus  burn  out  at  a  higher  temperature. 

The  addition  of  silver  nitrate  T.S.  to  Hypophosphorous  Acid,  diluted  with  an 
equal  volume  of  water,  produces  a  black  precipitate  of  metallic  silver;  the  addition 
of  mercuric  chloride  T.S.,  a  white  precipitate  of  mercurous  chloride. 

When  the  Acid  is  gently  heated  with  copper  sulphate  T.S.,  a  yellow  precipitate 
forms,  which  rapidly  assumes  a  reddish-brown  color. 

Tests  for  Identity. — Given  above. 

Impurities. — Barium,  phosphoric,  phosphorous,  sulphuric,  oxalic, 
and  tartaric  acids,  heavy  metals,  potassium,  arsenic.  Details  of 
each  given  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  new  official  contains  30  per  cent,  of  absolute 
hypophosphorous  acid.  The  usual  method  of  manufacture  is  by  a 
modification  of  the  Fothergill  process,  potassium  hypophosphite 
being  treated  with  enough  tartaric  acid  to  precipitate  all  the  potassium 
in  the  form  of  insoluble  potassium  bitartrate,  the  recipe  given  by  the 
National  Formulary  being  based  on  this  reaction.  Among  other 
processes  which  have  been  suggested  is  the  treatment  of  calcium 
hypophosphite  with  oxalic  acid,  in  which  case  the  following  reaction 
occurs: 

Ca(PH,0,),     +     H,CjO«     =     2HPH,0,     +     CaC.O,. 
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The  calcium  oxalate  being  then  filtered  from  the  solution  of  the  acid. 
A  third  process  is  by  treatment  of  barium  hypophosphite  with  sul- 
phuric acid,  precipitated  barium  sulphate  being  removed  by  filtration. 
The  pharmacopoeia  writes  the  formula  of  hypophosphorous  acid 
HPHjOj.  This  is  because  it  has  but  one  replaceable  hydrogen. 
Its  composition  has  been  the  subject  of  considerable  discussion,  but 
now  its  graphic  formula  is  supposed  to  be 


P 


=0 
-OH 
-H 
-H 


The  valence  of  phosphorus  is  five,  just  as  in  phosphoric  acid.  This 
is  totally  different  from  what  we  usually  find  in  various  acids  of  the 
same  element,  and  constitutes  one  of  the  weak  points  in  the  valence 
theory. 

ACIDUM  HYPOPHOSPHOROSUM   DILUTUM.     Diluted  Hypophos- 
phorous Add. 

A  liquid  composed  of  10  per  cent.,  by  weight,  of  absolute  Hypophosphorous 
Acid  [PO.Hj(OH)  =  65.53]  and  90  per  cent,  of  water. 

Recipe. — Hypophosphorous  Acid,  two  hundred  grammes. . . .  200  Gm. 

Distilled  Water,  four  hundred  grammes 400  Gm. 

To  make  six  hundred  grammes . .  600  Gm. 

Mix  them.     Keep  the  product  in  well-stoppered  bottles. 
Specific  gravity:  about  1.042  at  25°  C.  (77°  F.). 

It  should  respond  to  the  reactions  and  tests  given  under  Acidum  Hypophos- 
phorosum. 

Assay. — Details  in  Part  V. 

Remarks. — This  10  per  cent,  acid  is  directed  in  the  present  pharma- 
copoeia to  be  made  by  diluting  the  official  stronger  acid.  Diluted 
hypophosphorous  acid  is  official  because  a  constituent  of  the  com- 
pound syrup  of  hypophosphites.  It  is  rarely  used  alone,  but  when 
it  is,  its  action  is  similar  to  that  of  the  better-known  hypophosphites 
of  the  alkalies. 

Dose. — 0.5  Cc.  (8  minims). 


CHAPTER   XXV 

THE  METALS— POTASSIUM 

The  elements  thus  far  considered  are  grouped  in  the  class  which 
are  called  non-metals  or  metalloids.  As  already  mentioned,  however, 
a  sharp  distinction  between  the  positive  and  the  negative  elements  is 
a  matter  of  consi4erable  difficulty,  and  even  so  it  is  difficult  to  decide 
whether  a  given  element  is  metallic  or  non-metallic.     In  choosing  a 
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definition  for  the  metals,  about  all  that  can  be  said  is  that  those 
substances  are  metals  which  possess  a  metallic  lustre  and  which  are 
good  conductors  of  electricity.  Their  oxides,  when  they  dissolve 
in  water,  usually  have  an  alkaline  reaction,  although  several  of  the 
elements  which  we  are  now  to  consider  will  be  found  to  possess  oxides 
which  are  more  acid  than  basic.  It,  therefore,  resolves  the  definition 
to  the  one  statement  that  metals  aie  good  conductors  of  electricity. 

The  alkaline  metals  are  the  group  of  elements,  lithium,  sodium, 
and  potassium,  to  which  is  added  the  radical,  ammonium  (NH^),  it  pos- 
sessing properties  so  similar  to  the  three  metals  just  mentioned  that  its 
compounds  are  considered  with  them.  It  might  be  added,  too,  that 
the  rare  elements  rubidium  and  caesium  belong  to  this  group,  but 
since  they  have  no  pharmaceutic  application,  nothing  need  be  said 
of  them  in  this  work. 

These  alkaline  metals  possess  many  characteristics  in  common. 
They  all  possess  the  valence  i,  are  soft  and  easily  oxidizable  substances, 
and  are  the  only  metals  whose  carbonates  are  soluble.  This  fact  is 
used  in  analytic  chemistry  for  separating  the  salts  of  these  four 
metals  from  the  other  metals,  as  will  be  seen  on  p.  984. 

POTASSIUM 
Symbol,  K.     Atomic  weight,  approximately  39 

This  element  is  found  in  carnallite,  which  is  a  mixture  of  potassium 
and  magnesium  chlorides,  and  in  sylvite,  which  is  chiefly  potassium 
chloride — these  two  ores  are  obtained  from  the  mines  of  Stassfurt, 
Germany.  Another  source  of  potassium  is  suint,  or  the  washings  of 
wool.  The  freshly  sheared  wool  is  roughly  cleaned  by  washing  in 
water,  the  washings  are  then  concentrated,  and  from  them  is  obtained 
wool-fat  by  extraction  with  the  proper  solvent.  In  the  residue  is 
found  potassium  in  sufficiently  large  amounts  to  be  a  commercial 
source  of  the  element.  Potassium  carbonate  is  also  extracted  from 
the  residues  in  the  manufacture  of  beet-sugar  (vinasse),  while  large 
amounts  are  obtained  from  ashes  of  wood  by  lixiviation. 

Potassium  was  isolated  by  Sir  Humphrey  Davy  in  1807  in  his 
classic  researches  in  electricity.  He  submitted  potassa  to  electrolysis, 
placing  a  small  lump  on  a  piece  of  platinum  foil,  which  was  then 
connected  with  the  negative  pole  of  the  battery.  Bringing  the 
positive  pole  in  contact  with  the  potassa  the  latter  dissociated  and 
small  globules  of  metallic  potassa  were  formed. 

The  electrolysis  of  potassium  in  Davy's  day  was  too  expensive 
a  process  for  commercial  application,  and  the  metal  was  first  produced 
commercially  by  Brunner  by  another  process — by  heating  potassium 
carbonate  with  carbon  in  a  retort  to  1000°  C,  when  potassium  and 
carbon  monoxide  were  produced,  as  shown  in  the  following  equation: 

KjCOs     +    Cj     =     K     +    SCO. 

This  process  is  accompanied  with  danger,  inasmuch  as  carbon 
monoxide  forms  with  potassium,  as  well  as  with  several  other  metals 
(copper,  for  example),  well-defined  solid  carbonyl  derivatives.  In 
the  isolation  of  potassium  the  carbonyl,  KCO,  clogs,  up  the  delivery 
tube  leading  from  the  retort,  and  with  the  stoppage  of  this  outlet 
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explosion  of  the  retort  occurs.  This  danger. has  been  avoided  by 
arranging  the  apparatus,  whereby  a  plunger  is  made  to  fit  in  the 
delivery  tube,  and  by  passing  this  plunger  up  and  down  the  obstruc- 
tions were  removed.  It  should  have  been  stated  that  the  delivery 
tube  terminates  in  a  vessel  containing  liquid  petroleum  or  benzin, 
in  order  that  the  potassium  will  be  condensed  in  a  medium  by  which 
it  is  not  affected,  and  which  will  protect  it  from  atmospheric  action. 

Potassium  is  now  being  made  on  a  large  scale  by  electrolysis  of 
potassium  hydrate,  the  reduction  in  the  cost  of  the  production  of 
electricity  since  Davy's  day  permitting  the  commercial  application  of 
Davy's  process. 

Potassium  is  a  silvery  metal,  of  the  consistence  of  wax,  hence  it 
can  be  readily  cut  with  a  knife.  A  freshly  cut  surface,  after  exposure 
to  air,  becomes  white  and  granular,  due  to  the  formation  of  the 
potassium  carbonate.  Metallic  potassium  combines  so  readily  with 
oxygen  that  when  exposed  to  the  air  the  action  is  so  energetic  that  the 
metal  burns.  Likewise,  when  the  metallic  potassium  is  thrown  on 
the  surface  of  water  it  combines  with  the  same,  forming  potassium 
hydroxide,  as  shown  in  the  following  equation: 

K     +     H^O     =     KOH     +    H, 

and  the  heat-  of  the  reaction  is  sufficient  to  cause  an  ignition  of  the 
hydrogen,  which  burns  with  explosive  violence.  Hence  great  care 
should  be  taken  in  the  handling  of  potassium,  and  particular  caution 
must  be  exercised  in  combining  same  with  water.  For  this  reason 
the  metallic  potassium  is  always  kept  under  substances  devoid  of 
oxygen,  such  as  benzin  or  petroleum. 

The  statements  just  given  emphasize  the  care  to  be  used  in 
handling  potassium.  In  weighing  it  one  rapidly  cuts  from  the  piece 
the  oxidized  exterior  and  then  presses  the  pure  metal  of  the  interior 
rapidly  between  filter-paper  to  remove  the  last  traces  of  the  liquid 
in  which  it  has  been  kept.  Thus  it  can  be  weighed  upon  a  watch-glass, 
although  in  cases  of  large  quantities  it  is  best  to  weigh  same  under 
petroleum,  leaving  the  drying  of  the  metal  until  it  has  been  weighed. 

The  tests  for  potassium  are,  first,  the  characteristic  crystalline 
precipitate  that  potassium  salts  yield  with  platinic  chloride.  The 
separation  of  this  precipitate  is  facilitated  by  the  addition  of  a  few 
drops  of  alcohol  to  the  concentrated  aqueous  solution.  Another  test 
is  the  white,  crystalline  precipitate  of  cream  of  tartar,  produced  when 
a  potassium  salt  is  brought  in  contact  with  the  proper  quantity  of 
tartaric  acid,  as  shown  in  the  following  equation: 

KCl     +     H^C^HA     =     KHC.HA     +     HCl, 

One  of  the  most  sensitive  tests  is  the  violet  tint  imparted  to  a  color- 
less flame. 

THE    OFFICIAL   COMPOUNDS  AND   PREPARATIONS   OF  POTASSIUM 

Potassium  acetate,  98  per  cent,  absolute  KC2H3O2. 
Potassium  bicarbonate,  99  per  cent,  absolute  KHCO3. 
Potassium  bitartrate,  99  per  cent,  absolute  KHC4H4O,. 
Potassium  bromide,  97  per  cent,  absolute  KBr. 
Potassium  carbonate,  98  per  cent,  absolute  KjCOj. 
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Potassium  chlorate,  99  per  cent,  absolute  KCIO3. 

Lozenges  of  potassium  chlorate.     Pharmaceutic. 

Potassium  citrate,  99  per  cent,  absolute  K3C8H5O7H2O. 

Effervescent  potassium  citrate  contains  20  per  cent,  official  citrate. 

Solution  of  potassium  citrate  contains  8  per  cent,  anhydrous  citrate. 

Potassium  cyanide,  95  per  cent,  absolute  KCN. 

Potassium  dlchromate,  99  per  cent,  absolute  ELjCrjO,. 

Potassium  and  sodium  tartrate,  99  per  cent,  absolute  KNaC4H40g4H20. 

Potassium  ferrocyanide,  99  per  cent,  absolute  K4Fe(CN)83H20. 

Potassium  hydroxide,  85  per  cent,  absolute  KOH. 

Solution  of  potassium  hydroxide  contains  5  per  cent,  official  hydroxide. 

Potassium  hypophosphite,  98  per  cent,  absolute  KPHjOj. 

Potassium  iodide,  99  per  cent,  absolute  KI. 

Ointment  of  potassium  iodide,  containing  10  per  cent,  official  potassium  iodide. 

Potassium  nitrate,  99  per  cent,  absolute  KNO3. 

Potassium  permanganate,  99  per  cent,  absolute  KMnO^. 

Potassium  sulphate,  99  per  cent,  absolute  KaSO^. 

We  might  also  add — 

Iron  and  potassium  tartrate  (considered  among  the  iron  salts). 

Aluminum  and  potassium  sulphate  (considered  among  the  aluminum  salts). 

Solution  of  potassium  arsenite  (considered  among  the  arsenic  salts). 

In  going  over  the  preparations  of  each  metal  we  can  usually  note  a  certain  salt  of 
the  metal  that  is  used  in  making  the  other  salts  of  the  same  metal.  Thus,  with  the 
alkalies  the  carbonates  are  the  salts  usually  employed.  The  salt  thus  selected  as  a 
"stock  salt"  is  chosen  for  the  most  practical  reasons.  Among  the  deciding  factors, 
cheapness  and  easy  decomposition  are  the  most  important.  Thus,  with  the  alkalies, 
the  chlorides  are  the  most  abundant  salts,  but  since  they  are  not  easily  decomposed, 
they  are  converted  into  carbonates,  which  are  generally  used.  But  besides  these 
two  factors  other  considerations  come  into  play.  Thus,  in  making  potassium  com- 
pounds the  carbonate  itself  is  not  usually  employed,  because  it  is  quite  deliquescent 
and  difficult  to  purify,  therefore  the  bicarbonate,  which  occurs  in  handsome  crystals, 
is  selected.  Hence,  mere  cheapness  is  not  the  absolute  guide  in  the  choice  of  material, 
but  utility,  average  purity,  and  ease  of  action  are  among  the  other  factors  considered. 

POTASSII  HYDROXIDUM.    Potassium  Hydroxide. 

KOH  =  55.74 
[PoTASSA,  Pharm.  1890] 

It  should  contain  not  less  than  85  per  cent,  of  pure  anhydrous  Potassium  Hy- 
droxide, and  not  more  than  2  per  cent,  of  other  inorganic  substances,  with  the  excep- 
tion of  water.     It  should  be  kept  in  well-stoppered  bottles  made  of  hard  ^lass. 

Dry,  white  flakes,  fused  masses,  or  in  pencils,  hard  and  brittle,  showing  a  crys- 
talline fracture;  odorless,  or  having  a  faint  odor  of  lye,  and  of  a  very  acrid  and  caustic 
taste.  Great  caution  is  necessary  in  tasting  and  handling  it,  as  it  rapidly  destroys 
organic  tissues.  Exposed  to  the  air,  it  readily  absorbs  carbon  dioxide  and  moisture, 
and  deliquesces. 

Soluble  in  about  0.4  part  of  water  at  25°  C.  (77°  F.),  and  in  2  parts  of  alcohol; 
very  soluble  in  boiling  water  and  in  boiling  alcohol;  slightly  soluble  in  ether. 

When  heated  to  about  530°  C.  (986°  F.),  Potassium  Hydroxide  melts  to  a  clear, 
oily  liquid,  and  at  a  bright  red  heat  is  volatilized  unchanged.  When  introduced  into 
a  non-luminous  flame,  it  imparts  to  it  a  violet  color. 

A  solution  of  Potassium  Hydroxide,  even  when  greatly  diluted,  gives  an  intensely 
alkaline  reaction  with  red  litmus-paper. 

The  aqueous  solution  (1  in  20)  should  be  perfectly  clear  and  colorless. 

A  concentrated  solution  of  Potassium  Hydroxide,  after  acidulation  with  hydro- 
chloric acid,  yields  a  bright  yellow  precipitate  with  platinic  chloride  T.S. 

A  concentrated  aqueous  solution  (1  in  10),  when  added  to  an  excess  of  tartaric 
acid  T.S.,  produces  a  white,  crystalline  precipitate,  which  redissolves  when  the 
Potassium  Hydroxide  is  added  in  excess. 

28 
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Tests  for  Identity. — Given  above. 

Impurities.— B.esivy  metals,  no  excess  of  carbonate.  Details 
of  these  tests  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — The  official  chemical  must  contain  at  least  85  per  cent, 
potassium  hydroxide,  a  100  per  cent,  specimen  being  almost  impossi- 
ble except  when  just  solidified,  as  it  rapidly  absorbs  water  from  the 
air. 

Potassium  hydroxide,  usually  made  by  the  evaporation  of  a 
solution  of  potassa,  the  manufacture  of  which  will  be  given  below. 
Official  potassa  usually  comes  into  the  market  in  the  form  of  cylindric 
sticks,  about  ^  inch  in  diameter,  these  being  made  by  melting  the 
potassa  and  pouring  into  molds.  The  fusion  of  the  potassa  is  an 
operation  which  must  be  carefully  conducted,  as  the  molten  mass 
makes  a  very  painful  burn. 

Potassa  is  very  deliquescent,  and  therefore  must  be  kept  in  well- 
stoppered  bottles.  It  is  a  practice,  on  the  first  opening  of  a  bottle  of 
potassa,  to  seal  it  with  a  considerable  quantity  of  wax,  so  that  on 
opening  at  later  periods  an  air-tight  joint  can  be  renewed  by  simply 
passing  a  hot  spatula  over  the  wax. 

Potassa  is  considerably  used  in  chemical  manufacturing,  as  will 
be  noted  in  the  following  pages.  Its  volumetric  solution  (see  p.  993) 
is  used  for  estimating  the  strength  of  acids.  Medicinally,  potassa 
is  used  externally  as  a  caustic,  the  official  sticks  being  brought  in 
direct  contact  with  the  surface  desired  to  be  burned.  Its  action, 
however,  is  so  severe  that  in  modern  medicine  its  use  is  comparatively 
rare.  The  internal  administration  of  potassa  is  always  in  the  form 
of  the  official  solution. 

It  will  be  noted  that  the  present  pharmacopoeia  calls  potassa 
"potassium  hydroxide,"  and  not  potassium  hydrate,  the  same  rule 
being  true  of  all  metallic  hydrates.  (See  Sodium  Hydroxide,  Ferric 
Hydroxide,  etc.)  This  is  in  line  with  the  modern  chemical  nomencla- 
ture, which  attempts  to  limit  the  word  hydrate  to  water  of  crystalliza- 
tion.    (See  p.  147.) 

POTASSA   CUM  CALCE  (U.  S.  P.  1890).     Potassa  with  Lime. 

The  preparation,  which  was  recognized  by  the  pharmacopceia  of  1890,  represents 
the  official  potassa  diluted  with  its  own  weight  of  freshly  burned  lime,  the  two  being 
rubbed  together  in  a  warm  iron  mortar  until  a  powder  is  formed.  This  preparation 
is  supposed  to  be  used  as  a  caustic  in  preference  to  the  pure  potassa.  It  is  never  used 
internally. 

LIQUOR  POTASSII  HYDROXIDI.     Solution  of  Potassium  Hydroxide. 

[Liquor  Potass^,  Pharm.  1890] 

An  aqueous  solution,  containing  about  5  per  cent,  of  Potassium  Hydroxide 
[KOH  =  55.74]. 

Recipe. — Potassitun  Hydroxide,  sixty  grammes 60  Gm. 

Distilled  Water,  nine  hundred  and  forty  grammes. .     940  Gm. 
To  make  one  thousand  grammes . .   1000  Gm. 

Dissolve  the  Potassium  Hydroxide  in  the  Distilled  Water. 

The  Potassium  Hydroxide  used  in  this  process  should  be  of  the  full  strength  and 
quality  directed  by  the  Pharmacopoeia  (85  per  cent.).     Potassium  Hydroxide  of 
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any  other  strength,  however,  may  be  used,  if  a  proportionately  larger  or  smaller 
quantity  be  taken,  the  proper  amount  for  the  above  formula  being  ascertained  by 
dividing  5100  by  the  percentage  of  absolute  Potassuim  Hydroxide  contained  therein. 

Solution  of  Potassium  Hydroxide  should  be  kept  in  bottles  made  of  green  glass, 
and  provided  with  glass  stoppers  coated  with  paraffin  or  petrolatum. 

A  clear,  colorless  liquid,  odorless,  having  a  very  acrid  and  caustic  taste,  and  a 
strongly  alkaline  reaction. 

Specific  gravity:  about  1.046  at  25°  C.  (77°  F.). 

It  should  conform  to  the  reactions  and  tests  for  an  aqueous  solution  of  potas- 
sium hydroxide  given  under  Potassii  Hydroxidum. 

Assay. — Details  in  Part  V. 

Remarks. — This  preparation,  commonly  called  solution  of  potassa, 
is  now  directed  to  be  made  by  the  simple  solution  of  stick  caustic 
potash  (potassium  hydroxide  of  the  present  pharmacopoeia)  in  water. 
The  recipe  of  the  U.  S.  P.  1890,  given  in  detail  in  Part  VII,  consists 
of  a  double  decomposition  between  potassium  bicarbonate  and  cal- 
cium hydroxide,  as  shown  in  the  following  equation: 

KHCO3     +     Ca(0H)2     =     CaCOa     +     KOH     +     H^O. 

Let  us  make  this,  if  possible,  still  clearer  by  graphic  expression: 


Potassium 
bicarbonate. 

K 

H 

CO3 

KHCO, 


+ 


Calcium 
hydrate. 

OH 
OH 
Ca 

Ca(0H)3 


KOH       Potassium  hydrate. 
=       HOH       Water. 

CaCOs      Calcium  carbonate. 


Note  that  in  figuring  out  these  processes  it  is  the  practical,  rather 
than  the  theoretic,  side  that  is  considered.  The  compounds  used  are 
always  the  cheapest  that  will  answer  satisfactorily.  Thus  in  the 
process  just  given,  magnesium  hydroxide  could  be  used  just  as  well 
as  that  of  calcium,  but  it  is  not  merely  because  it  is  no  better  for  the 
purpose  than  slaked  lime  and  it  costs  much  more. 

It  will  be  noticed  that  the  calcium  is  removed  in  the  form  of  an 
insoluble  calcium  compound,  leaving  nothing  in  solution  but  potas- 
sium hydroxide,  provided  that  the  proper  molecular  proportions 
are  employed. 

Solution  of  potassa  is  a  colorless  liquid,  having  a  very  acrid 
caustic  taste  and  strongly  alkaline  reaction.  It  is  so  strongly  alkaline 
that  it  attacks  the  glass  of  the  bottles  in  which  it  is  kept,  forming 
therein  a  precipitate  of  potassium  silicate.  For  the  same  reason  it 
causes  the  glass  stopper  to  adhere  to  the  neck  of  the  bottle.  There- 
fore, if  the  solution  is  kept  in  glass-stoppered  bottles,  the  stoppers 
would  be  protected  by  being  smeared  with  petrolatum. 

For  the  purposes  of  the  practical  pharmacist  the  method  of  manu- 
facture of  the  present  pharmacopoeia  is  better  than  the  chemical  proc- 
ess given  above,  as  large  quantities  of  the  solution  of  potassa  should 
not  be  kept  on  hand,  owing  to  the  fact  that  it  rapidly  deteriorates  in 
strength,  and  the  present  official  process  affords  an  easy  method  of 
making  up  small  quantities. 

Solution  of  potassa  is  used  as  an  antacid. 

Dose. — 1  Cc.  (15  minims)  largely  diluted  in  water. 

In  cases  of  poisoning  by  potassa  or  its  solution  the  antidote  is 


436  PRINCIPLES  OF  PHARMACY 

that  used  for  all  caustic  alkalies,  namely,  a  mild  acid,  such  as  vinegar 
or  lemon-juice. 

Note  that  potassium  and  potassa  are  not  the  same.  Potassium 
is  the  element — the  light  alkali  metal  of  the  symbol  K.  Potassa,  or 
caustic  potash,  is  the  hydroxide  of  potassium,  its  formula  being  KOH. 
Abandon  the  antiquated  habit  of  saying  ''chlorate  of  potash," 
"carbonate  of  potash,"  and  so  on.  Say  ''potassium  chlorate,"  or 
potassium  carbonate,"  and  thus  have  labels  printed,  gradually  edu- 
cating the  public.  The  question  of  label  printing  deserves  more  time 
than  is  usually  given  it.  We  take  the  labels  as  the  printer  sees  fit 
to  spell  them,  because,  forsooth!  they  are  cheap. 

Shop  labels  should  follow  pharmacopoeial  changes,  and  in  so  doing 
it  is  best  to  have  both  the  old  and  the  new  names  on  the  label,  as 
suggested  below;  for  some  conservative  people  would  be  suspicious 
were  only  the  new  name  on  the  label.  The  suggested  label  is  as 
follows: 


POTASSIUM  CHLORATE. 

(Chlorate  of  Potash.) 


POTASSA  SULPHURATA  (U.  S.  P.  1890).     Sulphurated  Potassa. 

This  product,  which  was  recognized  by  the  former  pharmacopoeia,  was  dropped 
at  the  last  revision.  It  is  made  by  heating  together  potassium  carbonate  and  sub- 
limed sulphur  in  a  covered  crucible  until  the  mass  is  in  a  state  of  perfect  fusion. 

According  to  the  proportional  quantities  of  tlie  ingredients,  and  also  the  amount 
of  heat  employed,  any  of  the  following  reactions  may  occur: 


I. 

3K2C03    +    6S2    =    2K2S5    +    K2S203 

+     3CO2. 

11. 

3K3CO3     +     4Se     =     2K2S3     +     K^SjOj 

+     3CO2. 

111. 

4K2CO3     +     5S2     =     3K,S3     +     K2SO, 

+     400^. 

This  shows  that  sulphurated  potassa  is  not  a  definite  chemical,  but  a  mixture 
of  the  polysulphides,  the  sulphate,  and  the  tliiosulphate  of  potassium. 

Sulphurated  potassa,  when  freshly  prepared,  is  in  the  form  of  irregular  pieces, 
of  a  liver-brown  color,  and  from  the  last  fact  it  has  been  given  the  synonym  liver  of 
sidphur.  On  exposure  to  air,  however,  it  absorbs  moisture,  oxygen,  and  carbon 
dioxide,  changes  to  a  greenish  yellow,  and  eventually  to  a  gray  mass,  the  latter 
consisting  of  potassium  carbonate,  hyposulphite,  and  sulphate.  It  is  needless  to 
say  that  only  the  liver-colored  preparation  should  be  dispensed,  and  this  necessity 
renders  the  preparation  ineligible.  The  manufacture  of  it  by  the  retail  pharmacist 
is  a  matter  of  considerable  difficulty  and  uncertainty,  and  yet  if  purchased  in  pound 
lots  from  the  manufacturer,  it  becomes  useless,  or  almost  so,  before  a  quarter  has 
been  used;  moreover,  there  is  no  satisfactory  method  of  preserving  it. 

Sulphurated  potassa  is  used  under  the  name  of  potassmm  sulphide  as  a  laxative, 
being  given  in  doses  of  5  grains  (0.3  Gm.). 

POTASSII  ACETAS.     Potassium  Acetate. 

KC2H3O2   =  97.44 

It  should  contain,  when  thoroughly  dried,  not  less  than  98  per  cent,  of  pure 
Potassiuni  Acetate  [CH3.COOK],  and  should  be  kept  in  well-stoppered  bottles. 

A  white  powder,  or  in  crystalline  masses  of  a  satin-like  lustre,  odorless,  and 
having  a  warming,  saline  taste.     Very  deliquescent  on  exposure  to  the  air. 

Soluble  in  0.4  part  of  water  and  in  2  parts  of  alcohol  at  25°  C.  (77°  F.);  with 
increasing  temperature  it  becomes  much  more  soluble  in  both  liquids. 
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When  heated  to  292°  C.  (557.6°  F.)  the  salt  fuses.  At  a  higher  temperature 
it  decomposes,  blackens,  and  evolves  vapors  having  an  empyreumatic  odor  (an 
alliaceous  odor  would  indicate  the  presence  of  arsenic),  and,  finally,  if  ignited  on 
platinum,  it  leaves  a  white  residue,  which  should  be  completely  soluble  in  water. 

The  aqueous  solution  (1  in  20)  is  alkahne  to  red  litmus-paper,  but  does  not 
affect  phenolphthalein  T.S. 

Tests  for  identity  of  potassium  and  acetic  acid  in  Part  V. 
Impurities. — Heavy  metals  and  arsenic.     Details  in  Part  V. 
Assay. — Details  in  Part  V. 

Remarks. — This  salt  is  made  by  the  treatment  of  potassium 
bicarbonate  with  acetic  acid,  as  shown  in  the  following  equation: 

KHCOs     +     HC2H3O2     =     KCjHaOj     +     CO^     +     HJO. 

The  potassium  acetate  remains  in  the  solution,  while  the  carbon 
dioxide  escapes  in  gaseous  form,  with  copious  effervescence.  The 
solution  of  potassium  acetate  is  then  evaporated  to  dryness  on  a 
water-bath  and  immediately  bottled. 

Potassium  acetate  appears  in  the  form  of  granules,  odorless,  and 
having  a  warm,  saline  taste.  It  is  an  extremely  deliquescent  salt, 
hence  must  always  be  kept  in  dry  containers  which  are  well  sealed. 
It  is  given  as  a  refrigerant  and  mild  laxative. 

Dose. — 2  Gm.  (30  grains). 

Potassium  arsenite,  KjHAsOg  or  KAsOj,  is  official  in  the  form  of 
Fowler's  solution,  liquor  potassii  ar senilis  (U.  S.  P.).  This  prepara- 
tion will  be  discussed  among  the  arsenic  compounds. 


POTASSII   BICARBONAS.     Potassium  Bicarbonate. 

KHCO3  =  99.41 

It  should  contain  not  less  than  99  per  cent,  of  pure  Potassium  Bicarbonate 
[CO(OH)(OK)]  and  should  be  kept  in  weU-stoppered  bottles. 

Colorless,  transparent,  monoclinic  prisms,  or  a  colorless,  odorless,  granular 
powder,  having  a  saline  and  slightly  alkaline  taste.     Permanent  in  the  air. 

Soluble  in  about  3  parts  of  water  at  25°  C.  (77°  F.)  and  in  1.9  parts  at  50°  C. 
(122°  F.).  At  a  higher  temperature  the  solution  rapidly  loses  carbon  dioxide, 
and,  after  being  boiled,  contains  only  potassium  carbonate.  Almost  insoluble 
in  alcohol. 

The  dry  salt  begins  to  lose  carbon  dioxide  at  100°  C.  (212°  F.),  and  this  loss 
increases  at  a  higher  temperature,  until,  at  a  red  heat,  the  salt  has  lost  30.96  per  cent, 
of  its  original  weight,  leaving  a  residue  of  carbonate. 

The  concentrated  aqueous  solution  of  the  salt  is  slightly  alkaline  to  litmus- 
paper,  but  neutral  to  phenolphthalein  T.S. 

Tartaric  acid  T.S.,  added  in  excess  to  the  concentrated  aqueous  solution,  pro- 
duces a  white,  crystalline  precipitate. 

Tests  for  Identity. — Given  above. 

Impurities. — Excess  of  carbonate  and  heavy  metals.  Details  in 
Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  salt  is  made  by  exposing  the  carbonate  to  the 
action  of  carbonic  acid  gas. 

In  expressing  the  reaction  by  simple  addition,  it  is  easy  to  see  why 
the  product  is  called  bicarbonate. 
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The  reaction  is: 

Potassium  carbonate.' KjCOj 

Plus  carbonic  acid HgCOg 

Equals KjHjCCOj), 

or  two  molecules  of  potassium  bicarbonate . .       2KHC0j 

This  shows  that  the  bicarbonate  really  does  contain  twice  as  much 
carbonic  acid  as  does  the  normal  carbonate,  a  fact  that  is  true  of  all 
salts  bearing  the  prefix  "bi."  Formerly  this  process  was  carried  on, 
suspending  the  carbonate  in  sacks  over  the  fermenting  vats  of  a 
brewery,  and  the  crude  bicarbonate  thus  obtained  was  placed  on  the 
market  under  the  name  of  saleratus.  At  present  the  demand  for 
saleratus  is  not  large,  and  the  carbonating  is  performed  with  carbon 
dioxide  obtained  from  other  sources,  the  resulting  bicarbonate  being 
purified  by  crystallization. 

So  many  of  our  pharmaceutic  chemicals  depend  upon  water  for 
their  crystalline  form  that  it  is  well  to  call  attention  to  the  fact  that 
water  is  not  essential  in  the  formation  of  all  crystals,  potassium 
bicarbonate  being  an  illustration  of  a  chemical  in  well-defined  crystals 
containing  no  water. 

Potassium  bicarbonate  is  an  antacid.  It  is  not  often  adminis- 
tered, its  chief  use  being  for  the  manufacture  of  other  potassium 
compounds,  as  explained  above.  It  might  be  noted  that  it  is  used 
as  a  carbonating  agent  in  the  manufacture  of  the  solution  of  magne- 
sium citrate. 

Dose. — 2  Gm.  (50  grains). 

POTASSII   BITARTRAS.     Potassium  Bitartrate. 

KHQH.Oe  =   186.78 

It  should  contain  not  less  than  99  per  cent,  of  pure  Potassium  Bitartrate  [CjHj- 
(0H)2(C00H)(C00K)]  and  should  be  kept  in  well-stoppered  bottles. 

Colorless  or  slightly  opaque,  rhombic  crystals,  or  a  white,  somewhat  gritty 
powder,  odorless,  and  having  a  pleasant,  acidulous  taste.     Permanent  in  the  air. 

Soluble  in  about  200  parts  of  water  at  25°  C.  (77°  F.)  and  in  16.7  parts  of 
boiling  water;  very  sparingly  soluble  in  alcohol. 

When  a  small  portion  of  the  salt  is  heated  on  platinum  foil,  it  chars  and  emits 
inflammable  vapors  having  the  odor  of  burning  sugar.  At  a  higher  temperature, 
with  free  access  of  air,  the  carbon  of  the  black  residue  is  oxidized,  and  a  white,  fused 
mass  remains,  which  has  an  alkaline  reaction  and  effervesces  strongly  with  acids. 

The  aqueous  solution  of  the  salt  has  an  acid  reaction  upon  blue  litmus-paper. 

A  solution  of  0.5  Gm.  of  the  salt  in  3  Cc.  of  ammonia  water  should  leave  no 
insoluble  residue  (absence  of  starch,  kaolin,  calcium  phosphate,  and  other  insoluble 
matter). 

Tests  for  identity  of  potassium  and  tartaric  acid  in  Part  V. 

Impurities. — Starch,  kaolin,  calcium  phosphate,  and  other  in- 
soluble matter;  tests  given  above.  Heavy  metals,  ammonia,  and 
phosphates.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Potassium  bitartrate  (or  cream  of  tartar)  occurs  in  the 
form  of  a  white,  gritty  powder;  it  is  also  seen  in  the  form  of  small 
rhombic  crystals,  although  this  form  is  comparatively  rare.  It  is 
the  one  official  potassium  compound  which  is  sparingly  soluble  in 
water,  one  part  requiring  200  parts  of  water  at  25°  C.  to  dissolve  it. 
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The  sparing  solubility  of  cream  of  tartar  is  utilized  in  the  manufacture 
of  hydrobromic  and  other  acids  by  the  precipitation  process.  (See 
p.  413.)  The  fact  just  stated,  however,  that  it  does  sparingly  dissolve 
in  water,  shows  us  that  hydrobromic  acid  made  by  the  Fothergill 
process  will  be  contaminated  with  bitartrate. 

Cream  of  tartar  is  one  of  the  most  popular  refrigerants  and 
laxatives,  being  esteemed  for  sluggishness  of  the  blood  occurring 
during  the  spring  and  summer  in  warm  climates.  In  such  cases  it  is 
frequently  administered  in  the  form  of  lemonade,  being  combined 
with  sugar  and  water,  and  possibly  tamarinds,  and  the  mixture 
taken  in  doses  ranging  from  a  wineglass  to  a  cupful.  Cream  of 
tartar  is  a  constituent  of  compound  jalap  powder. 

Dose. — As  diuretic,  2  Gm.  (30  grains). 

POTASSII   BROMIDUM.     Potassium  Bromide. 

KBr  =   118.22 

It  should  contain  not  less  than  97  per  cent,  of  pure  Potassium  Bromide  and 
should  be  kept  in  well-st(5ppered  bottles. 

Colorless,  or  white,  cubical  crystals,  or  a  granular  powder;  odorless  and  having 
a  strongly  saline  taste.     Permanent  in  the  air. 

Soluble  in  about  1.5  parts  of  water  and  in  about  180  parts  of  alcohol  at  25°  C. 
(77°  F.);  in  less  than  1  part  of  boiling  water  and  in  16  parts  of  boiling  alcohol;  also 
soluble  in  glycerin. 

On  heating  the  salt  upon  platinum  foil  it  decrepitates;  and  at  a  temperature 
near  700°  C.  (1292°  F.)  it  fuses  without  decomposing,  and  at  a  bright  red  heat 
volatilizes,  communicating  a  violet  color  to  the  flame. 

Its  aqueous  solution  (1  in  20)  is  neutral,  or  has  only  a  scarcely  perceptible  alkaline 
reaction  upon  litmus-paper. 

If  1  Gm.  of  Potassium  Bromide  be  dissolved  in  10  Cc.  of  water  and  0.1  Cc.  of 
tenth-normal  sulphuric  acid  V.S.  be  added,  no  color  should  be  produced  by  the 
subsequent  addition  of  a  drop  of  phenolphthalein  T.S.,  even  after  heating  (limit 
of  alkali). 

Tests  for  identity  of  potassium  and  bromide  in  Part  V. 

Impurities. — Bromate,  iodides,  heavy  metals,  and  barium.  De- 
tails of  testing  in  Part  V.     Excess  of  alkali,  see  above. 

Assay. — Details  in  Part  V. 

Remarks. — This  valuable  salt  is  prepared  in  two  ways:  The  first 
process  is  the  formation  of  ferrous  bromide  from  iron  and  bromine, 
and  the  decomposition  of  this  ferrous  bromide  by  treatment  with 
potassium  carbonate,  the  two  reactions  being  as  follows: 


Fe 

Iron. 


+         Br,       = 
Bromine. 


FeBr^ 
Ferrous  bromide. 


II.     FeBr,     +     K^COs     =     FeCOs     +     2  KBr 
Ferrous  Potassium  Ferrous  Potassium 

bromide.  carbonate.         carbonate.  bromide. 


The  double  decomposition  between  ferrous  bromide  and  potassium 
carbonate  works  admirably,  as  the  insoluble  ferrous  carbonate 
precipitates,  leaving  only  potassium  bromide  in  solution.  This  is 
filtered  and  the  bromide  crystallized  out. 

The  second  process  is  a  little  more  complicated,  but  highly  instruc- 
tive. In  the  first  stage,  potassium  hydroxide  is  treated  with  bromine, 
thus: 

6K0H     -I-     6Br     =     5KBr     +     KBrO,     +     3H,0. 
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We  get  potassium  bromide,  KBr,  contaminated  with  potassium 
bromate,  KBrOg,  which  is  a  salt  of  bromic  acid,  HBrOj,  which  is 
derived  from  bromic  oxide,  BrjOj,  in  which  compound  bromine  shows 
the  valence  v. 

Bromic  oxide BrjOs 

Plus  Water Hg      O 

Equals HjBr^Og 

or  two  molecules  of  bromic  acid. . . .  2H  Br  O3 

This  bromate  is  an  undesirable  addition  to  the  bromide,  and  must 
be  converted  into  the  latter.  If  we  compare  the  formula  of  the 
bromide,  KBr,  with  that  of  the  bromate,  KBrOg,  we  find  the  latter 
differs  from  the  former  only  by  having  oxygen.  This  oxygen  must  be 
removed,  and  this  is  accomplished  by  the  process  of  reduction,  the 
reducing  agent  employed  being  carbon  or  charcoal,  just  as  in  the 
manufacture  of  sulphurous  acid,  the  reaction  being  as  follows: 

KBrOa     +     C3     =     KBr     +     SCO. 

Potassium  bromide  is  used  as  a  sedative  and  nervine,  and  is  frequently 
administered  in  combination  with  chloral. 
Dose. — 1  Gm.  (15  grains). 

POTASSII   CARBONAS.     Potassium  Carbonate. 

K2CO3  =  137.27 

It  should  contain,  when  thoroughly  dried,  not  less  than  98  per  cent,  of  pure 
Potassium  Carbonate  [C0(0K)2]  ana  should  be  kept  in  well-stoppered  bottles. 

A  white,  granular  powder,  odorless,  and  having  a  strongly  alkaline  taste;  very 
deliquescent. 

Soluble  in  0.91  part  of  water  at  25°  C.  (77°  F.)  and  in  about  0.65  part  of  boiling 
water;  insoluble  in  alcohol. 

When  heated  to  130°  C.  (266°  F.)  the  salt  loses  all  the  water  which  it  may- 
have  retained  or  absorbed;  at  a  bright  red  heat  it  melts,  and  at  a  white  heat  it 
volatilizes,  communicating  to  a  non-luminous  flame  a  pure  violet  color. 

No  residue  should  be  left  on  dissolving  1  Gm.  of  the  salt  in  20  Cc.  of  water 
(absence  of  earthy  impurities). 

Tests  for  identity  of  potassium  and  of  carbonates  in  Part  V. 

Impurities. — Earthy  impurities  (given  above),  heavy  metals  and 
nitrate.     Details  of  last  two  tests  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Potassium  carbonate  is  known  by  several  synonyms, 
among  others,  salt  of  tartar.  It  is  called  this  because  it  can  be  made 
by  heating  cream  of  tartar,  the  reaction  being: 

2KHC,H,0e     +     50^     =     K2CO3     +     7CO2     +    5H2O. 

The  other  synonyms  are  pearl-ash  and  salt  of  wormwood,  the  latter 
name  being  derived  from  the  fact  that  a  variety  of  potassium  car- 
bonate, which  was  well  esteemed  some  centuries  ago,  was  made  from 
the  ashes  of  wormwood. 

As  already  mentioned  (p.  431),  potassium  carbonate  is  one  of  the 
chief  sources  of  the  element,  and  large  quantities  of  the  crude  salt 
are  obtained  from  suint  and  from  ashes.  At  the  same  time,  however, 
considerable  is  manufactured  by  the  same  process  used  in  sodium 
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carbonate,  and  this  process  will  be  considered  under  making  sodium 
carbonate  (p.  461). 

Potassium  carbonate  is  a  white,  granular  powder;  it  is  very- 
deliquescent,  and  hence  should,  like  potassium  acetate,  be  kept  in 
well-stoppered  bottles.  It  is  used  as  an  antacid,  although  its  action 
is  rather  too  irritating  for  general  use,  sodium  bicarbonate  being 
preferred.  Taken  in  large  quantities  it  has  caustic  action,  and  as  an 
antidote,  a  mjld  acid  should  be  used. 

Dose. — 1  Gm.  (15  grains). 

Potassium  carbonate  is  used  considerably  in  some  sections  as  an 
alkaline  hair-wash,  the  object  being  to  prevent  blond  hair  from 
turning  dark. 

For  this  purpose  it  is  of  little  value,  and  is,  moreover,  decidedly 
detrimental  to  the  health  of  the  hair. 


POTASSII   CHLORAS.     Potassium  Chlorate. 
KCIO3  =  121.68 

It  should  contain  not  less  than  99  per  cent,  of  pure  Potassium  Chlorate  [ClOj.OKJ 
and  should  be  kept  in  well-stoppered  bottles.  Great  caution  should  be  observed  in 
handling  it,  as  dangerous  explosions  are  liable  to  occur  when  it  is  heated  or  sub- 
jected to  concussion  or  trituration  with  organic  substances  (cork,  tannic  acid,  sugar, 
etc.),  or  with  sulphur,  antimony  sulphide,  phosphorus,  or  other  easily  oxidizable 
substances. 

Colorless,  lustrous,  monoclinic  prisms  or  plates,  or  a  white,  granular  powder; 
odorless  and  having  a  cooling,  characteristic  taste.     Permanent  in  the  air. 

Soluble  in  16  parts  of  water  at  25°  C.  (77°  F.)  and  in  1.7  parts  of  boiling  water; 
insoluble  in  absolute  alcohol  and  but  slightly  soluble  in  diluted  alcohol. 

At  334°  C.  (633.2°  F.)  the  salt  fuses,  and  above  352°  C.  (665.6°  F.)  it  is  decom- 
posed into  oxygen  and  potassium  perchlorate;  above  400°  C.  (752°  F.)  all  of  its 
oxygen  is  liberated,  and  a  white  residue  of  potassium  chloride  remains,  amounting 
to  60.8  per  cent,  of  the  pure  Chlorate  employed.  This  residue  is  readily  soluble 
in  water,  and  the  solution  yields  a  white,  curdy  precipitate  with  silver  nitrate  T.S. 

The  aqueous  solution  of  the  salt  (1  in  20)  is  neutral  to  litmus-paper. 

Tests  for  identity  of  potassium  and  chlorates  in  Part  V. 

Impurities. — Heavy  metals,  nitrates,  and  nitrites.  Details  of 
these  tests  in  Part  V. 

Remarks. — The  formula  of  potassium  chlorate  is  KCIO3,  from 
chloric  acid,  HCIO3,  from  chloric  oxide,  CI2O5,  the  graphic  formula 
which  was  given  on  p.  365. 

The  formula  of  potassium  chlorate,  KCIO3,  is  analogous  to  KBrOj, 
potassium  bromate,  and  the  chlorate  can  be  made  by  passing  chlorine 
mto  potassium  hydroxide  by  a  reaction  similar  to  that  occurring  in 
the  manufacture  of  potassium  bromide: 

6K0H     +     6C1     =     5KC1     +     KCIO3     -I-     3H2O. 

But  by  this  method,  from  six  molecules  of  potassium  hydroxide 
only  one  molecule  of  potassium  chlorate  is  obtained,  the  remaining 
five  atoms  of  potassium  going  to  waste  as  potassium  chloride,  and  a 
better  method  of  manufacture  is  from  chlorinated  lime.  This  body, 
on  being  boiled  with  water,  decomposes  into  calcium  chloride  and 
calcium  chlorate  by  the  following  reaction: 

3Ca(0Cl)j     -f-     heat     =     Ca(C103)j     +     2CaClj. 
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The  calcium  chlorate  solution  is  then  treated  with  potassium  chloride, 
when  the  following  reaction  occurs : 

CaCClOs)^     +     2KClj     =     CaClj     +     2KCIO3. 

The  resulting  calcium  chloride  is  very  soluble  in  water,  and  remains 
in  solution,  while  the  sparingly  soluble  potassium  chlorate  crystal- 
lizes out. 

Potassium  chlorate  is  now  largely  made  by  electrolysis. 

Potassium  chlorate  occurs  in  monoclinic  crystals  or  plates  or  as  a 

white  powder,  soluble  in  16.7  parts  of  water  at  15°  C.  and  1.7  parts 

of  boiling  water.     Its  solubility  is  worth  more  than  passing  notice, 

inasmuch  as  it  is  the  custom  of  many  drug-stores  to  keep  on  hand  a 

stock  solution  of  potassium  chlorate  which  is  labeled  a  half-drachm 

to  the  fluidounce.     If  by  half-drachm  30  grains  is  intended,  such  a 

y    solution  is  impossible  at  ordinary  temperatures,  inasmuch  as  only 

I    .  27  grains  of  the  salt  will  dissolve  in  an  ounce  of  cold  water.    Nor  is  it 

>/W     wise  for  the  operator  to  try  to  coax  the  remaining  potassium  chlorate 

(\j  ^/    to  go  into  solution  by  warming  the  mixture.     A  solution  will  ensue, 

but   on   cooling   not   only  are  the   extra   3   grains   crystallized  out, 

*  but  practically  the  entire  salt  separates  in  the  bottom  of  the  vessel 

in  a  crystallized  mass.     Physicians,  not  aware  of  the  exact  solubility, 

sometimes  prescribe  30  grains  of  potassium  chlorate  to  the  ounce  of 

solution,  and  intend  same  for  gargle.     If  this  prescription  is  dispensed 

with  the  excess  of  the  salt  remaining  in  the  mixture,  the  undissolved 

salt  will  act  as  irritant  to  the  inflamed  mucous  membrane  which  it  is 

intended  to  relieve.     Hence  the  careful  pharmacist  always  dispenses 

a  clear,  filtered  solution  of  potassium  chlorate  when  intended  for 

gargle. 

Potassium  chlorate  is  a  powerful  oxidizing  agent,  and  for  this 
reason  combines  with  many  easily  oxidizable  substances,  such  as 
sulphur,  antimony  sulphide,  phosphorus,  starch,  sugar,  so  energetic- 
ally as  to  produce  explosions;  hence  the  pharmacopceial  warning  that 
this  salt  should  not  be  triturated  with  any  of  the  above  substances. 
When  called  upon  to  mix  such  substances  as  potassium  chlorate  and 
sugar,  they  should  first  be  powdered  separately  and  then  mixed 
together  with  a  bone  spatula  on  a  piece  of  paper. 

Potassium  chlorate  is  a  mild  antiseptic,  this  property  being  due 
to  its  oxidizing  action.  Its  chief  application  for  this  purpose  is  in 
cases  of  sore  throat,  for  which  it  is  much  esteemed.  Its  indis- 
criminate use,  however,  for  this  purpose,  especially  in  the  form  of 
lozenges  and  compressed  tablets,  is  not  advisable,  for  investigation 
shows  that  it  has  an  irritating  action  on  the  bladder,  and  therefore 
should  not  be  swallowed  in  large  quantities. 

Dose. — 250  milligrammes  (4  grains). 

POTASSII   CITRAS.     Potassium  Citrate. 

KsCbHjOt  +  H2O  =  322.08 

It  should  contain  not  less  than  99  per  cent,  of  pure  Potassium  Citrate  [CjH^COH)- 
(COOK)3  +  H20]  and  should  be  kept  in  well-stoppered  bottles. 

Transparent,  prismatic  crystals,  or  a  white,  granular  powder,  odorless,  and 
having  a  cooling,  saline  taste.     Deliquescent  when  exposed  to  the  air. 


THE   METALS— POTASSIUM  443 

Soluble  in  about  0.5  part  of  water  at  25"  C.  (77°  F.)  and  very  soluble  in  boil- 
ing water;  sparingly  soluBle  in  alcohol. 

When  heated  above  100°  C.  (212°  F.)  the  salt  begins  to  lose  water;  at  200°  C. 
(392°  F.)  the  water  of  crystallization  (5.55 per  cent.)  is  completely  lost.  At  230°  C. 
(446°  F.)  the  salt  begins  to  decompose,  turns  brown,  and  at  a  higher  temperature 
carbonizes  and  emits  inflammable  gases  which  have  a  very  pungent,  acid  odor. 
At  a  red  heat  a  blackened  mass  of  potassium  carbonate  and  carbon  is  left,  which 
has  an  alkaline  reaction,  and  strongly  effervesces  with  acids. 

The  aqueous  solution  of  the  salt  is  alkaline  to  red  litmus-paper,  but  does  not 
affect  phenolphthalein. 

Tests  for  identity  of  potassium  and  of  citrate  in  Part  V. 
Impurities. — Heavy  metals,  tartrate.     Details  in  Part  V. 
Assay. — Details  in  Part  V. 

Remarks. — This  salt  is  made  by  treatment  of  potassium  bicar- 
bonate with  citric  acid,  as  shown  in  the  following  equation: 

3KHCO3     +     HsCsHjOt     =     KsCgHjO^     +     3CO2     +     3H2O. 

As  mentioned  above,  the  bicarbonate  is  used  in  preference  to  the 
carbonates  in  the  manufacture  of  most  of  the  potassium  salts,  and 
in  this  case  the  bicarbonate  is  absolutely  necessary,  the  citrate  made 
from  the  carbonate  being  quite  unsatisfactory. 

The  potassium  citrate  occurs  in  transparent  prismatic  crystals  or 
in  white  granular  powder,  both  forms  being  rather  deliquescent. 
It  is  used  as  a  refrigerant. 

Dose. — 1  Gm.  (15  grains). 

POTASSII  CITRAS  EFFERVESCENS.     Effervescent  Potassium 

Citrate. 

Recipe. — Potassium  Citrate,  two  hundred  grammes 200  Gm. 

Sodiiun   Bicarbonate,   dried  and  powdered,  four 

hundred  and  seventy-seven  grammes 477  Gm. 

Tartaric  Acid,  dried  and  powdered,  two  hundred 

and  fifty-two  grammes 252  Gm. 

Citric  Acid,  uneffloresced  crystals,  one  hundred  and 

sixty-two  grammes 162  Gm. 

To  make  about  one  thousand  grammes . .   1000  Gm. 

Dry  the  Potassium  Citrate  on  a  water-bath  until  it  ceases  to  lose  weight;  after 
powdering  the  dried  salt,  mix  it  intimately  with  the  powdered  Citric  Acid  and 
Tartaric  Acid,  then  thoroughly  incorporate  the  Sodium  Bicarbonate.  Place  the 
mixed  powders  on  a  plate  of  glass  or  in  a  suitable  dish,  in  an  oven  heated  between 
93°  and  104°  C.  (199.4°  and  219.2°  F.). 

When  the  mixture,  by  the  aid  of  careful  manipulation  with  a  wooden  spatula, 
has  acquired  a  moist  consistence,  rub  it  through  a  No.  6  tinned-iron  sieve,  and 
dry  the  granules  at  a  temperature  not  exceeding  54°  C.  (129.2°  F.).  Keep  the 
product  in  well-stoppered  bottles. 

Remarks. — This  is  a  granular  salt,  made  by  mixing  powdered 
citric  acid,  potassium  bicarbonate,  and  sugar  together  in  a  warm 
mortar,  drying  the  resulting  mixture  by  heating  it  rapidly  in  a 
chamber  at  not  exceeding  120°  C,  and  then  powdering  the  mass 
and  transferring  to  well-stoppered  bottles. 

The  granular  effervescent  salts  have  been  considered  on  p.  149, 
so  here  it  suffices  to  say  that  this  preparation  is  supposed  to  contain 
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d  potassium  bicarbonate  in  uncombined  form,  but  that 
mih  water,  these  two  chemicals  combine,  with  liberation 
)xide  gas  and  copious  effervescence,  making  the  mixture 
)le. 
Dose. — 4  Gm.  (60  grains). 

LIQUOR  POTASSII  CITRATIS.     Solution  of  Potassium  Citrate. 

An  aqueous  liquid,  containing  in  solution  not  less  than  8  per  cent,  of  anhydrous 
Potassium  Citrate  [C3H4(OH)(COOK)3  =  304.2],  with  small  amounts  of  citric  and 
carbonic  acids. 

Recipe. — Potassium  Bicarbonate,  eight  grammes 8  Gm. 

Citric  Acid,  six  grammes 6  Gm. 

Distilled  Water,  a  sufficient  quantity, 


To  make  one  hundred  cubic  centimeters. .     100  Cc. 

Dissolve  the  Potassium  Bicarbonate  and  the  Citric  Acid,;^  each,  in  forty  cubic 
centimeters  of  Distilled  Water.  Filter  the  solutions  separately,  and  wash  the  filters 
with  enough  Distilled  Water  to  obtain,  in  each  case,  fifty  cubic  centimeters.  Finally, 
mix  the  two  solutions,  and,  when  effervescence  has  nearly  ceased,  transfer  the 
liquid  to  a  bottle.     This  preparation  should  be  freshly  made  when  wanted. 

A  clear,  colorless  liquid,  odorless,  having  a  mildly  saline  taste  and  a  slightly 
acid  reaction. 

It  should  conform  to  the  reactions  and  tests  for  an  aqueous  solution  of  the  salt 
given  under  Potassii  Citras. 

Assay. — Details  in  Part  V. 

Remarks. — This  preparation  is  made  by  dissolving  separate  solu- 
tions of  potassium  bicarbonate  and  citric  acid,  the  quantity  of  the 
chemicals  in  each  being  so  adjusted  that  when  equal  volumes  of  the 
two  solutions  are  mixed,  slightly  acidulated  potassium  citrate  will 
result.  It  is  assumed  that  the  pharmacist  will  not  blend  the  two 
solutions  until  an  order  for  the  finished  solution  is  received,  and  in 
this  way  the  solution  will  be  dispensed  with  sufficient  effervescence 
remaining  to  make  the  liquid  more  palatable.  The  exact  amount 
of  "sparkle"  is  a  matter  of  pharmaceutic  judgment,  for  if  the  mixed 
liquid  is  quickly  poured  into  a  bottle  and  is  tightly  corked,  there  is 
danger  of  sufficient  gas  being  evolved  to  cause  an  explosion  of  the 
flask  in  the  hands  of  the  purchaser. 

The  pharmacopoeia  of  1890  gave  as  a  synonym  of  this  solution 
mistura  potassii  citratis,  because  this  preparation  is  intended  to 
replace  the  mixture  of  potassium  citrate  (neutral  mixture)  of  the 
pharmacopoeia  of  1880.  The  product  of  1880  was  much  more 
palatable  than  the  present  official  solution,  because  instead  of  citric 
acid,  fresh  lemon-juice  was  employed. 

Potassium  citrate  is  a  mild  refrigerant,  and  when  dispensed  in  the 
effervescent  form,  constitutes  a  refreshing  draft  for  fever  patients. 

A  modification  of  the  preparation  quite  popular  in  French  countries  is  potion 
de  Riviere.  This  is  made  by  preparing  two  solutions,  one  consisting  of  citric  acid, 
2  parts;  water,  50  parts;  syrup,  15  parts;  the  other  consisting  of  potassium  bicar- 
bonate, 2  parts;  water,  50  parts;  syrup,  15  parts;  dispensing  the  two  solutions  in 
separate  bottles,  with  directions  to  patient  to  mix  equal  parts  and  drink  while 
effervescing. 

Dose. — Of  official  solution:  16  Cc.  (4  fluidrachms). 
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POTASSII   CYANIDUM.     Potassium  Cyanide. 

KCN  =  64.70 

It  should  contain  not  less  than  95  per  cent,  of  pure  Potassium  Cyanide  and 
should  be  kept  in  well-stoppered  bottles. 

White,  opaque,  amorphous  pieces,  or  a  white,  granular  powder,  odorless  when 

Serfectly  dry;  deliquescent  in  the  air  and  exhaling  the  odor  of  hydrocyanic  acid. 
real  caution  should  be  used  in  tasting  and  handling  this  salt. 

Soluble  in  about  2  parts  of  water  at  25°  C.  (77°  F.).  Boiling  water  dissolves 
its  own  weight  of  the  salt,  but  rapidly  decomposes  it.  In  alcohol  it  is  but  sparingly 
soluble. 

At  a  low  red  heat  the  salt  fuses. 

Its  aqueous  solution  (1  in  20)  has  a  strongly  alkaline  reaction  upon  red  litmus- 
paper  and  emits  the  odor  of  hydrocyanic  acid. 

Tests  for  identity  of  potassium  and  cyanides  in  Part  V. 

Impurities. — Excess  of  carbonate,  ferrocyanide,  sulphocyanate. 
Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  official  is  made  by  heating  potassium  ferrocyanide 
with  potassium  carbonate  in  a  red-hot  crucible,  when  the  following 
reaction  ensues: 

K,Fe(Cn)e     +     K3CO3     =     5KCN     +     KOCN     +     CO2     +     Fe. 

It  will  be  seen  from  this  reaction  that  the  product  will  be  con- 
taminated with  potassium  cyanate,  KOCN  (p.  745).  If  a  perfectly 
pure  product  is  desired,  it  is  made  by  passing  hydrocyanic  acid  gas 
into  an  alcoholic  solution  of  potassium  hydroxide. 

Potassium  cyanide  is  now  being  made  by  an  electric  process.  The 
demand  for  this  chemical  has  greatly  increased  in  late  years,  it  being 
very  largely  used  in  metallurgic  processes,  the  extraction  of  gold  and 
silver  from  ores,  etc. 

Potassium  cyanide  occurs  in  white,  irregular  lumps,  or  as  a  white, 
granular  powder,  usually  exhaling  the  odor  of  hydrocyanic  acid, 
though  odorless  when  perfectly  dry.  It  is  rather  deliquescent,  and 
therefore  should  be  kept  in  well-stoppered  bottles. 

The  pharmacopoeia,  in  mentioning  the  tests,  warns  the  observer 
of  the  great  care  required,  inasmuch  as  the  cyanide  is  a  deadly  poison. 

When  boiled  with  water,  potassium  cyanide  splits  up  into  potas- 
sium formate  (p.  745)  and  ammonia,  as  shown  in  the  following 
equation: 

KCN     +    2H3O     =     KCHO2     +    NH3. 

For  this  reason  solutions  of  the  cyanide  should  never  be  heated. 

In  medicine,  potassium  cyanide  affords  a  convenient  way  of 
obtaining  the  medicinal  action  of  hydrocyanic  acid,  and  a  prescription 
calling  for  potassium  cyanide  and  citric  acid  was  formerly  con- 
siderably used. 

Dose. — 10  milligrammes  (^  grain). 

POTASSII  DICHROMAS.     Potassium  Dichromate. 

KjCrA  =  292.28 
[P0TA8SII  B1CHROMA8,  Pharm.  1890] 
It  should  contain  not  less  than  99  per  cent,  of  pure  Potassium  Dichromate 
[CrjOsCOK)^]  and  should  be  kept  in  well-stoppered  bottles. 
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Large,  orange-red,  transparent,  triclinic  prisms,  or  four-sided  tabular  crystals, 
odorless,  and  having  an  acidulous,  metallic  taste.     Permanent  in  the  air. 

Soluble  in  about  9  parts  of  water  at  25°  C.  (77°  F.)  and  in  1.5  parts  of  boiling 
water;  insoluble  in  alcohol. 

The  salt  fuses  below  a  red  heat,  without  loss  of  weight,  forming  a  dark-brown 
liquid.  At  a  white  heat  it  evolves  oxygen  and  leaves  a  residue  of  neutral  potas- 
sium chromate  and  green  chromic  oxide. 

The  aqueous  solution  of  Potassium  Bichromate  (1  in  20)  has  an  acid  reaction 
upon  blue  litmus-paper. 

Tests  for  Identity. — See  Potassium  and  Chromium  Trioxide  in 
Part  V.  ... 

Remarks. — It  will  be  noted  that  this  chemical  contains  no  hydrogen 
whatever,  and  in  this  case  the  rule  laid  down,  that  an  acid  salt  is  one 
in  which  all  the  hydrogen  of  the  acid  is  not  replaced  by  a  metal,  fails 
utterly.  It  is  just  such  exceptions  and  variations  in  the  nomenclature 
of  chemistry  that  make  its  study  difficult. 

Let  us  dissect  this  compound,  potassium  dichromate,  KjCrgOj. 
Its  sister  compound  is  potassium  chromate,  KjCrO^,  which  is  derived 
from  chromic  acid,  HjCrO^,  which  comes  from  chromic  oxide,  CrOj, 
a  body  analogous  to  SO3. 

Potassium  chromate KjCr  O4 

Plus  chromic  oxide Cr  O3 

Gives  potassium  dichromate K2Cr207. 

This  compound  is  made  from  chromic  iron  ore,  a  mineral  formerly 
mined  in  considerable  quantities  in  Pennsylvania  and  Maryland, 
but  now  practically  all  imported  from  Europe.  This  ore  is  roasted 
with  potassium  carbonate  and  lime  in  presence  of  air,  when  the 
potassium  chromate  is  formed  by  the  following  reaction: 

2FeOCr203  +  CaO  +  SKjCOg  +  70  (from  air)  =  SK^CrO,  +  CaCrO,  +  Fe^Oa  +  SCOj. 

This  potassium  chromate  is  then  converted  into  potassium  dichro- 
mate by  treatment  with  sulphuric  acid,  as  shown  in  the  following 
equation: 

2K2CrO,     +     H^SO,     =     KjCr^O,     +     K^SO,     +     H^O. 

The  calcium  chromate  of  the  first  reaction  is  treated  with  potas- 
sium sulphate,  and  is  thus  converted  into  potassium  chromate,  which 
is  changed  to  dichromate  by  use  of  sulphuric  acid. 

Dichromate  of  potassium  occurs  in  orange-yellow  crystals,  which 
are  soluble  in  9  parts  of  water  and  in  1^  parts  of  boiling  water.  Its 
chief  use  in  pharmacy  is  as  an  oxidizing  agent,  for  when  treated  with 
sulphuric  acid  it  splits  into  chromic  acid,  one  of  the  best  oxidizing 
agents.  It  will  be  recalled  that  the  oxidizing  action  of  the  dichromate 
mixture  was  suggested  as  a  way  of  cleaning  mortars.  (See  p.  114.) 
The  dichromate  mixture  is  also  used  as  a  battery  fluid,  a  recipe  for 
which  will  be  found  iii  the  National  Formulary  under  the  name 
Liquor  Electropoeicus.  It  is  rarely  used  in  medicine;  if  so,  it  is  employed 
as  a  remedy  in  syphilis. 

Dose. — 10  milligrammes  (|  grain). 

If  an  excessive  dose  is  taken,  the  antidote  would  be  a  mild  alkali, 
such  as  soap,  magnesia,  or  chalk. 
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POTASSII   ET  SODII  TARTRAS.    Potassium  and  Sodium  Tartrate. 

KNaC,H,0,  +  4HjO  =  280.18 

It  should  contain  not  less  than  99  per  cent,  of  pure  Potassium  and  Sodium 
Tartrate  [C,Hj(OH)j(COOK)(COONa)  +4H,0]  and  should  be  kept  in  well-stoppered 
bottles. 

Colorless,  transparent,  rhombic  prisms,  or  a  white  powder,  odorless,  and  having 
a  cooling,  saline  taste.     The  crystals  slightly  effloresce  in  dry  air. 

Soluble  in  about  1.2  parts  of  water  at  25°  C.  (77°  F.)  and  in  less  than  1  part 
of  boiling  water;  almost  insoluble  in  alcohol. 

When  heated  to  74°  C.  (165.2°  F.)  the  salt  fuses  to  a  colorless  liquid,  which, 
at  a  higher  temperature,  froths,  becomes  brown,  and  gradually  carbonizes,  while 
inflammable  vapors  are  emitted,  having  the  odor  of  burning  sugar.  Finally,  a 
black  residue  is  left. 

The  aqueous  solution  of  the  salt  is  feebly  alkaline  to  litmus-paper,  but  it  does 
not  effect  phenolphthalein. 

An  aqueous  solution  of  the  salt  (1  in  10)  yields,  with  an  equal  volume  of  acetic 
acid,  a  white,  crystalline  precipitate. 

Tests  for  Identity. — See  Potassium,  Sodium,  and  Tartaric  Acid 
in  Part  V. 

Impurities. — Heavy  metals  &,nd  ammonia.    Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  compound  is  interesting  as  one  of  the  two  official 
double  salts  of  tartaric  acid,  the.  other  being  tartar  emetic.  (See 
p.  582.)  It  is  made  by  treating  potassium  bitartrate  vi^ith  sodium 
bicarbonate,  when  the  following  reaction  will  occur: 

KHC,H,Oe     +     NaHCOj     =     KNaC,H,0„     +     CO^     +     H^O. 

The  chemistry  of  this  body  can  be  discussed  when  the  composition 
of  the  acid  from  which  it  is  derived  is  noticed;  hence  it  is  reserved 
until  later  (p.  684). 

Sodium  and  potassium  tartrate,  or  Rochelle  salt,  is  used  as  a  mild 
laxative  and  refrigerant.  It  is  one  of  the  constituents  of  official 
Seidlitz  powder. 

Dose.— 8  Gm.  (120  grains). 

POTASSII   FERROCYANIDUM.     Potassium  Ferrocyanide. 

K,Fe(CN)e  +  SH^O  =  419.62 

It  should  contain  not  less  than  99  per  cent,  of  pure  Potassium  Ferrocyanide 
and  should  be  kept  in  well-stoppered  bottles. 

Large,  soft,  transparent,  yellow,  four-sided,  monoclinic  tabular  crystals  or 
prisms;  odorless  and  having  a  mild,  saline  taste.  Slightly  efflorescent  on  exposure 
to  the  air. 

Soluble  in  about  4  parts  of  water  at  25°  C.  (77°  F.)  and  in  2  parts  of  boiling 
water;  insoluble  in  alcohol. 

When  heated  to  60°  C.  (140°  F.)  the  salt  begins  to  turn  white  from  loss  of 
water  of  crystallization,  and  when  heated  to  100°  C.  (212°  F.)  it  is  rendered  anhy- 
drous. 

The  aqueous  solution  is  neutral  to  litmus-paper. 

Tests  for  Identity. — See  Potassium  and  Ferrocyanides  in  Part  V. 

Impurities. — Carbonate  and  ferricyanide.     Details  in  Part  V. 

Remarks. — Potassium  ferrocyanide  is  interesting  as  the  source  of 
cyanides.  It  is  made  from  a  mixture  of  nitrogenous  animal  matter, 
pearl-ash  (potassium  carbonate),  and  scrap-iron,  all  being  heated 
together  in  an  iron  pot. 
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Details  of  the  manufacture  of  this  substance  will  be  studied  when 
we  consider  the  cyanogen  preparations,     (See  p.  745.) 

Potassium  ferrocyanide  is  rarely  used  in  medicine.  When  pure, 
it  is  not  poisonous,  despite  the  presence  of  the  cyanogen  group.  A 
solution  of  potassium  ferrocyanide,  we  will  find  later,  is  used  in 
testing  iron  (p.  545). 

Dose. — 500  milligrammes  (7^  grains). 

Under  this  head  mention  might  be  made  of  the  unofficial  potassium  ferricyanide, 
KjFeCCn)^,  which  is  used  in  testing  for  iron  in  the  ferrous  form  (p.  545).  The  chemis- 
try of  both  of  these  bodies  is  difficult  and  will  be  left  to  be  discussed  under  the 
Cyanogen  Compounds. 

POTASSII   HYPOPHOSPHIS.     Potassium  Hypophosphite. 

KPH2O2  =  103.39 

It  should  contain  not  less  than  98  per  cent,  of  pure  Potassium  Hypophosphite 
[PO.HjOK]  and  should  be  kept  in  well-stoppered  bottles.  Caution  should  be 
observed  in  dispensing  Potassium  Hypophosphite,  as  explosion  is  liable  to  occur 
when  it  is  triturated  or  heated  with  nitrates,  chlorates,  or  other  oxidizing  agents. 

White,  opaque,  hexagonal  plates,  or  crystalline  masses,  or  a  granular  powder; 
odorless  and  having  a  pungent,  saline  taste;  very  deliquescent. 

Soluble  in  about  0.5  part  of  water  and  in  7  parts  of  alcohol  at  25°  C.  (77°  F.); 
in  0.3  part  of  boiling  water  and  in  3.6  parts  of  boiling  alcohol;  insoluble  in  ether. 

When  heated  in  a  dry  test-tube,  the  salt  at  first  loses  moisture,  and  then  evolves 
spontaneously  inflammaole  hydrogen  phosphide  gas,  wliich  burns  with  a  bright 
yellow  flame. 

Tests  for  Identity. — See  Potassium  and  Hypophosphites,  Part  V. 

Impurities. — Carbonates,  heavy  metals,  and  arsenic.  Details  in 
Part  V. 

Remarks. — This  salt  is  made  by  treating  calcium  hypophosphite 
with  potassium  carbonate,  as  shown  in  the  following  equation: 

Ca(PH202)2     +     K2CO3     =     2KPH2O2     +     CaCOj. 

Solution  of  potassium  hypophosphite  is  removed  from  the  insoluble 
calcium  carbonate  by  filtration.  The  solution  is  then  evaporated 
on  a  water-bath  with  great  care  until  a  g^"anular  mass  results.  The 
caution  as  to  evaporation  is  necessary  in  heating  every  hypophosphite, 
as  even  at  the  temperature  of  the  water-bath  there  is  danger  of  an 
explosion,  due  to  the  formation  of  the  spontaneously  combustible 
phosphine,  PH3. 

Potassium  hypophosphite,  in  common  with  all  hypophosphites, 
is  used  largely  as  a  tonic  in  wasting  diseases,  and  is  a  constituent  of 
the  syrup  hypophosphites  (U.  S.  P.). 

Dose. — 500  milligrammes  (7^  grains). 

POTASSII   lODIDUM.     Potassium  Iodide. 

KI  =  164.76 

It  should  contain  not  less  than  99  per  cent,  of  pure  Potassium  Iodide  and 
should  be  kept  in  well-stoppered  bottles. 

Colorless,  transparent,  translucent,  or  opaque  white,  cubical  crystals,  or  a 
white,  granular  powder,  having  a  peculiar,  faint,  iodine-like  odor,  and  a  pungent, 
saline,  afterward  bitter  taste.  Permanent  in  dry  air  and  but  slightly  deliques- 
cent in  moist  air. 
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Soluble  in  0.7  part  of  water  and  in  about  12  parts  of  alcohol  at  25"  C.  (77°  F.); 
in  0.5  part  of  boiling  water  and  in  6  parts  of  boiling  alcohol;  also  soluble  in  2.5 
parts  of  glycerin. 

When  heated,  the  salt  decrepitates.  At  a  low  red  heat  it  fuses,  and  at  a  bright 
red  heat  it  is  volatilized  without  decomposition. 

Its  aqueous  solution  is  neutral,  or  has  a  slightly  alkaline  reaction  upon  litmus- 
paper. 

No  residue  should  be  left  when  1  Gm.  of  the  salt  is  dissolved  in  2  Cc.  of  diluted 
alcohol  of  specific  gravity  0.928  (absence  of  less  solvhle  salts). 

Tests  for  Identity. — See  Potassium  and  Iodides  in  Part  V. 

Impurities. — Alkali,  iodate,  heavy  metals,  nitrates,  nitrites, 
barium,  cyanide,  chlorides,  bromides,  and  thiosulphates.  Details 
in  Part  V. 

Assay. — Details  in  Part  V. 

The  manufacture  of  this  important  chemical  is  similar  to  that 
of  potassium  bromide,  only  the  first  process  is  by  treatment  of  ferric 
iodide  with  potassium  bicarbonate  or  carbonate.  This  is  somewhat 
different  from  the  ferrous  bromide  reaction  in  making  potassium 
bromide.  As  in  the  bromide  process,  iron  is  treated  with  the  halogen 
element,  making  the  ferrous  iodide  solution;  however,  more  iodine  is 
added,  making  the  more  stable  ferric  iodide,  Feig,  and  when  this  is 
treated  with  potassium  carbonate,  the  following  reaction  occurs: 

2Fel3     +     3K2CO3     +     3H,0     =     OKI     +     3CO3     +     2Fe(OH)3. 

The  second  process  is  by  treating  solution  of  potassa  with  iodine,  and 
is  closely  similar  to  that  for  making  potassium  bromide: 

6K0H     +     61     =     5KI     +     KIO3     +     3H3O. 

As  in  the  bromide  process,  the  iodate  is  reduced  to  iodide  by  heating 
with  charcoal,  viz.: 

KIO3    +    C3    =    KI     +    3C0. 

Potassium  iodide  occurs  in  colorless,  translucent,  cubic  crystals, 
having  a  faint  iodine  odor,  and  a  saline,  afterward  bitter,  taste.  It 
is  exceedingly  soluble  in  water  (1  part  to  0.75  at  15°  C),  which 
renders  possible  the  preparation  of  the  saturated  solution  of  potassium 
iodide,  containing  one  avoirdupois  ounce  of  chemical  in  a  fluidounce 
of  the  finished  solution. 

As  mentioned  above,  the  crystals  of  potassium  iodide  should  be 
either  transparent  or  very  translucent.  The  larger  majority  of  the 
commercial  iodide  is  in  white,  opaque  crystals.  These  are  impure, 
being  crystallized  from  an  alkaline  medium.  It  is  but  fair  to  the 
manufacturer,  however,  to  say  that  the  preparation  of  a  neutral 
potassium  iodide  is  a  matter  of  considerable  difficulty,  as  there  is 
danger  of  the  separation  of  the  iodine  turning  the  crystals  brownish. 

Potassium  iodide  is  a  most  valuable  alterative. 

Dose. — 500  milligrammes  (7^  grains). 

POTASSII  NITRAS.     Potassium  Nitrate. 

KNO3  =   100.43 

It  should  contain  not  less  than  99  per  cent,  of  pure  Potassium  Nitrate  [NOj.OK] 
and  should  be  kept  in  well-stoppered  bottles. 
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Colorless,  transparent,  six-sided,  rhombic  prisms,  or  a  white  crystalline  powder; 
odorless  and  having  a  cooling,  saline,  and  pungent  taste.  Slightly  hygroscopic 
in  moist  air. 

Soluble  in  3.6  parts  of  water  at  25°  C.  (77°  F.)  and  in  0.4  part  of  boiling 
water;  very  sparingly  soluble  in  alcohol. 

When  heated  to  353°  C.  (667.4°  F.)  the  salt  melts.  At  a  higher  temperature 
it  is  decomposed,  giving  off  oxygen  at  first,  and  then  some  of  its  nitrogen,  leaving 
a  residue  of  potassium  nitrate,  nitrite,  and  oxide.  When  thrown  upon  red-hot 
coals  the  salt  deflagrates. 

The  aqueous  solution  is  neutral  to  litmus-paper. 

Tests  for  Identity. — See  Potassium  and  Nitrates  in  Part  V. 

Impurities. — Heavy  metals,  iodide,  chlorate,  and  perchlorate. 
Details  in  Plate  V. 

Remarks. — This  chemical,  commonly  called  saltpetre,  has  been 
in  popular  use  for  centuries.  The  original  method  of  manufacture 
was  interesting;  being  made  by  the  treatment  of  ashes  with  decaying 
nitrogenous  matter,  such  as  manure  and  cattle  urine.  The  mass 
was  allowed  to  stand  under  roughly  constructed  sheds  for  several 
months,  being  occasionally  turned  so  as  to  present  new  surfaces  to 
the  air.  When  the  fermentation  of  the  mass  is  completed,  it  is 
placed  in  crude  percolators  and  lixiviated  with  water,  whereby  the 
finished  potassium  nitrate  is  separated  from  the  extraneous  matter. 

Repeated  crystallization  of  this  solution  eventually  results  in  a 
pure  crystalline  nitrate. 

Investigations  of  the  manufacture  of  saltpeter  on  these  "saltpetre  plantations" 
has  shown  that  the  change  of  the  nitrogenous  matter  to  the  nitrate  is  a  species  of 
fermentation,  being  produced  by  a  peculiar  microscopic  plant  called  nitromonas. 
This  process  of  saltpetre  manufacture  was  formerly  largely  used,  as  it  yielded  not 
only  all  the  saltpetre  used,  but  also  because  this  potassium  nitrate  was  the  source 
of  nitric  acid  and  all  the  nitrates. 

At  present,  however,  the  source  of  nitric  acid  is  Chile  saltpetre 
(see  p.  468),  from  which  potassium  nitrate  is  made,  as  shown  in  the 
following  equation: 

NaNOs     +     KCl     =     KNOs     -I-     NaCl 

the  resulting  salts  being  separated  by  fractional  crystallization. 

One  of  the  largest  general  uses  of  potassium  nitrate  is  in  the  manu- 
facture of  gunpowder,  of  which  the  average  formula  is  potassium 
nitrate,  75  parts;  powdered  charcoal,  15  parts;  and  sulphur,  10  parts, 
the  mass  being  mixed  together,  then  granulated  by  wetting  the  mass, 
passing  it  through  a  sieve,  and  carefully  drying  the  resulting  granules. 
Gunpowder  explodes  by  the  following  reaction: 

2KNO3     +    S     -1-    3C     =     K^S     +    SCOa     -1-    Nj. 

On  examination  of  the  above  equation  it  will  be  seen  that  the  chemical 
action  between  the  three  solids  results  in  the  formation  of  two  gases 
and  a  comparatively  small  amount  of  the  solid  potassium  sulphide. 
One  volume  of  gunpowder  gives  280  volumes  of  mixed  gases,  and 
on  this  property  hinges  the  whole  theory  of  explosion,  which  means 
the  sudden  evolution  of  a  large  volume  of  gas  from  a  comparatively 
small  quantity  of  the  solid  or  liquid. 
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In  the  potassium  sulphide  of  the  above  reaction  is  found  an 
explanation  of  the  peculiar  odor  of  a  burned  fire-cracker. 

In  medicine,  potassium  nitrate  is  used  largely  as  a  diuretic. 

Dose. — 500  milligrammes  (7^  grains). 

Potassium  nitrate  acts  as  an  oxidizing  agent  in  the  explosion  of 
gunpowder,  and  to  this  oxidizing  action  is  due  the  value  of  potassium 
nitrate  as  an  antiseptic.  Its  use  as  a  preservative  of  meat  and  other 
foods  is  too  well  known  to  require  extended  comment  here. 

POTASSII   PERMANGANAS.     Potassium  Permanganate. 

KMnO^  =  156.98 

It  should  contain  not  less  than  99  per  cent,  of  pure  Potassium  Permanganate 
[MnOj.OK]  and  should  be  kept  in  glass-stoppered  bottles,  protected  from  light. 

Potassium  Permanganate,  when  in  concentrated  solution  or  in  the  dry  con- 
dition, should  not  be  brought  in  contact  with  organic  or  other  readily  oxidizable 
substances. 

Slender,  monoclinic  prisms,  of  a  dark  purple  color,  almost  opaque  by  trans- 
mitted light,  and  of  a  blue,  metallic  lustre  by  reflected  light,  odorless,  and.  having 
a  taste  at  first  sweet,  but  afterward  disagreeable  and  astringent.  Permanent  in 
the  air. 

Soluble  in  about  15  parts  of  water  at  25°  C.  (77°  F.)  and  in  3  parts  of  boiling 
water;  in  contact  with  alcohol  it  is  decomposed. 

When  heated  the  salt  decrepitates,  and  at  240°  C.  (464°  F.)  it  decomposes, 
yielding  oxygen,  potassium  manganate,  and  manganese  dioxide. 

The  aqueous  solution  of  the  salt  is  of  a  deep  violet-red  cblor  when  concentrated 
and  of  a  rose  color  when  much  diluted,  and  the  rose  color  is  discharged  by  hydrogen 
sulphide,  ferrous  sulphate,  oxalic  acid,  alcohol,  hydrogen  dioxide,  and  many  other 
readily  oxidizable  substances,  especially  if  the  solution  be  first  rendered  acid  by 
sulphuric  acid, 

An  aqueous  solution  is  neutral  to  litmus-paper. 

Tests  for  Identity. — See  Potassium  and  Permanganates  in  Part  V. 

Impurities. — Excess  of  sulphates,  chlorides,  nitrates.  Details  in 
Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Potassium  permanganate  is  now  given  the  formula 
KMn04,  in  preference  to  that  of  the  pharmacopoeia  of  1880,  KjMnjOg. 
It  represents  the  highest  known  valence  of  manganese, — the  valence 
VII, — and  is  an  analogue  of  potassium  perchlorate,  KCIO4,  which 
comes  from  perchloric  oxide,  CI2O7,  the  graphic  formula  of  which 
was  given  on  p.  365.  The  permanganate  is  one  of  the  oxidizing 
agents,  the  action  of  which  is  explained  on  p.  425. 

It  is  made  by  treatment  of  manganese  dioxide  with  potassium 
hydroxide  and  potassium  chlorate,  this  mixture  yielding  potassium 
manganate,  as  shown  in  the  following  equation: 

3MnO,      -I-      6K0H      +      KCIO3      =      SK^MnO,      -1-      KCl      +      SHjO. 

It  will  be  observed  that  potassium  manganate  (KjMnOJ  has  a 
formula  similar  to  that  of  potassium  sulphate,  in  this  body  the 
manganese  acting  with  the  valence  vi.  When  this  green  potassium 
manganate  is  boiled  with  water,  it  is  converted  into  the  purple  potas- 
sium permanganate,  as  shown  in  the  following  equation: 

BKjMnO,     +     3H,0      =     2KMnO,     +     MnO^      +     4K0H     -|-     H^O. 


The  process  occurs  in  miniature  in  an  important  test  for  manga- 
nese, which  consists  of  fusing  the  three  constituents  above  given  on 


452  PRINCIPLES  OF  PHARMACY 

a  piece  of  platinum  foil  and  then  boiling  in  water.  If  the  fused  mass 
is  green  and  the  resulting  liquid  is  pink,  it  indicates  the  presence  of 
manganese. 

By  reason  of  this  change  of  tint,  potassium  permanganate  has 
been  given  the  synonym  of  mineral  chameleon. 

It  will  be  noticed  that  the  products  of  the  final  reaction  consist 
of  some  binoxide  of  manganese  and  also  potassium  hydroxide,  and 
in  order  to  secure  the  permanganate  from  this  mixture,  it  is  necessary 
to  neutralize  the  excess  of  potassium  hydroxide  with  sulphuric  acid. 
The  solution  of  permanganate  is  then  filtered  through  asbestos  to 
remove  the  precipitated  manganese  dioxide,  and  the  filtrate  con- 
centrated until  crystallization  begins. 

Potassium  permanganate  occurs  in  purple,  monoclinic  crystals, 
which  possess  a  blue,  metallic  luster  in  reflected  light.  It  is  soluble 
in  16  parts  of  water  and  forms  a  purple-red  solution.  The  pharma- 
copoeia gives  a  warning  that  it  should  never  be  triturated  with  easily 
oxidizable  substances,  while  pills  of  potassium  permanganate  should 
not  be  made  with  ordinary  excipients,  but  with  petroleum  mass 
(petrolatum  and  kaolin). 

The  oxidizing  action  of  potassium  permanganate  in  neutral  solution  is  best 
shown  by  the  following  equation: 

2KMn04     +     HjO     =     2Mn02     +     2K0H     +     O3. 

This,  when  reduced  into  words,  means  that  two  molecules  of  the  permanganate 
yield  three  molecules  of  available  oxygen.  By  comparison  of  this  with  the  oxidizing 
equation  of  nitric  acid,  given  on  p.  420,  it  is  seen  that  the  process  of  the  two  cases 
is  similar. 

When  permanganate  acts  in  acid  solution,  two  molecules  (or  one  molecule  of 
KjMnjOg  if  that  is  accepted  as  the  formula)  liberate  five  atoms  of  oxygen,  as  shown 
in  the  following  equation: 

2KMnO,     +     3H2SO,     =     2MnS0,     +     K^SO,     +     SH^O     +     O,. 

This  is  the  basis  of  the  use  of  potassium  permanganate  in  volumetric  analysis 
(p.  1006). 

Potassium  permanganate  is  one  of  the  most  convenient  oxidizing 
agents  for  use  in  organic  chemistry.  As  already  stated,  nitric  acid  is 
the  oxidizing  agent  generally  used  in  the  ordinary  processes  of 
oxidation  we  meet  in  pharmacy.  The  acid,  however,  acts  too  vio- 
lently for  use  in  many  organic  oxidations,  and  for  such  purposes 
either  potassium  permanganate  or  chromic  acid  is  employed.  The 
only  pharmaceutic  application  of  this  use  of  permanganate  is  in 
purifying  alcoholic  distillates.  In  such  cases  it  is  well  to  note 
that  the  permanganate  decomposes  with  the  formation  of  not  only 
insoluble  manganese  dioxide,  but  also  potassium  hydroxide,  which  will 
go  into  solution.  Therefore,  before  such  purified  alcohol  can  be 
employed,  it  should  be  redistilled. 

Potassium  permanganate  is  a  valuable  antiseptic  in  medicine, 
and  is  largely  used  in  surgical  practice.  One  advantage  it  possesses 
over  the  ordinary  oxidizing  antiseptics  is  its  comparative  freedom 
from  caustic  action.  In  practice  it  is  frequently  prescribed  in  the 
form  of  Condy's  fluid,  which  consists  of  128  grains  permanganate  to 
one  pint  of  distilled  water. 

Dose. — 65  milligrammes  (1  grain),  preferably  in  a  fine  powder  in 
capsules. 
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POTASSII   SULPHAS.     Potassium  Sulphate. 

KjSO,  =  173.07 

It  should  contain  not  less  than  99  per  cent,  of  pure  Potassium  Sulphate  [SOj- 
(OK),]. 

Hard,  colorless,  transparent,  six-sided,  rhombic  prisms  terminated  by  pyra- 
mids, or  a  white  powder,  odorless,  and  having  a  somewhat  bitter,  saline  taste. 
Permanent  in  the  air. 

Soluble  in  about  9  parts  of  water  at  25°  C.  (77°  F.)  and  in  4  parts  of  boiling 
water;  insoluble  in  alcohol. 

When  heated  the  crystals  decrepitate.  At  a  bright  red  heat  they  fuse,  and  at 
a  white  heat  the  salt  suffers  partial  decomposition. 

The  aqueous  solution  is  neutral  to  litmus-paper. 

Tests  for  Identity. — See  Potassium  and  Sulphates  in  Part  V. 

Impurities. — Heavy  metals  and  arsenic.     Details  in  Part  V. 

Remarks. — This  body  occurs  in  nature  in  the  ore,  kainite,  of  the 
composition  K2S04MgS04MgCl25H20.  It  is  made  artificially  by  treating 
either  potassium  nitrate  or  potassium  chloride  with  sulphuric  acid. 
It  is  in  the  form  of  colorless,  transparent,  rhombic  crystals,  soluble 
in  9h  parts  of  water.  It  is  interesting  to  note  that  these  crystals 
contain  no  water  of  crystallization,  thereby  differing  from  the  other- 
wise similar  sodium  sulphate,  which  contains  ten  molecules  of  water 
of  crystallization. 

Potassium  sulphate  is  employed  as  a  diuretic  and  refrigerant. 
Its  use  is  rather  limited,  especially  as  the  pharmacopoeia  has  omitted 
its  use  in  the  manufacture  of  Dover's  powder,  the  original  recipe  for 
this  pharmaceutic  directing  that  the  ipecac  and  opium  be  triturated 
with  crystallized  potassium  sulphate;  but  in  the  present  pharma- 
copoeia sugar  of  milk  is  substituted  for  this  salt.     (See  p.  304.) 

Dose. — 2  Gm.  (30  grains). 


CHAPTER   XXVI 
SODIUM. 

Symbol,  Na.    Atomic  weight,  approximately  23. 

The  symbol  Na  is  an  abbreviation  of  the  words  natrium,  this  being 
derived  from  natron,  which  was  from  the  Greek  word  nitron,  which  was 
the  original  name  of  the  carbonate.  Our  English  word  sodium  is 
derived  from  soda,  which  comes  from  the  word  sodash,  this  hinting 
its  preparation  from  the  ashes  of  "sods,"  or  marine  plants. 

Sodium,  like  potassium,  was  isolated  by  Sir  Humphrey  Davy  in 
1807  by  the  electrolysis  of  the  hydrate. 

Occurrence. — The  most  abundant  source  of  sodium  is  common 
salt,  or  sodium  chloride,  this  being  a  constituent  of  sea-water,  but 
chiefly  obtained  in  commerce  either  from  mines  or  by  the  evaporation 
of  brine  from  salt-wells.  Sea-water  is  a  scarcely  available  source 
of  sodium  chloride,  because  therein  are  found  chlorides  of  many 
other  elements  which  are  separated  with  difficulty. 
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Manufacture. — The  element  sodium  is  isolated  by  a  process  quite 
similar  to  that  by  which  we  obtain  potassium,  viz.,  by  heating  car- 
bonate with  coal,  chalk  being  added  as  a  flux.  This  process  is  not  so 
dangerous  as  is  the  preparation  of  potassium,  inasmuch  as  the  sodium 
carbonyl,  NaCO,  does  not  solidify  in  the  delivery  tube.     (See  p.  431.) 

Metallic  sodium  is  now  being  made  by  treating  sodium  hydrate 
with  iron  carbide  at  a  temperature  of  800°  C. 

It  is  also  obtained  by  the  electrolysis  of  sodium  hydrate  in  the 
same  manner  employed  in  isolating  potassium. 

Properties. — Sodium  is  a  soft,  silvery-white  metal,  resembling 
potassium,  and,  like  it,  is  so  easily  oxidized  that  it  must  be  kept 
under  petroleum.  When  metallic  sodium  and  mercury  are  rubbed 
together,  an  amalgam  results  which,  when  brought  into  contact  with 
moisture,  ignites.  This  mixture  has  been  used  as  a  cigar-lighter, 
but  its  danger  was  such  that  it  never  became  popular. 

The  characteristic  tests  of  the  element  and  its  salts  are  the  yellow 
color  that  it  communicates  to  a  colorless  flame;  a  white  precipitate 
formed  when  a  solution  of  sodium  salt  is  brought  into  contact  with  a 
solution  of  pyroantimoniate  of  potassium. 

The  sodium  flame  is  counted  among  the  most  delicate  of  tests,  it 
having  been  estimated  that  es.ob'o.ooo  E^^^^  will  respond  thereto. 
By  reason  of  its  sensitiveness  the  positive  testing  of  sodium  with  the 
flame  is  difficult,  as  almost  anything  tested  will  give  a  yellow  flame 
by  reason  of  the  presence  of  minute  traces  of  sodium.  Hence  the 
chemist  trains  his  eye  to  a  rough  estimation  of  the  quantity  shown 
by  the  intensity  of  the  flame,  rather  than  by  the  bare  fact  of  the 
presence  of  a  yellow,  color. 

The  following  compounds  of  sodium  and  their  preparations  are 
official: 

Sodium  hydroxide 90  per  cent,  absolute.     NaOH. 

Solution  of  sodium- hydroxide 5         "  "  NaOH. 

Sodium  acetate 99.5      "  "  NaCaHjOa+SHjO. 

Sodium*  benzoate 99         "  "  NaCyHjO^. 

Sodium  bicarbonate 99         "  "  NaHCO;,. 

Lozenges  of  sodium  bicarbonate (pharmaceutic). 

Sodium  bisulphite 90  per  cent,  absolute. 

Sodium  borate 99 

Sodium  bromide 97 

Monohydrated  sodium  carbonate. ...  99 

Sodium  chlorate 99 

Sodium  chloride 99 

Sodium  citrate 97 

Sodium  hypophosphite 98 

Sodium  iodide 98 

Sodium  nitrate 99 

Sodium  nitrite 90 

Sodium  phenolsulphonate 99 

Sodium  phosphate 99 

Exsiccated  sodium  phosphate 99 

Effervescent  sodium  phosphate 20  per  cent,  exsiccated  sodium  phosphate. 

Compound  solution  of  sodium  phosphate  contains  1000  Gm.  sodium  phosphate  to 
the  liter. 

Sodium  pyrophosphate 99  per  cent,  absolute. 

Sodium  salicylate 99.5      "  " 

Sodium  sulphate 99 

Sodium  sulphite 96         "  " 

Sodium  thiosulphate 98         "  " 


NaHSOj. 

NaAOr  +  lOHjO. 

NaBr. 

NajCOj  +  HjO. 

NaClOj. 

NaCl. 

2Na3C6H507  +  llH20. 

NaPHA  +  H^O. 

Nal. 

NaNOg. 

NaNO 

NaCeHAS+2H,0. 

Na2HPO,  +  12H20. 

Na^HPO^. 


Na^PA  +  lOHjO. 
NaC^HjOj. 
NajSO.  +  lOHA 
Na2S03  +  7H20. 
NaA0,  +  5H»0. 
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We  might  also  add: 

Potassium  and  sodium  tartrate  (considered  among  the  potassium  salts). 
Solution  of  chlorinated  soda  (considered  among  the  chlorine  preparations). 
Sodium  arsenate  (considered  among  the  arsenic  compounds). 
Exsiccated  sodium  arsenate  (considered  among  the  arsenic  compounds). 
Solution  of  sodium  arsenate  (considered  among  the  arsenic  compoimds). 


SODII  HYDROXIDUM.     Sodium  Hydroxide. 

NaOH  =  39.76 

[Soda,  Pharm.  1890] 

It  should  contain  not  less  than  90  per  cent,  of  pure  anhydrous  Sodium  Hydroxide 
and  not  more  than  2  per  cent,  of  other  inorganic  substances,  with  the  exception  of 
water.     It  should  be  kept  in  well-stoppered  bottles  made  of  hard  glass. 

Dry,  white  flakes,  fused  masses,  or  translucent  or  opaque  white  pencils,  show- 
ing a  crystalline  fracture,  odorless,  and  having  a  caustic  taste.  Great  caution  is 
necessary  in  tasting  and  handling  it,  as  it  rapidly  destroys  organic  tissues.  Exposed 
to  the  air,  it  rapidly  deliquesces,  absorbs  carbon  dioxide,  and  becomes  covered  with 
a  dry  coating  of  carbonate. 

Soluble  in  about  1  part  of  water  at  25°  C.  (77°  F.)  and  in  0.8  part  of  boiling 
water;  very  soluble  in  alcohol. 

When  heated  to  about  525°  C.  (977°  F.)  Sodium  Hydroxide  melts  to  a  clear, 
oily  liquid,  and  at  a  bright  red  heat  it  is  slowly  volatilized  unchanged.  When 
introduced  into  a  non-luminous  flame,  it  imparts  to  it  an  intense  yellow  color. 

A  solution  of  Sodium  Hydroxide,  even  when  greatly  diluted,  gives  an  alkaline 
reaction  with  red  litmus-paper. 

The  aqueous  solution  (1  in  20)  should  be  perfectly  clear  and  colorless  (absence 
of  organic  matter  and  insoluble  impurities). 

Tests  for  Identity. — Given  above. 

Impurities. — Organic  matter  (see  above),  potassium,  heavy 
metals,  excess  of  carbonate,  excess  of  silicate.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Soda  is  prepared  by  the  evaporation  of  a  solution  of 
soda.  It  occurs  in  irregular  lumps  or  in  cylindric  sticks,  just  as  does 
potassa,  and  is,  in  fact,  very  similar  to  potassa,  being  decidedly 
caustic  and  possessing  the  same  soapy  taste,  which  is  a  distinguishing 
characteristic  of  the  alkalis.  It  differs  from  potassa,  however,  in 
being  less  deliquescent. 

LIQUOR  SODII   HYDROXIDI.     Solution  of  Sodium  Hydroxide. 

[Liquor  Sod.e,  Pharm.  1890] 

An  aqueous  solution,  containing  about  5  per  cent,  of  Sodium  Hydroxide  [Na- 
OH =39.76]. 

Recipe. — Sodium  Hydroxide,  fifty-six  grammes 56  Gm. 

Distilled    Water,    nine    hundred     and     forty-four 

■grammes 944  Gm. 

To  make  one  thousand  grammes . .  1000  Gm. 

Dissolve  the  Sodium  Hydroxide  in  the  Distilled  Water. 

The  Sodium  Hydroxide  used  in  this  process  should  be  of  the  full  strength  and 
quality  directed  by  the  Pharmacopoeia  (90  per  cent.).  Sodium  Hydroxide  of  any 
other  strength,  however,  may  be  used,  if  a  proportionately  larger  or  smaller  quantity 
be  taken;  the  proper  amount  for  the  above  formula  being  ascertained  by  dividing 
6040  by  the  percentage  of  absolute  Sodium  Hydroxide  contained  therein. 

Solution  of  Sodium  Hydroxide  should  be  kept  in  bottles  made  of  green  glass, 
and  provided  with  glass  stoppers  coated  with  paraffin  or  petrolatum. 
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A  clear,  colorless  liquid,  odorless,  having  a  very  acrid  and  caustic  taste,  and  a 
strongly  alkaline  reaction. 

Specific  gravity:  about  1.056  at  25°  C.  (77°  F.). 

It  should  conform  to  the  reactions  and  tests  for  an  aqueous  solution  of  sodium 
hydroxide  given  under  Sodii  Hydroxidum. 

Assay. — Details  in  Part  V. 

Remarks. — Solution  of  soda  is  an  aqueous  solution,  containing 
5  per  cent,  of  absolute  NaOH.  It  is  prepared  by  a  process  analogous 
to  that  of  the  manufacture  of  the  solution  of  potassa,  by  treatment 
of  sodium  carbonate  with  calcium  hydrate,  as  shown  in  the  following 
equation: 

Na^COs     +     Ca(0H)2     =     2NaOH     +     CaCO,, 

Note  that  the  words  sodium  and  soda  are  not  to  be  used  indis- 
criminately. Sodium  is  an  element,  while  soda  is  the  hydrate  of  that 
element.  Note  the  absurdity  and  real  danger  of  the  term  "soda- 
water,  "  which  is  a  solution  of  carbonic  oxide  in  water. 

The  solution  of  soda  is  used  as  an  antacid. 

Dose. — 1  Cc.  (15  minims),  very  largely  diluted. 

Antidotes. — (See  p.  435.) 

SODII  ACETAS.     Sodium  Acetate. 

NaC^HjO^  +  3H2O  =  135.10 

It  should  contain  in  an  uneffioresced  condition  not  less  than  99.5  per  cent,  of 

Eure  Sodium  Acetate  [CHj.COONa  +  BHjO]  and  should  be  kept  in  well-stoppered 
ottles. 

Colorless,  transparent,  monoclinic  prisms,  or  a  granular,  crystalline  powder; 
odorless  and  having  a  cooling,  saline  taste.     Efflorescent  in  warm,  dry  air. 

Soluble  in  about  1  part  of  water  and  in  23  parts  of  alcohol  at  25°  C.  (77°  F.); 
and  in  all  proportions  of  boiling  water  and  of  boiling  alcohol. 

When  heated  to  60°  C.  (140°  F.)  the  salt  begins  to  liquefy.  At  123°  C. 
(253.4°  F.)  it  becomes  dry  and  anhydrous;  at  315°  C.  (599°  F.)  it  is  decomposed, 
with  evolution  of  inflammable,  empyreumatic  vapors,  leaving  a  black  residue  of 
sodium  carbonate  and  carbon,  which  imparts  to  a  non-luminous  flame  an  intense 
yellow  color,  gives  an  alkaline  reaction  with  litmus-paper,  and  effervesces  with  acids. 

An  aqueous  solution  of  the  salt  (1  in  20)  should  be  alkaline  to  red  litmus-paper, 
but  should  not  affect  phenolphthalein. 

Tests  for  Identity. — See  Sodium  and  Acetates  in  Part  V. 

Impurities. — Excess  of  potassium,  arsenic,  and  heavy  metals. 
Details  in  Part  V. 

Assay. — Details  in  Part  V, 

Remarks. — Sodium,  acetate,  like  the  potassium  salt,  is  made  from 
acetic  acid,  and  the  "stock"  salt  of  the  metal.  It  will  be  remembered 
that  the  "stock"  salt  of  potassium — the  one  usually  employed  in 
the  manufacture  of  ordinary  salts  of  that  metal — was  the  bicarbonate, 
the  carbonate  being  inadmissible  by  reason  of  its  indefinite  quality. 
With  sodium  compounds  the  "stock"  salt  is  the  carbonate,  as  it  is 
readily  crystalline  and  quite  stable  if  kept  in  a  well-corked  bottle. 
Its  tendency  is  toward  efflorescence — not  deliquescence — such  is  the 
usual  inclination  of  sodium  compounds;  just  as  soda  soap — Castile 
soap — grows  hard  and  dry  on  standing:  while  potassa  soap — soft 
soap — and  other  potassium  compounds  are  usually  deliquescent. 

Sodium  acetate  is  made  by  the  action  of  acetic  acid  on  sodium 
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carbonate,  and  the  latter  salt  is  used  in  the  manufacture  of  most 
sodium  compounds.  Let  us  compile  a  list  of  oflicial  godium  salts 
prepared  from  the  carbonate: 

Sodium  benzoate  from  benzoic  acid  and  sodium  carbonate. 

Sodium  bisulphite  from  sulphurous  acid  and  sodium  carbonate. 

Sodium  bromide  from  ferrous  bromide  and  sodium  carbonate. 

Sodium  hypophosphite  from  calcium  hypophosphite  and  sodium  carbonate. 

Sodium  iodide  from  ferrous  iodide  and  sodium  carbonate. 

Sodium  phosphate  from  acid  calcium  phosphate  and  sodium  carbonate. 

Sodium  salicylate  from  salicylic  acid  and  sodium  carbonate. 

Sodium  sulphite  from  sulphurous  acid  and  sodium  carbonate. 

Sodium  sulphocarbolate  from  barium  sulphocarbolate  and  sodium  carbonate. 

Solution  of  sodium  silicate  (U.  S.  P.  1890)  from  sand  and  sodium  carbonate. 

Sodium  arsenate  from  arsenous  acid,  sodium  nitrate,  and  sodium  carbonate. 

The  pharmaceutic  value  of  sodium  carbonate  can  thus  be  seen. 

Sodium  acetate  occurs  in  the  form  of  colorless,  transparent 
crystals,  or  in  a  granular  powder,  and  must  be  kept  in  well-stoppered 
bottles  by  reason  of  its  deliquescence.  It  is,  however,  by  no  means 
so  deliquescent  as  is  the  corresponding  potassium  compound. 

Dose. — 1  Gm.  (15  grains). 

SODII  ARSENAS.     Sodium  Arsenate. 

This  will  be  considered  among  the  arsenic  compounds  (p.  577). 

SODII   BENZOAS.     Sodium  Benzoate. 

NaQHsOj  =  143.01 

It  should  contain  not  less  than  99  per  cent,  of  pure  Sodium  Benzoate  [CgHj.- 
COONa]  and  should  be  kept  in  well-stoppered  bottles. 

A  white,  amorphous,  granular  or  crystalline  powder;  odorless  and  having  a 
sweetish  astringent  taste.     Permanent  in  the  air. 

Soluble  in  1.6  parts  of  water  and  in  43  parts  of  alcohol  at  25°  C.  (77°  F.);  in 
1.3  parts  of  boiling  water  and  in  12  parts  of  boiling  alcohol. 

When  heated  the  salt  melts,  emits  vapors  having  the  odor  of  benzoic  acid, 
then  chars,  and  finally  leaves  a  residue  of  sodium  carbonate  and  carbon.  To  a 
non-luminous  fiame  it  imparts  an  intense  yellow  color. 

Its  aqueous  solution  is  neutral  or  slightly  alkaline  to  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Benzoates  in  Part  V. 

Impurities. — Heavy  metals.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Of  this  rather  uninteresting  salt,  little  is  necessary  to 
be  stated  beyond  the  pharmacopoeial  description.  Its  method  of 
manufacture  has  been  outlined  above. 

Dose. — 1  Gm.  (15  grains). 

Sodium  bicarbonate,  NaHCOg,  will  be  considered  along  with 
sodium  carbonate,  as  the  two  are  so  mutually  dependent  that  they 
should  be  studied  together. 

SODII   BISULPHIS.     Sodium  Bisulphite. 

NaHSOj  =  103.35 

It  should  contain  not  less  than  90  per  cent,  of  pure  Sodium  Bisulphite  and 
should  be  kept  in  a  cool  place,  in  small,  completely  filled,  well-stoppered  bottles. 
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Opaque,  prismatic  crystals,  or  a  granular  powder,  exhaling  an  odor  of  sulphur 
dioxide,  and  having  a  disagreeable,  sulphurous  taste.  Exposed  to  the  air  the 
salt  loses  sulphur  dioxide,  and  is  gradually  oxidized  to  sulphate. 

Soluble  in  3.5  parts  of  water  and  in  70  parts  of  alcohol  at  25°  C.  (77°  F.);  in 
about  2  parts  of  boiling  water  and  in  49  parts  of  boiling  alcohol. 

When  strongly  heated  the  salt  decrepitates,  emits  vapors  of  sulphur  and  of 
sulphur  dioxide,  and  leaves  a  residue  of  sodium  sulphate.  To  a  non-luminous 
flame  it  imparts  an  intense  yellow  color. 

Its  aqueous  solution  gives  an  acid  reaction  with  blue  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Sulphites  in  Part  V. 

Impurities. — Thiosulphates,  heavy  metals.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Sodium  bisulphite  is  another  of  the  acid  salts  described  on  p.  378. 
Being  a  bisulphite,  it  is  a  derivative  of  sulphurows  acid,  which  itself 
is  derived  from  sulphurous  oxide.  This  oxide  shows  sulphur  with 
the  valence  iv,  and  its  formula  is  SOj,  as  is  shown  graphically  on 
p.  365.  S02  +  H20  =  H2S03,  which  is  sulphurous  acid.  When  all  the 
hydrogen  of  sulphurous  acid  is  replaced  by  sodium,  we  get  sodium 
sulphite,  NajSOg;  but  when  only  one  of  the  hydrogen  atoms  is  replaced 
— by  one  atom  of  sodium — we  get  the  bisulphite,  NaHSOg. 

This  salt  is  made  by  passing  sulphurous  acid  gas  through  solu- 
tion of  sodium  carbonate  to  saturation.  The  solution  is  then  cooled, 
when  the  salt  crystallizes  out. 

Sodium  bisulphite  is  an  unstable  solid,  rapidly  losing  sulphur 
dioxide  and  becoming  oxidized  to  sulphate.  For  this  reason  the 
pharmacopoeia  directs  that  it  be  kept  in  a  cool  place,  in  small,  well- 
stoppered  bottles,  which  are  to  be  completely  filled.  Sodium  bisul- 
phite is  used  as  a  reducing  agent  in  organic  chemistry,  and  is  par- 
ticularly valuable  in  the  bleaching  industry  for  the  removing  of 
the  last  traces  of  chlorine  from  the  bleached  fabric.  Substances  used 
for  this  purpose  are  known  as  antichlors.  It  is  comparatively  little 
used  in  medicine,  but  when  so  used,  it  is  as  an  antiseptic. 

Dose. — 500  milligrammes  (7^  grains). 

SODII   BORAS.     Sodium   Borate. 

NajBA  +  IOH2O  =  379.32 

It  should  contain  in  the  uneffloresced  condition  not  less  than  99  per  cent,  of 
pure  sodium  tetraborate  and  should  be  kept  in  well-stoppered  bottles. 

Colorless,  transparent,  monoclinic  prisms,  or  a  white  powder,  inodorous,  and 
having  a  sweetish,  alkaline  taste.     Slightly  efflorescent  in  warm,  dry  air. 

Soluble  in  20.4  parts  of  water  at  25°  C.  (77°  F.)  and  in  0.5  part  of  boiling 
water;  insoluble  in  alcohol;  it  is  soluble  in  1  part  of  glycerin  at  80°  C.  (176°  F.). 

When  heated,  the  salt  at  first  loses  part  of  its  water  of  crystallization,  then 
melts,  and,  when  further  heated,  swells  up  and  forms  a  white,  porous  mass. 

At  a  red  heat  it  loses  all  of  its  water  of  crystallization  (47  percent.)  and  fuses 
to  a  colorless  glass.     To  a  non-luminous  flame  it  imparts  an  intense  yellow  color. 

An  aqueous  solution  (1  in  20)  colors  red  litmus-paper  blue  and  yellow  turmeric 
paper  reddish-brown.  After  being  acidulated  with  hydrochloric  acid,  the  solution 
colors  blue  litmus-paper  red;  yellow  turmeric  paper  remains  unchanged  at  first, 
but  on  drying  becomes  brownish-red,  and  this  color  is  temporarily  changed  to 
bluish-black  by  moistening  with  ammonia  water. 

Tests  for  Identity. — See  Sodium  and  Borates  in  Part  V. 
Impurities. — Carbonates,  bicarbonates,  heavy  metals,  phosphate, 
nitrates.     Details  in  Part  V. 
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Sodium  borate — ordinary  borax — is  a  valuable  and  interesting 
chemical.  Its  formula,  Na2B407,  seems  most  difficult,  and  con- 
tradictory to  the  formula  of  boric  acid  already  given — H3BO3,  but 
investigation  clears  up  the  matter.  Remember  that  the  valence  of 
boron  is  iii;  that  boric  acid  is  a  true  ortho-acid — B(0H)3  or  H3BO3. 
True  sodium  borate  has  the  formula  Na3B03,  and  what  we  call  sodium 
borate  is  not  the  true  salt,  but  a  ^'pyroborate."  The  Greek  word  for 
fire  is  "pyros,"  and  all  chemicals  bearing  the  prefix  "pyro"  are 
bodies  formed  under  influence  of  high  heat.  In  passing,  such  exam- 
ples as  " pyroligneous  acid"  (crude  acetic  acid),  "pyrogallic  acid," 
and  " pyrophosphoric  acid"  may  be  cited.  Like  these,  pyroboric 
acid  and  pyroborates  are  made  by  subjecting  the  mother  substance 
to  heat. 

Let  us  see  what  will  occur  when  boric  acid  is  heated.  It  will,  of 
course,  like  all  ortho-acids,  lose  water,  and,  under  proper  conditions, 
in  a  most  peculiar  ratio: 

Taking  4H3BO3,  this  carried  out  gives  H12B4O12 

Let  us  subtract  from  this  SH^O,  Hiq     O5 

We  then  have  left  pyroboric  acid,       Hj  B4O7 

the  sodium  salt  of  which,  Na2B407,  is  official  borax,  which  is  a  \ 
natural  product,  being  found  in  certain  lakes  of  Thibet,  Tartary,  \ 
and  India.  The  impure  borax,  obtained  by  spontaneous  evaporation 
of  the  waters  of  these  lakes,  is  called  tincal.  At  the  present  time 
practically  all  the  American  borax  is  obtained  from  the  borax  lakes 
found  in  the  Death  Valley  of  Nevada.  It  is  also  made  by  treating 
the  native  boric  acid  of  Tuscany  with  sodium  carbonate. 

Borax  occurs  either  in  colorless,  transparent  prisms  or  in  a  white 
powder,  odorless,  and  having  a  sweetish,  alkaline  taste. 

It  is  soluble  in  16  parts  of  water  and  in  1  part  of  glycerin.  When 
heated,  it  fuses  and  solidifies  into  a  transparent  solid  called  borax 
glass.  This  borax  glass  is  used  quite  largely  in  analytic  work  under 
the  name  of  borax  bead,  the  chemical  being  fused  on  a  loop  of  platinum 
wire,  thereby  forming  a  minute  globule  of  borax  glass.  When  this 
body  is  melted  with  certain  metallic  salts,  the  body  is  given  charac- 
teristic colors.     (See  p.  985.) 

Borax  is  one  of  the  most  valuable  of  the  sodium  compounds.  It 
is  used  in  numerous  operations  where  a  mild  alkali  is  indicated,  it 
completely  possessing  the  character  of  an  alkali,  and  yet  acts  in  a 
manner  much  milder  than  does  either  sodium  carbonate  or  the 
bicarbonate.  This  explains  its  extensive  use  in  cleansing  delicate 
fabrics,  such  as  fine  cloth  or  hair,  where  stronger  alkalis  would 
act  disastrously.  It  is  also  a  valuable  antiseptic,  and  for  such 
purposes  it  is  used  as  a  preservative  for  meats  and  food.  In  medicine 
it  is  used  as  a  mild  antiseptic,  chiefly  externally. 

Dose. — 500  milligrammes  (7^  grains). 

Compound  Solution  of  Sodium  Borate  (N.  F.),  or  Dobell's  Solution,  is  rather 
largely  used  as  a  nasal  douche. 

The  recipe  calls  for  15  Gm.  sodium  borate,  15  Gm.  sodium  bicarbonate,  3  Gm. 
phenol,  35  Cc.  glycerin,  and  water  to  make  1000  Cc.  For  details  see  the  National 
Formulary. 
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SODII   BROMIDUM.     Sodium  Bromide. 

NaBr  =  102.24 

It  should  contain,  when  dried,  not  less  than  97  per  cent,  of  pure  Sodium  Bro- 
mide and  should  be  kept  in  well-stoppered  bottles. 

Colorless  or  white  cubical  crystals,  or  a  white  granular  powder,  odorless,  and 
having  a  saline,  slightly  bitter  taste.  The  salt  absorbs  moisture  from  the  air  without 
deliquescing. 

Soluble  in  about  1.7  parts  of  water  and  in  12.5  parts  of  alcohol  at  25°  C.  (77°  F.); 
in  0.8  part  of  boiling  water  and  in  1 1  parts  of  boiling  alcohol. 

When  heated  to  a  bright  red  heat  the  salt  melts,  and,  at  a  somewhat  higher 
temperature,  slowly  volatilizes  without  decomposition.  To  a  non-luminous  flame 
it  imparts  an  intense  yellow  color. 

An  aqueous  solution  (1  in  20)  is  neutral  or  shows  a  faintly  alkaline  reaction 
with  red  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Bromides  in  Part  V. 

Impurities. — Excess  of  alkali,  iodides,  heavy  metals,  bromates, 
and  barium.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  chemical  is  made  by  methods  analogous  to  that 
employed  in  making  potassium  bromide;  that  is,  by  treatment  of 
sodium  hydrate  with  bromine,  and  the  subsequent  heating  of  the 
mixture  with  charcoal,  or  by  the  double  decomposition  of  ferrous 
bromide  with  sodium  bicarbonate. 

Sodium  bromide  occurs  in  white,  cubic  crystals  which  are  soluble 
in  1.2  parts  of  water.  The  crystals  attract  moisture,  but  do  not 
liquefy  therein.  It  is  used  as  a  mild  sedative,  closely  resembling 
potassium  bromide  in  action. 

Dose. — 1  Gm.  (15  grains). 

SODII  CARBONAS  MONOHYDRAS.     Monohydrated  Sodium 

Carbonate. 

NajCOs  -I-  HjO  =  123.19 

It  should  contain  not  less  than  85  per  cent,  of  pure  anhydrous  Sodium  Carbonate 
rC0.(0Na)2],  corresponding  to  not  less  than  99.5  per  cent,  of  the  crystallized  mono- 
hydrated salt. 

A  white,  crystalline,  granular  powder,  odorless,  and  having  a  strongly  alkaline 
taste.  When  exposed  to  the  air,  under  ordinary  conditions,  it  absorbs  only  a 
slight  percentage  of  moisture;  exposed  to  warm,  dry  air  at  or  above  50°  C.  (122°  F.) 
the  salt  effloresces,  and  at  100  C.  (212°  F.)  it  loses  its  water  of  crystallization 
(14.52  per  cent.). 

Soluble  in  2.9  parts  of  water  at  25°  C.  (77°  F.)  and  in  1.8  parts  of  boiling 
water;  insoluble  in  alcohol  and  in  ether;  soluble  in  8  parts  of  glycerin. 

The  aqueous  solution  shows  an  alkaline  reaction  with  red  litmus-paper,  and 
effervesces  strongly  with  acids.  To  a  non-luminous  flame  the  solution  imparts 
an  intense  yellow  color. 

Tests  for  Identity. — See  Sodium  and  Carbonates  in  Part  V. 

Impurities. — Heavy  metals.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Sodium  carbonate,  the  next  chemical  demanding  our 
attention,  is,  with  the  sole  exception  of  sulphuric  acid,  the  most  widely 
used  manufactured  product  in  the  chemical  world.  To  mention  all 
the  many  important  industries  in  which  sodium  carbonate  is  a  potent 
factor  would  occupy  too  much  space,  but  chief  among  the  branches  of 
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trade  to  which  sodium  carbonate  is  essential  are  soap-making  and 
glass  manufacture. 

In  early  time  the  only  source  of  sodium  carbonate  was  by  evapo- 
ration of  water  from  certain  soda  lakes,  such  as  trona  from  Egypt, 
or  from  the  crude  salt  obtained  by  lixiviating  the  ashes  of  sea-weeds, 
rich  in  soda,  such  as  barilla  from  Spain.  The  output  from  these 
sources  was  rather  limited,  and  as  the  soap  and  glass  industries 
became  more  important,  the  need  for  cheap  sodium  carbonate 
became  more  and  more  imperative,  and,  accordingly,  a  prize  was 
offered  by  the  Paris  Academy,  in  1782,  for  the  best  method  of  artificial 
production  of  this  valuable  alkali,  and  the  prize  was  awarded  to 
Nicholas  Leblanc.  In  1794  the  French  government  took  charge  of 
his  factory. 

A  most  striking  proof  of  the  value  of  the  process  is  shown  by  the 
fact  that  to  this  day  a  large  amount  of  sodium  carbonate  is  still 
manufactured  by  the  Leblanc  process. 

In  passing,  it  should  be  mentioned  that  Leblanc's  process,  like  most  other 
great  discovenes,  did  not  originate  solely  with  the  man  whose  name  it  bears.  Duha- 
mel  in  1736  converted  sodium  chloride  successfully  into  sodium  sulphate,  sodium 
sulphide,  sodium  acetate,  and  lastly  into  sodium  carbonate.  Marggraf,  1759, 
shortened  the  transformation  by  converting  sodium  chloride  into  sodium  sulphate, 
then  into  sodium  nitrate,  and  this,  by  strong  heat,  into  the  oxide  which,  on  standing, 
absorbed  enough  carbon  dioxide  from  the  air  to  change  into  carbonate. 

It  is  even  said  that  the  last  portion  of  the  Leblanc  process  (use  of  coal  and 
limestone)  was  suggested  to  him  by  De  la  Mitherie,  but  be  this  as  it  may,  it  was 
Leblanc  established  the  first  factory  for  the  manufacture  of  sodium  carbonate,  and 
to  him  the  real  credit  is  due,  although  it  has  been  recently  claimed  that  even  this 
credit  belongs  to  another,  the  chemist  Dize. 

Leblanc  chose  as  the  sodium  compound  on  which  to  begin  opera- 
tions that  which  was  most  widely  distributed;  that  body  which  was 
found  both  on  land  and  in  the  sea — sodium  chloride  or  common 
salt.  This  is  the  cheapest  sodium  compound,  and  the  only  reason  it 
is  not  used  as  the  "stock  salt"  in  chemical  manufacturing — in  making 
other  sodium  salts — is  because  of  the  difficulty  with  which  it  decom- 
poses, there  being  very  few  acids  which  can  break  it  up.  Among 
these  is  sulphuric  acid,  the  reaction  being  2NaCl4-H2S04=Na2S04- 
+  2HC1.  Note  that  hydrochloric  acid,  HCl,  is  a  side  product  in  the 
process.  In  England,  when  the  manufacture  was  first  begun,  the 
acid  was  allowed  to  escape  with  the  air  through  tall  chimneys,  with 
most  terrible  results — as  the  vapor  mingled  with  the  aqueous  vapor 
and  fell  with  the  latter  as  rain,  destroying  vegetation  and  ruining 
health.  So  great  was  the  damage  that  stringent  laws  were  enacted 
prohibiting  the  discharge  of  the  acid  vapor.  Thereupon  the  manu- 
facturers took  to  condensing  the  vapors  and  disposing  of  the  hydro- 
chloric acid,  and  by  curious  change  of  times,  at  present,  the  keen 
competition  has  so  lessened  the  price  of  sodium  carbonate  that  the 
manufacturers  gain  much  of  their  profit  from  the  sale  of  the  acid. 

To  return  to  the  process,  which  we  have  only  followed  to  the 
formation  of  sodium  sulphate,  and  which  seems  as  far  off  as  was 
the  chloride.  But  Leblanc's  genius  solved  the  problem  of  conversion. 
He  realized  that  while  the  sulphofe  was  a  very  stable  body,  the  sulphide 
was  quite  weak — could  be  replaced  even  by  the  CO3  group. 

The  changing  of  the  sulphate,  Na2S04,  to  the  sulphide,  NajS,  is 
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very  simple.  It  is  merely  a  process  of  reduction,  and  is  performed 
by  the  reducing  agent  we  used  in  the  manufacture  of  sulphurous 
acid — the  element  carbon,  usually  in  the  form  of  common  coal. 
The  reaction  is  as  follows: 

Na,SO,     +     Cj     =     2CO2     +     Na^S. 

Having  converted  the  strong  sulphate  into  the  easily  dissociated 
sulphide,  the  next  step  is  to  bring  about  a  double  decomposition 
between  this  sulphide  and  some  cheap  carbonate.  The  carbonate 
best  answering  this  requirement  is  the  calcium  salt,  which  is  abun- 
dantly found  as  marble,  limestone,  chalk,  and  oyster  shells.  This 
salt  is  accordingly  employed,  and  the  reaction  is: 

Na^S     +     CaCOa     =     Na^COa     +     CaS.      • 

In  practice,  the  sulphate  is  heated  with  coal  and  limestone  at  the 
same  time,  hence  the  two  actions  run  simultaneously. 

The  next  process  we  have  to  consider  is  that  which  leads  to  the 
sodium  bicarbonate  instead  of  to  the  carbonate.  This  is  the  Solvay 
process,  and  is  one  of  the  most  clear-cut  processes  we  meet  in  chemis- 
try, as  both  reaction  products  are  valuable,  and  there  is  little  waste- 
product.  It  is  also  called  the  ''ammonia  soda  process,"  after  the 
constituents  employed. 

Like  Leblanc's  process,  it  starts  off  with  that  most  abundant 
source  of  sodium,  the  chloride. 

A  solution  of  salt  is  placed  in  a  tin-lined  vat  and  is  saturated 
with  ammonia  gas.  This  liquid,  on  cooling,  is  pumped  into  a  second 
vat,  where  it  absorbs  carbon  dioxide  gas  and  forms  sodium  bicar- 
bonate and  ammonium  chloride  by  the  following  reaction: 

NaCl     +     NH3     +     HjO     +     COj,     =     NaHCOs     +     NH.Cl. 

The  process  is  comparatively  modern,  and  is  likely  eventually  to 
replace  the  Leblanc  process,  as  it  is  less  wasteful  and  yields  a  finer 
and  more  expensive  product. 

The  third  method  for  obtaining  the  carbonic  acid  compounds  of 
sodium  is  by  the  cryolite  process,  which  is  named  from  the  Greenland 
mineral,  which  is  the  stock  salt.  Cryolite  is  a  fluoride  of  aluminum 
and  sodium,  the  formula  of  which  is  not  so  difficult  if  one  only  remem- 
bers that  fluorine  forms  compounds  entirely  analogous  to  the  chlorides, 
the  bromides,  and  the  iodides.  Aluminum  fluoride  is  AIFI3,  since 
aluminum  is  trivalent  and  the  linkage  is  graphically  as  follows: 


Al 


-Fl 
-Fl 
-Fl 


When  written  double,  the  formula  is  ALFlg.  Sodium  fluoride  is 
NaFl — exactly  analogous  to  NaCl.  The  proportions  in  which  these 
two  fluorides  combine  are  six  molecules  of  NaFl  to  one  of  AljFlg. 

The  method  of  manufacture  of  the  Carbon  from  cryolite  has  not 
the  extended  use  that  Leblanc's  and  Solvay 's  processes  enjoy,  it  being 
practically  a  monopoly  of  one  corporation. 
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Cryolite  is  first  heated  with  limestone,  and  is  thus  converted  into 
sodium  aluminate  and  calcium  fluoride,  as  shown  in  the  following 
equation: 

AljFls     +     6NaFl     +     eCaCOs     =     Al2(0Na)a     +     6CaFl,     +     eCO^. 

The  graphic  formula  of  sodium  aluminate  is  supposed  to  be  as 
follows: 


— ONa 

— ONa 
—ONa 

—ONa 
—ONa 
—ONa 


That  is,  aluminum  hydrate  (p.  534)  with  its  six  atoms  of  hydrogen 
replaced  by  six  atoms  of  sodium. 

It  is  met  with  in  analytic  chemistry,  one  of  the  tests  for  aluminum 
being  that  any  soluble  salt  of  this  metal,  when  treated  with  sodium 
hydroxide,  yields  a  gelatinous  precipitate,  aluminum  hydroxide, 
which  is  soluble  in  an  excess  of  sodium  hydroxide  (p.  534). 

In  other  words,  when  an  excess  of  sodium  hydroxide  is  added, 
the  aluminum  hydroxide  combines  with  it  to  form  a  soluble  aluminate 
of  sodium,  just  described.  This  reaction  is  also  employed  in  the 
separation  of  iron  from  aluminum  in  analytic  work. 

Returning  to  our  cryolite  process:  the  aluminate  of  sodium  is 
converted  into  sodium  carbonate  by  treatment  with  carbon  dioxide 
gas  by  the  following  reaction: 

Al2(ONa)6     +    3C0j     =     SNa^COg     +    AI2O3. 

The  commercial  value  of  this  method  of  manufacturing  sodium 
carbonate  is  due  not  only  to  the  output  of  sodium  carbonate,  but 
also  to  the  fact  that  the  side-products — aluminum  oxide  and  calcium 
fluoride — are  worked  up  into  the  alums  and  the  fluorine  derivatives 
respectively. 

Sodium  carbonate  is  an  antacid,  but  is  not  used  much  internally, 
the  less  irritating  bicarbonate  being  preferred. 

Dose. — 250  milligrammes  (4  grains). 

Sodii  Carbonas  (U.  S.  P.  1890)  was  the  crystalline  dekahydrated  form;  that  is, 
containing  ten  molecules  of  water  of  crystallization — NajCOjlOHjO.  This  is 
what  is  familiarly  called  washing-soda,  and  had  the  disadvantage  of  being  very 
efflorescent;  so  much  so  that  the  writer  has  seen  crystals  of  the  salt  lose  water 
while  still  in  the  crystallizing  vat.  This  made  it  a  matter  of  difficulty  to  employ 
the  salt  in  work  involving  molecular  proportions;  hence  in  the  last  revision  the 
monohydrated  salt  was  given  official  recognition.  Because  the  monohydrated  salt 
is  both  stable  and  concentrated,  it  replaced  both  the  crystalline  and  the  exsiccated 
carbonate  of  the  old  pharmacopoeia. 

Sodii  Carbonas  Exsiccatus  (U.  S.  P.  1890). — ^This  substance  is  made  by  taking 
dekahydrated  sodium  carbonate  and  exsiccating  it  at  a  temperature  of  about  45°  C. 
(115°  F.)  until  the  product  has  lost  half  its  weight.  The  object  of  using  the  heat 
of  a  water-bath  is  in  order  to  avoid  the  possible  loss  of  carbon  dioxide.  The  dry 
carbonate  is  used  for  the  same  purpose  as  in  the  dekahydrated,  but  is  about  twice 
the  strength,  and  is  preferable  for  filling  prescriptions  of  pills  and  powders. 


464  PRINCIPLES   OF   PHARMACY 

SODII   BICARBONAS.     Sodium  Bicarbonate. 

NaHCOa  =  83.43 

It  should  contain  not  less  than  99  per  cent,  of  pure  Sodium  Bicarbonate  [CO(OH)- 
(ONa)]  and  should  be  kept  in  well-closed  vessels,  in  a  cool  place. 

A  white,  opaque  powder,  odorless,  and  having  a  cooling,  mildly  alkaline  taste. 
Permanent  in  dry,  but  slowly  decomposed  in  moist  air. 

Soluble  in  12  parts  of  water  at  15°  C.  (59°  F.);  above  this  temperature  the 
solution  gradually  loses  carbon  dioxide,  and  at  boiling  heat  the  salt  is  entirely 
converted  into  normal  carbonate;  insoluble  in  alcohol. 

When  heated,  the  salt  is  decomposed  into  normal  carbonate,  water,  and  carbon 
dioxide,  and,  finally,  at  100°  C.  (212°  F.),  loses  about  36.9  per  cent,  of  its  weight. 
At  a  bright  red  heat  it  melts.  To  a  non-luminous  flame  it  imparts  an  intense 
yellow  color. 

The  solution,  when  freshly  prepared  with  cold  distilled  water,  without  shaking, 
gives  a  slightly  alkaline  reaction  with  litmus-paper.  The  alkalinity  increases  by 
standing,  agitation,  or  increase  of  temperature. 

With  acids  the  solution  effervesces  strongly. 

If  Sodium  Bicarbonate  be  heated  in  a  test-tube,  no  odor  of  ammonia  should 
be  evolved. 

If  1  Gm.  of  the  salt  be  dissolved  in  19  Cc.  of  water,  it  should  yield  a  perfectly 
clear  and  colorless  solution,  leaving  no  residue. 

Tests  for  Identity. — See  Sodium  and  Carbonates  in  Part  V. 

Impurities. — Ammonia  (see  above),  excess  of  carbonate,  sulpho- 
cyanate,  and  heavy  metals.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

The  process  for  making  this  salt  is  the  Solvay  process  just  described. 
It  can  also  be  made  by  treating  sodium  carbonate  with  carbon  dioxide, 
but  such  a  process  is  no  longer  much  employed. 

Sodium  bicarbonate  usually  occurs  in  the  form  of  a  white,  opaque 
powder,  which  is  soluble  in  11.3  parts  of  water;  therefore  much  less 
soluble  than  is  the  carbonate.  Sodium  bicarbonate  is  a  popular 
antacid,  being  comparatively  free  from  irritating  action. 

Dose. — 1  Gm.  (15  grains). 

SODII   CHLORAS.     Sodium  Chlorate. 

NaClOg  =  105.70 

It  should  contain  not  less  than  99  per  cent,  of  pure  Sodium  Chlorate  [ClOj.ONa]. 

This  salt  should  be  kept  in  well-stoppered  bottles,  and  great  caution  should  be 
observed  in  handling  it,  as  dangerous  explosions  are  liable  to  occur  when  it  is  heated, 
or  subjected  to  concussion  or  trituration  with  organic  substances  (cork,  tannic  acid, 
sugar,  etc.),  or  with  sulphur,  antimony  sulphide,  phosphorus,  or  other  easily  oxidiz- 
able  substances. 

Colorless,  transparent  crystals  (principally  cubes  with  tetrahedral  facets),  or 
a  crystalline  powder;  odorless  and  having  a  cooling,  saline  taste.  Permanent  in 
dry  air. 

Soluble  in  about  1  part  of  water  and  in  about  100  parts  of  alcohol  at  25°  C. 
(77°  F.);  in  0.5  part  of  boiling  water  and  in  about  40  parts  of  boiling  alcohol; 
also  soluble  in  about  5  parts  of  glycerin. 

When  heated  the  salt  melts,  then  gives  off  oxygen  (about  45  per  cent,  of  its 
weight),  and  finally  leaves  a  residue  of  sodium  chloride,  readily  soluble  in  water, 
and  yielding,  with  a  silver  nitrate  T.S.,  a  white,  curdy  precipitate,  insoluble  in 
nitric  acid.     To  a  non-luminous  flame  it  imparts  an  intense  yellow  color. 

An  aqueous  solution  of  Sodium  Chlorate  (1  in  20)  is  neutral  to  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Chlorates  in  Part  V. 
Impurities. — Potassium,  lead,  and  copper.     Details  in  Part  V. 
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Remarks. — This  chemical  is  made  like  potassium  chlorate,  by 
treating  calcium  chlorate  with  sodium  chloride. 

It  can  also  be  made  by  treating  potassium  chlorate  with  sodium 
bitartrate  by  the  following  equation: 

KCIO3     +     NaHC,H,0,     =     KHC,H,0,     +     NaClOj. 

The  potassium  bitartrate  produced  in  the  reaction  precipitates  from 
the  solution  as  it  does  in  the  Fothergill  process  (p.  414). 

Sodium  chlorate  so  closely  resembles  potassium  chlorate  that 
extended  comment  is  unnecessary.  Like  potassium  chlorate,  it 
must  be  handled  carefully  in  reference  to  trituration  with  oxidizable 
bodies,  in  order  to  avoid  an  explosion. 

Its  only  advantage  over  potassium  chlorate  is  that  it  is  more 
soluble  in  water,  1  part  of  the  sodium  salt  dissolving  in  1.1  parts 
of  water,  while  1  part  of  potassium  chlorate  requires  16.5  parts  of 
water  to  make  a  solution.  Its  uses  are  about  the  same  as  those  of 
potassium  chlorate. 

Dose. — 250  milligrammes  (4  grains). 

SODII   CHLORIDUM.     Sodium  Chloride. 

NaCl  =  58.06 

It  should  contain  when  dried  not  less  than  99  per  cent,  of  pure  Sodium  Chloride. 

Colorless,  transparent,  cubical  crystals,  or  a  white,  crystalline  powder,  odor- 
less, and  having  a  purely  saline  taste.     Permanent  in  dry  air. 

Soluble  in  2.8  parts  of  water  at  25°  C.  (77°  F.)  and  in  2.5  parts  of  boiling 
water;  almost  insoluble  in  alcohol. 

When  heated,  the  salt  decrepitates.  At  a  red  heat  it  fuses,  and  at  a  white 
heat  it  is  slowly  volatilized  and  partly  decomposed.  To  a  non-luminous  flame 
it  imparts  an  intense  yellow  color. 

An  aqueous  solution  of  the  salt  is  neutral  to  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Chlorides  in  Part  V. 

Impurities. — Heavy  metals,  bromide,  and  iodide.  Details  in 
Part  V. 

Assay. — Details  in  Part  V. 

Sodium  chloride,  or  comm,on  salt,  is  one  of  the  most  valuable  and 
ancient  of  the  chemicals.  It  is  essential  to  animal  economy,  hence 
is  has  been  used  from  the  earliest  days.  As  mentioned  above,  it  is 
the  chief  source  of  metallic  sodium  and  of  the  sodium  compounds, 
and  is  found  in  the  native  state  widely  distributed. 

Its  presence  in  sea-water,  salt-wells,  and  salt  mines  has  been 
mentioned,  so  here  it  is  only  necessary  to  state  that,  among  the  chief 
deposits  of  salt,  are  the  mines  near  Cracow,  in  eastern  Poland;  near 
Salzburg,  in  Tyrol;  and  the  Petit  Anse  mines  of  southwest  Louisiana. 
In  many  parts  of  the  world  are  found  deposits  of  salt  of  not  sufficient 
area  to  justify  mining.  In  these  cases  shafts  are  sunk  until  the  deposit 
is  reached,  water  poured  in,  and  when  saturated  with  the  salt,  is 
pumped  out  and  the  solution  evaporated.  Such  process  is  now 
carried  on  in  Cleveland,  O.  Another  source  of  salt  is  the  natural 
salt  springs  found  in  certain  sections  of  the  world.  There  are  many 
of  these  in  Germany  of  insufficient  concentration  to  justify  the  use 
of  heat  for  complete  evaporation,  and  in  such  cases  the  major  portion 

30 
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of  the  water  is  removed  by  the  application  of  spontaneous  evapora- 
tion, explained  on  p.  89. 

Normal  saline  solution,  which  is  in  some  demand,  is  a  y^^  of  1  per 
cent,  solution  of  sodium  chloride.  It  is  presumably  of  the  same 
saline  strength  as  blood-serum,  and  is  used  for  transfusion  operations. 

Dose. — As  emetic,  16  Gm.  (240  grains). 

SODII   CITRAS.     Sodium  Citrate. 

2Na3CeH50,  +  IIH^O  =  709.20 

It  should  contain  not  less  than  97  per  cent,  of  pure  Sodium  Citrate  [2C3H4(OH)- 
(COONa)3  +  llH20]  and  should  be  kept  in  well-stoppered  bottles. 

A  white,  granular  powder,  odorless,  and  having  a  cooling,  saline  taste.  It 
slowly  effloresces  on  exposure  to  dry  air. 

Soluble  in  1.1  parts  of  water  at  25°  C.  (77°  F.)  and  in  0.4  part  of  boihng  water; 
slightly  soluble  in  alcohol. 

When  heated  to  about  150°  C.  (302°  F.)  the  salt  loses  all  of  its  water  of  crys- 
tallization; on  ignition  at  a  red  heat  it  decomposes  and  a  mixture  of  sodium  carbonate 
and  carbon  is  left,  which  has  an  alkaline  reaction  and  strongly  effervesces  with 
acids.     To  a  non-luminous  flame  the  salt  imparts  an  intense  yellow  color. 

An  aqueous  solution  of  Sodium  Citrate  (1  in  20)  is  slightly  alkahne  to  red  litmus- 
paper. 

Tests  for  Identity. — See  Sodium  and  Citrate  in  Part  V. 

Impurities. — Carbonate  and  heavy  metals.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  new  official  is  made  by  treating  sodium  carbonate 
with  citric  acid.  It,  like  the  other  alkaline  citrates,  has  the  property 
of  holding  in  solution  such  insoluble  bodies  as  ferric  phosphate  and 
magnesium  carbonate.     It  is  used  as  a  refrigerant. 

Dose. — 1  Gm.  (15  grains). 

SODII  HYPOPHOSPHIS.     Sodium  Hypophosphite. 

NaPHjOj  4-  H,0  =  105.29 

It  should  contain  not  less  than  98  per  cent,  of  pure  Sodium  Hypophosphite 
[PO-HjONa  +  HjO]  and  should  be  kept  in  well-stoppered  bottles;  caution  should 
be  observed  in  dispensing  Sodium  Hjrpophosphite,  as  explosion  is  liable  to  occur 
when  it  is  triturated  or  heated  with  nitrates,  chlorates,  or  other  oxidizing  agents. 

Small,  colorless,  transparent,  rectangular  plates  of  a  pearly  lustre,  or  a  white, 
granular  powder,  odorless,  and  having  a  bitterish-sweet,  saline  taste.  Very  deliques- 
cent on  exposure  to  moist  air. 

Soluble  in  about  1  part  of  water  and  in  about  25  parts  of  alcohol  at  25°  C. 
(77°  F.);  in  0.12  part  of  boiling  water  and  in  1  part  of  boiling  alcohol;  slightly 
soluble  in  absolute  alcohol;  insoluble  in  ether. 

When  heated  in  a  test-tube,  the  salt  at  first  loses  its  water  of  crystallization, 
and  at  about  200°  C.  (392°  F.)  it  is  decomposed,  evolving  hydrogen  and  hydro- 
gen phosphide,  which  burns  spontaneously  with  a  bright  yellow  name.  Finally, 
there  is  left  a  residue  of  sodium  pyrophosphate  and  metaphosphate,  sometimes 
mingled  with  a  little  red  phosphorus.  To  a  non-luminous  name  the  salt  imparts 
an  intense  yellow  color. 

An  aqueous  solution  of  Sodium  Hypophosphite  is  neutral  or  slightly  alkaline 
to  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Hypophosphites  in  Part  V.  _ 
Impurities. — Caustic  alkali,  carbonate,  heavy  metals,  and  arsenic. 
Details  in  Part  V.  _ 

This  hypophosphite  is  prepared  in  a  manner  similar  to  that  for 
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making  potassium  hypophosphite — by  treatment  of  calcium  hypo- 
phosphite  with  sodium  carbonate. 

Sodium  hypophosphite  occurs  in  the  form  of  small  transparent 
plates,  or  chiefly  in  white,  granular  powder.  It  is  soluble  in  1  part  of 
water  and  30  parts  of  alcohol.  Like  all  hypophosphites,  the  sodium 
hypophosphite  must  be  heated  with  great  care,  as  otherwise  the 
following  chemical  reaction  will  occur: 

5NaPH,0,     +     heat     =     Na.PA     +     NaPO,     +     2PH3     +     2H2, 

the  resulting  phosphine  (PH3)  being  spontaneously  combustible 
and  producing  an  explosion. 

Sodium  hypophosphite  is  a  constituent  of  the  officials,  syrup  of 
hypophosphites  and  compound  syrup  of  hypophosphites.  It  may  be 
here  stated  that  hypophosphorous  acid  and  hypophosphites  act  as 
reducing  agents  on  silver  and  mercury  compounds,  hence  the  salts 
of  these  metals  should  not  be  prescribed  with  syrup  of  hypophos- 
phites. Like  all  hypophosphites,  the  salt  of  sodium  is  used  as  a 
tonic  and  nutrient  in  wasting  diseases. 

Dose. — 1  Gm.  (15  grains). 

SODII   lODIDUM.     Sodium  Iodide. 

Nal  =  148.78 

It  should  contain  not  less  than  98  per  cent,  of  pure  Sodium  Iodide  and  should 
be  kept  in  well-stoppered  bottles. 

Colorless,  cubical  crystals,  or  a  white,  crystalline  powder;  odorless  and  having 
a  saline  and  slightly  bitter  taste.  In  moist  air  Sodium  Iodide  deliquesces  and 
frequently  undergoes  decomposition,  the  salt  assuming  a  brown  tint. 

Soluble  in  about  0.5  part  of  water  and  in  about  3  parts  of  alcohol  at  25°  C. 
(77°  F.);  in  0.33  part  of  boihng  water  and  in  1.4  part  of  boiling  alcohol. 

When  strongly  heated  the  salt  melts,  and  at  a  bright  red  heat  it  is  slowly  vola- 
tilized and  partly  decomposed.  To  a  non-luminous  flame  it  imparts  an  intense 
yellow  color. 

An  aqueous  solution  of  Sodium  Iodide  is  slightly  alkaline  to  red  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Iodides  in  Part  V. 

Impurities. — Excess  of  alkali,  excess  of  potassium,  heavy  metals, 
free  iodine,  excess  of  iodate,  barium,  cyanide,  excess  of  nitrates  and 
nitrites,  excess  of  chlorides  or  bromides,  thiosulphate.  Details  in 
Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  salt  so  closely  resembles  potassium  iodide  that 
little  additional  statement  is  needed  here.  It  is  made  by  the  same 
processes  used  in  the  manufacture  of  potassium  iodide  and  the 
bromides  of  potassium  and  sodium.  Hence  here  it  is  only  necessary 
to  mention  that  treating  sodium  hydroxide  with  iodine,  and  sub- 
sequent heating  of  the  evaporated  mass  with  charcoal,  will  yield  the 
iodide. 

It  occurs  in  anhydrous  cubes  or  rhombic  prisms,  somewhat 
deliquescent,  turning  reddish-brown  on  exposure  to  air,  the  latter 
change  being  due  to  liberation  of  iodine.  It  is  used  medicinally 
exactly  as  is  potassium  iodide. 

Dose. — 500  milligrammes  (7J^  grains). 
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SODII  NITRAS.     Sodium  Nitrate. 

NaNOg  =  84.45 

It  should  contain  not  less  than  99  per  cent,  of  pure  Sodium  Nitrate  [NOj.ONa] 
and  should  be  kept  in  well-stoppered  bottles. 

Colorless,  transparent,  rhombohedral  crystals,  odorless,  and  having  a  cooling 
saline,  and  slightly  bitter  taste.     Hygroscopic  in  moist  air. 

Soluble  in  about  1.1  parts  of  water  and  in  about  100  parts  of  alcohol  at  25°  C. 
(77°  F.);  in  0.6  part  of  boiling  water  and  in  40  parts  of  boiling  alcohol. 

When  heated  to  312°  C.  (593.6°  F.)  the  salt  melts  without  decomposition. 
At  a  higher  temperature  it  evolves  oxygen  and  is  reduced  to  nitrite.  When  Sodium 
Nitrate  is  heated  with  charcoal,  the  mixture  deflagrates.  To  a  non-luminous 
fiame  it  imparts  an  intense  yellow  color. 

Its  aqueous  solution  is  neutral  to  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Nitrates  in  Part  V. 

Impurities. — Heavy  metals,  iodides.     Details  in  Part  V. 

This  chemical  is  a  purified  form  of  the  native  Chile  saltpeter. 
Large  deposits  of  this  mineral  are  found  in  Peru,  and  is  called  Chile 
saltpeter  because  it  is  shipped  through  the  Chilean  ports.  The  native 
ore  is  a  combination  of  sodium  nitrate  with  sodium  iodate,  and  the 
latter  chemical,  as  mentioned  on  p.  395,  yields  practically  all  the 
iodine  in  use  in  the  world.  The  iodate  is  removed  from  the  nitrate 
by  crystallization  in  the  district  where  mined,  and  is  there  worked 
into  iodine  (p.  396),  while  the  nitrate  is  shipped  into  commerce 
practically  free  from  iodide. 

Sodium  nitrate  is  official  because  it  is  the  source  of  the  commercial 
nitrates,  it  being  rarely  used  in  medicine,  the  potassium  nitrate  being 
preferred.     When  used,  it  is  as  a  diuretic,  as  is  potassium  nitrate. 

Dose. — 1  Gm.  (15  grains). 

SODII   NITRIS.     Sodium  Nitrite. 

NaNOj  =  68.57 

It  should  contain  not  less  than  90  per  cent,  of  pure  Sodium  Nitrite  [NO.ONa] 
and  should  be  kept  in  well-stoppered  bottles. 

White,  opaque,  fused  masses,  or  pencils,  or  colorless,  transparent,  hexagonal 
crystals;  odorless  and  having  a  mild,  saline  taste. 

When  exposed  to  the  air  the  salt  deliquesces  and  is  gradually  oxidized  to 
sodium  nitrate,  and  becomes  unfit  for  use. 

Soluble  in  about  1.4  parts  of  water  at  25°  C.  (77°  F.)  and  very  soluble  in 
boiling  water;  slightly  soluble  in  alcohol. 

When  heated  the  salt  melts,  and  at  a  red  heat  it  is  decomposed,  yielding  oxygen, 
nitrogen,  nitrogen  dioxide,  and  sodium  oxide.  To  a  non-luminous  flame  it  imparts 
an  intense  yellow  color. 

An  aqueous  solution  of  Sodium  Nitrite  should  be  colorless  and  give  a  slightly 
alkaline  reaction  with  red  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Nitrites  in  Part  V. 

Impurities. — Heavy  metals.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  salt  is  made  by  reduction  of  sodium  nitrate  by 
fusing  with  sheet  lead.  The  fused  mass  is  poured  into  water,  the 
diluted  solution  treated  with  nitric  acid  until  just  neutral  (thus 
precipitating  the  lead).  The  filtrate  is  then  concentrated,  when  the 
sodium  nitrite  crystallizes  out. 

This  salt  occurs  in  the  form  of  deliquescent  granules,  or  usually 
in  the  form  of  fused  pencils.     It  was  introduced  in  the  pharmacopoeia 
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in  1890,  because  used  in  the  manufacture  of  spirit  of  nitrous  ether, 
and  has  been  retained  in  the  present  pharmacopoeia  for  the  same 
reason.  It  is  practically  never  used  in  medicine,  although  at  one 
time  the  writer  had  a  large  demand  for  a  mixture  of  it  and  sodium 
metaborate  as  a  remedy  for  diabetes. 
Dose. — 65  milligrammes  (1  grain). 

SODII   PHENOLSULPHONAS.     Sodium  Phenolsulphonate. 

NaCjHAS  +  211^0=  230.45 

[SODII  SULPHOCARBOLAS,  PhARM.  1890] 

It  should  contain  not  less  than  99  per  cent,  of  pure  Sodium  Paraphenolsulphonate 
[C,H4(OH)S03Nal:4  +  2H20]  and  should  be  kept  in  well-stoppered  bottles. 

Colorless,  transparent,  rhombic  prisms;  odorless  and  having  a  cooling,  saline, 
bitter  taste.     Somewhat  efflorescent  in  dry  air. 

Soluble  in  4.8  parts  of  water  and  in  about  130  parts  of  alcohol  at  25°  C.  (77°  F.); 
in  0.7  part  of  boiling  water  and  in  10  parts  of  boiling  alcohol. 

When  heated  a  little  above  100°  C.  (212°  F.)  the  salt  loses  all  of  its  water  of 
crystallization  (15.5  per  cent.)  and  becomes  white.  At  a  higher  temperature  it 
chars,  emits  inflammable  vapors  having  the  odor  of  phenol,  and  finally  leaves  a 
residue  of  sodium  sulphate  amounting  to  30.6  per  cent,  of  the  original  weight.  To  a 
non-luminous  flame  it  imparts  an  intense  yellow  color. 

An  aqueous  solution  of  Sodium  Phenolsulphonate  is  neutral  to  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Phenolsulphonate  in  Part  V. 

Impurities. — Heavy  metals.     Details  in  Part  V. 

Remarks. — This    body,    formerly    called    sodium    svlphocarbolate, 

has  a  complex  formula,  NaSOgCgH^OH.     This  is  the  sodium  salt  of 

sulphocarbolic  acid,  which  is  made  by  treating  phenol  (or  carbolic 

acid)   with  sulphuric  acid,  whereby  one  hydrogen  of  CgHgOH   (see 

graphic  formula  on  p.  768)  is  replaced  by  the  group  SOjOH,  which 

will  be  recognized  as  sulphuric  acid,  less  one  hydroxyl.     This  union 

SO  OTT 
gives  us  C8H4<QTT         sulphocarbolic   acid,  and  the  sodium  in  the 

salt  replaces  the  hydrogen  of  the  hydroxyl  attached  to  the  SOjOH 
group. 

Sodium  sulphocarbolate  is  made  by  treating  phenol  with  sulphuric 
acid,  and  letting  stand  for  twenty-four  hours,  when  sulphocarbolic 
acid  is  formed: 

CeHjOH     +     H,SO,     =     C,H,(S020H)0H     +     H^O. 

To  the  acid  mixture  barium  carbonate  is  added,  thus  forming  barium 
sulphocarbolate,  which  is  soluble,  while  the  excess  of  sulphuric  acid 
separates  out  as  barium  sulphate.  To  the  filtered  solution  of  barium 
sulphocarbolate  sodium  carbonate  is  added,  producing  the  following 
reaction: 

Ba(S03C.H,0H)j     -I-     Na^COj     =     2NaS03C,H,OH     -f-     BaCO,. 

The  barium  carbonate  thus  formed  precipitates  out  and  is  separated 
by  filtration  from  the  solution  of  sodium  sulphocarbolate,  which  is 
then  concentrated  by  evaporation  to  a  point  where  crystallization 
takes  place. 

Sodium  sulphocarbolate  occurs  as  transparent,  colorless  prisms, 
somewhat  efflorescent,  possessing  a  delicate  pink  tint.     This  colora- 
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tion,  however,  is  due  to  the  same  cause  as  is  the  pink  color  of  phenol, 
and  hence  may  possibly  be  considered  as  an  impurity. 

Sodium  sulphocarbolate  is  used  as  an  antiferment. 

Dose. — 250  milligrammes  (4  grains). 

SODII   PHOSPHAS.     Sodium  Phosphate. 

Na^HPO^  +  12H2O  =  355.61 

It  should  contain,  in  an  unefBoresced  condition,  not  less  than  99  per  cent,  of  pure 
Di-sodium-ortho-phosphate  [PO.(OH)(ONa)3  +  12H20]  and  should  be  kept  in 
well-stoppered  bottles,  in  a  cool  place. 

Large,  colorless,  monoclinic  prisms,  or  a  granular,  crystalline  salt;  odorless 
and  having  a  cooling,  saline  taste.  The  crystals  effloresce  in  the  air,  and  gradually 
lose  5  molecules  of  their  water  of  crystallization  (25.1  per  cent.). 

Soluble  in  about  5.5  parts  of  water  at  25°  C.  (77°  F.);  insoluble  in  alcohol. 

When  heated  to  about  40°  C.  (104°  F.)  the  salt  fuses,  yielding  a  colorless 
liquid.  At  100°  C.  (212°  F.)  it  loses  all  its  water  of  crystaUization  (60.3  per  cent.), 
and  at  a  red  heat  it  is  converted  into  sodium  pyrophosphate.  It  imparts  to  a 
non-luminous  flame  an  intense  yellow  color. 

An  aqueous  solution  of  Sodium  Phosphate  is  slightly  alkaline  to  red  litmus- 
and  phenolphthalein-paper. 

No  residue  should  be  left  on  dissolving  the  salt  in  water  (absence  of  calcium, 
etc.). 

Tests  for  Identity. — See  Sodium  and  Phosphates  in  Part  V. 

Impurities. — Calcium,  etc.  (see  above),  heavy  metals,  carbonate, 
and  arsenic.     Details  in  Part  V. 

The  formula  of  sodium  phosphate  is  worthy  of  special  notice. 
On  p.  373  will  be  found  the  graphic  formula  of  phosphoric  acid, 
H3PO4.  If  two  of  the  three  hydrogen  atoms  of  phosphoric  acid  are 
replaced  by  sodium  atoms  (each  atom  of  sodium  of  valence  i  replacing 
one  atom  of  hydrogen),  we  get  Na2HP04,  the  formula  of  the  official 
sodium  phosphate. 

All  these  hydrogen  atoms  found  in  phosphoric  acid  are  replaceable 
under  proper  conditions,  as  illustrated  in  the  formula  of  official 
calcium  phosphate,  Ca3(P04)2  (p.  375),  and  a  sodium  phosphate 
having  the  formula  NagPO^  can  be  made.  But  the  stable  form  of 
sodium  phosphate  is  the  one  in  which  one  atom  of  the  hydrogen  in 
the  acid  remains  (NajHPO^),  and  this  is  recognized  by  the  pharma- 
copoeia. 

This  important  salt  is  prepared  by  treating  bone-ash  with  sul- 
phuric acid,  when  acid  calcium  phosphate  is  produced,  as  shown  in 
the  following  equation: 

Ca3(PO,)2     4-     2H2SO,     =     CaH,(P0j2     +     2CaS0,. 

The  solution  of  acid  calcium  phosphate,  freed  from  the  insoluble 
calcium  sulphate  by  forcible  straining,  treated  with  sodium  car- 
bonate, yields  sodium  phosphate,  as  shown  in  the  following  equation: 

CaH,(P0j2     +     Na^COa     =     Na^HPO,     +     CaHPO,     +     CO,     +     H,0. 

Other  authorities  say  the  reaction  runs: 

3CaH,(PO,)2     +     4Na2C03     =     4Na2HPO,     +    Ca3(POj3     +    4I[/)     +    4C0j. 

Sodium  phosphate  occurs  in  the  form  of  large,  colorless,  efflores- 
cent crystals,  although  now  usually  dispensed  in  the  form  of  granules. 
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It  is  important  for  the  pharmacist  to  remember  that  the  granules  are 
efflorescent,  that  they  part  comparatively  easily  with  a  portion  of 
their  water  of  crystallization,  and  thus  lose  a  considerable  amount  of 
their  weight.  In  fact,  in  the  writer's  experience,  he  has  known  of 
cases  where  a  pound  of  sodium  phosphate  decreased  to  12  ounces 
by  weight  by  simple  efflorescence.  In  selling  the  salt  this  should  be 
kept  in  mind,  otherwise  a  depreciation  in  the  profit  will  result. 

Recent  literature  has  shown  that  a  large  amount  of  sodium 
phosphate  on  the  market  is  contaminated  with  arsenic,  and  therefore 
the  pharmacist  should  examine  his  phosphate  in  order  to  prevent 
dispensing  a  dangerous  chemical.  An  interesting  preparation  of 
the  salt  is  a  combination  of  it  with  sodium  nitrate  and  citric  acid. 
When  these  three  chemicals  are  triturated  together  in  a  warm  mortar, 
they  liquefy,  forming  a  solution  containing  over  100  per  cent,  by 
volume  of  sodium  phosphate.  This  is  now  official  as  compound 
solution  of  sodium  phosphate  (p.  472). 

Medical  Properties. — A  valuable  saline  purgative. 

Dose. — 2  Gm.  (30  grains). 

SODII  PHOSPHAS  EFFERVESCENS.     Effervescent  Sodium 

Phosphate. 

Recipe. — Exsiccated  Sodium  Phosphate,  in  fine  powder, 

two  hundred  grammes 200  Gm. 

Soditim  Bicarbonate,  dried  and  powdered,  four 

hundred  and  seventy-seven  grammes 477  Gm. 

Tartaric  Acid,  dried  and  powdered,  two  hundred 

and  fifty-two  grammes 252  Gm. 

Citric   Acid,   uneffloresced  crystals,   one  hundred 
and  sixty-two  grammes 162  Gm. 

To  make  about  one  thousand  grammes. .   1000  Gm. 

Powder  the  Citric  Acid  and  mix  it  intimately  with  the  Exsiccated  Sodium 
Phosphate  and  Tartaric  Acid,  then  thoroughly  incorporate  the  Sodium  Bicarbonate. 

Place  the  mixed  powders  on  a  plate  of  glass  or  in  a  suitable  dish,  in  an  oven 
heated  to  between  93^  and  104°  C.  (199.4°  and  219.2°  F.). 

When  the  mixture  has  acquired  a  moist  consistence,  by  the  aid  of  careful  manipu- 
lation with  a  wooden  spatula,  rub  it  through  a  No.  6  tinned-iron  sieve,  and  dry  the 
granules  at  a  temperature  not  exceeding  54°  C.  (129.2°  F.).  Keep  the  product  in 
well-stoppered  bottles. 

Remarks. — This  new  official  is  a  granular  effervescent  salt  con- 
taining 20  per  cent,  exsiccated  sodium  phosphate.  Note  that  the 
pharmacopoeia  directs  that  the  mass  be  softened  for  granulation  by 
warming  and  not  by  moistening  with  alcohol.  It  is  a  useful  and 
agreeable  purgative. 

Dose.— 8  Gm.  (120  grains). 

SODII   PHOSPHAS  EXSICCATUS.     Exsiccated  Sodium  Phosphate. 

It  should  contain  not  less  than  99  per  cent,  of  pure  anhydrous  Sodium  Phosphate 
[P0.(0H)(0Na)2]  and  should  be  kept  m  well-stoppered  bottles. 

Sodium  Phosphate,  a  convenient  quantity. 

Allow  the  crystals  to  effloresce  for  several  days  in  warm  air,  at  a  temperature 
of  from  25°  to  30°  C.  (77°  to  86°  F.),  then  contmue  the  drying  in  an  oven;  raise 
the  temperature  very  gradually  until  i00°  C.  (212°  F.)  has  been  reached,  and  main- 
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tain  this  temperature  until  the  salt  ceases  to  lose  weight.     Powder  and  sift  the 
residue  and  preserve  it  in  well-stoppered  bottles. 

A  white  powder  which  absorbs  moisture  readily,  and  conforms  to  the  reaction 
and  tests  given  under  Sodii  Phosphas. 

Remarks. — This  new  official  is  used  for  the  manufacture  of  the 
granular  effervescent  salt  just  described.  Note  that  its  dose  is  just 
half  of  that  of  the  crystalline  salt. 

Dose. — 1  Gm.  (15  grains). 

LIQUOR  SODII   PHOSPHATIS  COMPOSITUS.     Compound  Solu- 
tion of  Sodium  Phosphate. 

Recipe. — Sodium    Phosphate,   uneffloresced    crystals,    one 

thousand  grammes 1000  Gm. 

Sodium  Nitrate,  forty  grammes 40  Gm. 

Citric  Acid,  one  hundred  and  thirty  grammes 130  Gm. 

Distilled  Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .   1000  Co. 

Triturate  the  Sodium  Phosphate  and  Sodium  Nitrate,  in  a  mortar,  with  the 
Citric  Acid,  until  completely  liquefied,  then  add  sufficient  Distilled  Water  to  make 
the  product  measure  one  thousand  cubic  centimeters.  Filter  the  liquid.  Keep  the 
Solution  in  well-stoppered  bottles  in  a  moderately  warm  place. 

Tests  for  Identity. — See  Phosphates,  Nitrates,  and  Citrates  in 
Part  V. 

Remarks. — This  preparation  was  originally  introduced  as  a 
proprietary  called  "melachol." 

It  has  the  advantage  of  being  a  very  concentrated  (100  per  cent.) 
solution  of  sodium  phosphate. 

Dose. — 8  Co.  (2  fluidrachms). 

SODII   PYROPHOSPHAS.     Sodium  Pyrophosphate. 

Na.PA  +  IOH2O  =  443.02 

It  should  contain,  in  an  uneffloresced  condition,  not  less  than  99  per  cent,  of 
pure  Sodium  Pyrophosphate  [(PO)2O.(ONa)4  +  10H3O]  and  should  be  kept  in 
well-stoppered  bottles. 

Colorless,  transparent,  monoclinic  prisms,  or  a  crystalline  powder;  odorless 
and  having  a  cooling,  saline,  and  feebly  alkaline  taste;  slightly  efflorescent  in  warm 
air. 

Solution  in  about  11.5  parts  of  water  at  25°  C.  (77°  F.)  and  in  1.1  parts  of 
boiling  water;  insoluble  in  alcohol. 

When  heated  to  100°  C.  (212°  F.)  the  salt  loses  its  water  of  crystallization 
(40.35  per  cent.)  without  previous  fusion.  At  a  higher  temperature  it  fuses,  forming 
a  transparent  liquid,  which,  on  cooling,  solidifies  to  a  crystalline  mass.  To  a  non- 
luminous  flame  it  imparts  an  intense  yellow  color. 

An  aqueous  solution  is  feebly  alkaline  to  red  litmus  and  to  phenolphthalein 
paper. 

Tests  for  Identity. — See  Sodium  and  Phosphates  in  Part  V. 

Impurities. — Orthophosphate,  carbonate,  heavy  metals,  and 
arsenic.     Details  in  Part  V. 

Sodium  pyrophosphate,  Na4P207,  introduces  us  to  an  acid  of 
phosphorus  not  yet  considered — pyrophosphoric.  On  a  preceding 
page  (p.  459),  under  Borax,  mention  was  made  of  the  fact  that  the 
prefix  ''pyro-"  indicates  application  of  strong  heat;  this  applies  to 
pyrophosphoric  acid. 
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On  p.  373  the  difference  between  true  orthophosphoric  acid, 
HgPOg,  the  so-called  orthophosphoric  acid,  H3PO4,  and  metaphosphoric 
acid,  HPO3,  is  graphically  demonstrated,  and  mention  is  there  made 
that  all  phosphoric  acids  are  derived  from  phosphoric  oxide,  P2O5,  a 
body  in  which  phosphoric  acid  acts  with  valence  v. 

If  to  P2O5  we  add  one  molecule  of  water,  we  get  metaphosphoric 
acid,  viz., 

PA     +     H2O     =     H,PAor2HP03; 

and  if  we  add  three  molecules  of  water  to  one  molecule  of  phosphoric 
oxide,  we  get  the  official  phosphoric  acid,  viz., 

PA     +     3H3O     =     HgPA  or  2H3PO«. 

Likewise,  if  we  subtract  one  molecule  of  water  from  official  phos- 
phoric acid,  we  get  metaphosphoric  acid,  viz., 

H3PO,    -    H,0     =    HPO3. 

If,  on  the  other  hand,  we  subtract  one  molecule  of  water  from  two 
molecules  of  official  phosphoric  acid,  we  get  pyrophosphoric  acid, 
as  shown  below: 

2H3PO,    =    HgP.Og 
Less  one  moleciUe  of  water  or  Hj    O 

Give  pyrophosphoric  acid  H^PjOy. 

The  pyrophosphate  is  obtained  by  heating  sodium  phosphate 
until  its  solution  no  longer  gives  a  yellow  precipitate  with  silver 
nitrate. 

Sodium  pyrophosphate  occurs  in  the  form  of  a  crystalline  powder 
or  in  monoclinic  prisms,  and  is  soluble  in  12  parts  of  water.  It 
is  rarely  employed  in  medicine,  and  is  given  place  in  the  pharma' 
copceia  because  required  for  making  ferric  pyrophosphate. 

Dose. — 2  Gm.  (30  grains). 

SODII   SALICYLAS.     Sodium  Salicylate. 

NaC,HA  =  158.89 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Sodium  Salicylate  [C-H^COH)- 
COONa]  and  should  be  kept  in  well-stoppered  bottles,  protected  from  heat  and 
light. 

White,  microcrystalline  powder  or  scales,  or  an  amorphous,  colorless  powder, 
or  having  not  more  than  a  faint  pink  tinge;  odorless  and  having  a  sweetish,  saline 
taste. 

Soluble  in  0.8  part  of  water  and  in  5.5  parts  of  alcohol  at  25"  C.  (77"  F.);  very 
soluble  in  boiling  water  or  alcohol;  also  soluble  in  glycerin. 

When  heated  the  salt  is  decomposed,  giving  off  inflammable  vapors  and  an 
odor  of  phenol,  and  finally  leaves  a  residue  of  sodium  carbonate.  To  a  non-luminous 
flame  it  imparts  an  intense  yellow  color. 

An  aqueous  solution  of  Sodium  Salicylate,  when  freshly  made,  should  be  color- 
less, and  should  slightly  redden  blue  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Salicylates  in  Part  V. 
Impurities. — Sulphites  and  heavy  metals.     Details  in  Part  V. 
Assay, — Details  in  Part  V. 
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Remarks. — This  salt  is  prepared  by  treating  salicylic  acid  with 
sodium  carbonate,  and  evaporating  the  resulting  solution  of  sodium 
salicylate  to  dryness  in  the  water-bath.  Many  modern  therapeutists 
claim  that  the  salicylic  acid  employed  should  be  that  from  oil  of 
wintergreen,  and  calls  for  "Sodium  salicylate  (natural) "  can  be  easily 
filled  by  the  retail  pharmacist  by  treating  oil  of  wintergreen  with,  the 
molecular  quantity  of  sodium  hydroxide,  evaporating  the  mass  to 
dryness,  redissolving  in  water,  making  the  solution  acid  by  the 
addition  of  more  salicylic  acid,  and  granulating  the  resulting  filtered 
liquid.  The  addition  of  extra  acid  is  essential,  for  the  alkaline 
sodium  salicylate  is  invariably  of  grayish  color.  In  preparing  the 
sodium  salicylate  great  care  must  be  taken  to  avoid  contact  with 
iron,  as  that  element  will  color  the  salicylate  a  blood  red.     (See  p.  783.) 

Sodium  salicylate  is  a  valuable  remedy  for  rheumatism. 

Dose. — 1  Gm.  (15  grains). 

Sodium  silicate,  NaaSiOj,  was  recognized  in  the  pharmacopcBia  of  1890  as  a 
nearly  saturated  solution  {liquor  sodii  silicatis  or  liquid  glass).  It  is  made  by  fusing 
together  common  sand  and  sodium  carbonate  in  the  presence  of  a  small  quantity 
of  charcoal.  The  fused  mass  is  poured  into  water  in  order  to  obtain  the  product  in 
small  porous  masses,  which  are  more  readily  soluble. 

Sand  is  silicic  oxide,  SiOj,  an  exact  analogue  to  carbonic  oxide,  CO2.  Silicic 
oxide  plus  sodium  carbonate  gives  us  sodium  silicate  and  gaseous  carbonic  oxide: 

SiOa     +     Na^COj     =     Na^SiOa     +     CO^. 

Solution  of  sodium  silicate  is  a  more  or  less  transparent,  but  faintly  yellowish, 
viscid  liquid,  the  keeping  of  which  is  a  source  of  considerable  annoyance  to  the 
retail  pharmacist.  If  kept  in  glass-stoppered  bottles  it  will  cause  the  stopper  to 
stick  to  the  neck.  It  usually  is  somewhat  alkaline,  and  therefore  attacks  cork,  and 
if  not  tightly  corked,  it  will  comparatively  easily  evaporate  to  a  glassy  mass,  which 
it  is  quite  difficult  to  redissolve.  This  body  is  called  liquid  glass  or  water  glass, 
because  of  its  resemblance  to  ordinary  glass,  which  is  a  combination  of  sodium 
silicate  with  the  silicates  of  lead  and  calcium. 

Liquid  glass  forms,  on  drying,  a  vitreous  coating  which  is  hard  and  inflexible. 
Accordingly,  it  is  used  in  mending  fractured  limbs,  as  is  also  plaster  of  Paris,  the 
broken  mernber  being  swathed  with  bandages  which  are  fixed  firmly  in  their  place 
by  applications  of  the  liquid  glass.  After  standing,  the  solution  solidifies  to  a  hard, 
rigid  mass,  which  securely  and  firmly  encases  the  limb. 

It  is  superior  to  plaster  of  Paris  in  the  greater  ease  with  which  the  glass  dressing 
can  be  removed  after  the  limb  is  set. 

The  plaster  has  to  be  chipped  off — a  very  tiresome  operation;  the  glass,  on  the 
other  hand,  can  be  dissolved  off  with  hot  water. 

It  is  found,  however,  that  liquid  glass  sets  too  slowly  for  the  average  operation, 
and  plaster-of-Paris  settings  are,  therefore,  usually  preferred. 

SODII  SULPHAS.    Sodium  Sulphate. 

Na^SO,  +  IOH2O  =  319.91 

It  should  contain,  in  an  uneffloresced  condition,  not  less  than  99  per  cent,  of 
pure  Sodium  Sulphate  [SO2(ONa)2  +  10H2O]  and  should  be  kept  in  well-closed 
vessels,  in  a  cool  place. 

Large,  colorless,  transparent,  monoclinic  prisms,  or  granular  crystals;  odorless, 
and  having  a  bitter,  saline  taste.  The  salt  effloresces  rapidly  in  the  air  and,  finally, 
loses  all  of  its  water  of  crystallization. 

Soluble  in  2.8  parts  of  water  at  15°  C.  (59°  F.),  in  0.25  part  at  34°  C.  (93.2°  F.), 
and  in  0.47  part  at  100°  C.  (212°  F.);  insoluble  in  alcohol;  soluble  in  glycerin. 

When  heated  to  33°  C.  (91.4°  F.)  the  salt  fuses,  and,  on  continuing  the  heat 
to  100°  C.  (212°  F.)  it  loses  all  of  its  water  of  crystallization  (55.9  per  cent.).     At 


At  0"  C. 

At  IS^'C. 

At  25°  C. 

At  30°  C. 

At  34°  C. 

At  50°  C. 

At  100°  C. 
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a  red  heat  the  anhydrous  salt  fuses  without  decomposition.     To  a  non-lunainbus 
flame  it  imparts  an  mtense  yellow  color. 

Its  aqueous  solution  is  neutral  to  litmus-paper. 

Tests  for  Identity.— See  Sodium  and  Sulphates  in  Part  V. 

Impurities. — Heavy  metals  and  arsenic.     Details  in  Part  V. 

Sodium  sulphate  is  known  by  the  synonym  of  Glauber's  salt,  so 
named  after  John  Rudolph  Glauber,  who  published  the  process  of 
manufacture  in  his  work,  "De  Natura  Salium, "  1658.  It  is  made 
by  treating  sodium  chloride  with  sulphuric  acid,  and  is,  therefore,  an 
intermediate  product  in  the  Leblanc  process  (p.  461). 

Native  sodium  sulphate  had  been  used  many  years  before  this. 

Sodium  sulphate  occurs  in  efflorescent,  monoclinic  prisms  or 
granular  crystals,  possessing  a  bitter,  saline  taste.  Its  solubility 
in  water  is  noteworthy,  the  following  table  showing  its  variations 
from  0  to  100°  C: 

0°  C.  1  part  crystalline  sodium  sulphate  dissolves  in  8       parts  of  water 

■-  •  •  ••  u  2.8       "  .     " 

"  1        part  " 

"  0.5       "  " 

"  0.25     "  " 

"  0.37     "  " 

"  0.40     "  " 

the  temperature  being,  of  course,  that  of  the  water. 

By  this  table  it  will  be  noted  that  the  maximum  solubility  is 
reached  at  34°  C,  when  one  part  of  the  salt  (crystals)  will  dissolve 
in  one-quarter  its  weight  of  water.  At  35°  C.  the  solubility  is  1  part 
in  0.3  part  water,  and  from  that  to  100°  the  solubility  slowly  decreases. 
This  phenomenon  has  been  explained  by  claiming  that  up  to  34°  C. 
we  deal  with  solution  of  the  salt  containing  ten  molecules  of  water  of 
crystallization.  At  34°  it  is  supposed  that  the  salt  loses  nine  mole- 
cules of  water,  and  from  that  time  on  we  deal  with  a  chemical  pos- 
sessing only  one  molecule  of  water  of  crystallization.  The  solution 
of  sodium  sulphate  at  34°  is  a  striking  illustration  of  a  supersaturated 
solution.  Such  a  solution  will  remain  intact  if  kept  in  a  quiet  place, 
even  though  the  temperature  of  the  solution  be  reduced  below  33°. 
If  the  flask  is  shaken,  or  even  if  the  cork  is  removed,  there  will  be  a 
sudden  formation  of  crystals,  with  the  evolution  of  considerable 
heat,  corresponding  to  the  phenomenon  of  retarded  crystallization. 
(See  p.  122.)  The  crystallization  due  to  agitation  is  easy  to  under- 
stand. One  explanation  of  why  the  crystallization  takes  place  by 
merely  removing  the  cork  is  that  the  air  contains  minute  crystals  of 
sodium  sulphate,  which,  when  the  cork  is  removed,  fall  mto  the 
solution  and  act  as  nuclei. 

Sodium  sulphate  is  a  useful  purgative. 

Dose.— 16  Gm.  (240  grains). 

SODII  SULPHIS.     Sodium  Sulphite. 

Na^SOj  +  7HjO  =  250.39 

It  should  contain,  in  the  uneffloresced  and  air-dried  condition,  not  less  than 
96  per  cent,  of  pure  Sodium  Sulphite,  and  should  be  kept  in  well-stoppered  bottles, 
in  a  cool  place. 
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^transparent,  monoclinic  prisms;  odorless  and  having  a  cooling,  saline, 
Bte.      Exposed  to  the  air  the  salt  effloresces,  and  is  slowly  oxidized 

kjuiuuie  in  2  parts  of  water  at  25°  C.  (77°  F.)  and  in  1.4  parts  of  boiling  water; 
sparingly  soluble  in  alcohol. 

When  gently  heated  the  salt  softens  somewhat,  but  it  does  not  fuse.  Above 
100°  C.  (212°  F.)  the  crystals  lose  all  their  water  (50  per  cent.),  without  fusing  or 
changing  their  shape.  At  a  red  heat  the  salt  fuses  to  a  reddish-yellow  mass  of 
sodium  sulphate  and  sodium  sulphide.  To  a  non-luminous  flame  the  salt  imparts 
an  intense  yellow  color. 

Its  aqueous  solution  is  neutral  or  feebly  alkaline  to  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Sulphites  in  Part  V. 

Impurities. — Thiosulphate  and  heavy  metals.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  chemical  is  made  by  passing  sulphur  dioxide  gas, 
produced  in  the  way  as  explained  under  sulphurous  acid  (p.  424), 
into  a  solution  of  sodium  carbonate,  and  concentrating  the  solution 
to  a  point  until  it  gives  the  separation  of  the  crystals. 

Sodium  sulphite  appears  in  efflorescent,  monoclinic  crystals, 
having  no  odor  and  possessing  a  saline,  sulphurous  taste.  On  stand- 
ing, the  salt  slowly  oxidizes  to  sodium  sulphate.  Sodium  sulphite 
is  used   as   an   antiferment. 

Dose. — 1  Gm.  (15  grains). 


SODII   THIOSULPHAS.     Sodium  Thiosulphate. 

NajSA  -I-  5B.fi  =  246.46 
[SoDii  Hyposulphis,  Pharm.  1890] 

It  should  contain  not  less  than  98  per  cent,  of  pure  Sodium  Thiosulphate  and 
should  be  kept  in  well-stoppered  bottles. 

Colorless,  transparent,  monoclinic  prisms;  odorless  and  having  a  cooling, 
afterward  bitter  taste.  Permanent  in  the  air  below  33°  C.  (91.4°  F.),  but  efflo- 
rescent in  dry  air  above  that  temperature;  slightly  deliquescent  in  moist  air. 

Soluble  in  about  0.35  part  of  water  at  25°  C.  (77°  F.);  at  a  boiling  heat  the  solu- 
tion is  rapidly  decomposed;  insoluble  in  alcohol;  slightly  soluble  in  oil  of  turpentine. 

When  rapidly  heated  to  50°  C.  (122°  F.)  the  salt  melts.  When  slowly  heated 
until  it  is  effloresced,  and  afterward  to  100°  C.  (212°  F.),  it  loses  all  of  its  water 
of  crystallization  (36.3  per  cent.),  and  at  a  red  heat  is  decomposed,  sulphur  being 
liberated,  while  a  residue  of  sodium  sulphide  and  sodium  sulphate  remains.  To  a 
non-luminous  flame  it  imparts  an  intense  yellow  color. 

Its  aqueous  solution  is  neutral  or  faintly  alkaline  to  litmus-paper. 

Tests  for  Identity. — See  Sodium  and  Thiosulphate  in  Part  V. 

Impurities. — Sulphites  and  bisulphites,  arsenic,  heavy  metals, 
calcium,  caustic  alkali  and  carbonates,  sulphide.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  salt  has  been  incorrectly  called  sodium  hypo- 
sulphite. In  the  table  of  valences  on  p.  367  it  will  be  found  that 
the  valence  of  sulphur  is  ii,  iv,  and  vi. 

As  already  learned,  when  an  element  has  three  valences  and  three 
oxides,  the  oxide  showing  the  highest  valence  is  given  the  termination 
*'ic,"  while  the  oxide  showing  the  lowest  valence  has  "hypo"  prefixed 
to  the  name  of  the  positive  element,  whose  termination  becomes 
"ous."     Under  this  rule,  that  oxide  in  which  sulphur  acts  with  the 
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valence  ii  should  be  termed  hyposulphurous  oxide,  and  the  formula 
of  this  body  is  SO. 

If  hyposulphurous  oxide  be  SO,  then  hyposulphurous  acid  will 
be  SO  +  HjO  or  SO2H2,  and  sodium  hyposulphite  will  be  Na^SOj, 
which  is  quite  different  from  the  formula  given  above;  the  so-called 
sodium  hyposulphite,  NajSjOg,  being  really  sodium  thiosulphate. 
"Thios"  is  Greek  for  sulphur,  hence  the  literal  translation  of  thiosul- 
phate is  "sulphosulphate, "  a  most  appropriate  title  for  the  body 
NajSjOg,  as  is  shown  by  the  following  comparison  of  the  graphic 
formula  of  it  with  that  of  normal  sodium  sulphate: 

Sodium  Sulphate.  Sodium  Thiosulphate. 


Sodium  thiosulphate,  Na^SzOg,  can  be  resolved  into  Na^SOg  (sodium 
sulphite)  and  sulphur,  and  inversely  the  thiosulphate  can  be  made 
by  boiling  the  sulphite  with  sulphur. 

The  commercial  method  of  manufacture  is  by  treating  calcium 
thiosulphate  with  sodium  sulphate,  as  shown  in  the  following  equation: 

CaSA     +     Na^SO,     =     CaSO,     +     Na^SjOs. 

The  calcium  thiosulphate  used  in  the  above  reaction  is  obtained 
from  the  calcium  sulphide  residue  of  the  Leblanc  process  (p.  462). 
On  exposure  to  air  the  calcium  sulphide  found  therein  is  oxidized 
to  calcium  thiosulphate,  which  is  lixiviated  from  the  insoluble  matter  fj 

of  the  residue.    Sodium  thiosulphate  is  also  made  by  cooking  sul- 
phur  with  sodium  sulphate.  ' 

Sodium  thiosulphate  occurs  in  colorless,  transparent  crystals, 
soluble  in  less  than  one  part  of  water.  It  is  used  largely  in  commerce, 
being  a  valuable  antichlor  in  paper  manufacture.  It  is  the  "hypo"  y  < 
of  photographers,  being  used  by  them  as  a  developer  (see  p.  621),  jhv^Xu^ 
it  having  the  power  of  dissolving  the  chloride  and  bromide  of  silver.  0 
When  brought  in  contact  with  an  iodine  solution,  it  immediately 
discharges  the  color  of  same,  as  explained  on  p.  396.  The  decolorizing 
influence  of  sodium  thiosulphate  on  iodine  is  applied  in  the  estimation 
of  the  iodine  strength  of  various  pharmaceuticals,  the  same  being 
titrated  with  decinormal  solution  of  sodium  thiosulphate.  Sodium 
thiosulphate  has  been  recommended  as  exhibiting  all  the  therapeutic 
value  of  sulphur  in  a  soluble  form,  it  being  stated,  when  a  solution 
enters  the  stomach,  the  acids  thereof  throw  out  a  sufficient  amount 
of  sulphur  to  become  active.  In  the  same  way  the  ointment  of 
sodium  hyposulphite  has  been  recommended  in  place  of  sulphur 
ointment.     When  given  internally,  its  dose  is  10  to  20  grains. 
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CHAPTER  XXVII 
LITHIUM  AND  AMMONIUM 

LITHIUM 
Symbol,  Li.     Atomic  weight,  approximately  7. 

The  word  lithium  is  derived  from  the  Greek  "lithios,"  meaning 
"stone,"  being  so  named  by  Berzelius  because  found  in  minerals. 
The  presence  of  the  new  element  was  first  detected  by  Arfvedson  in 
1817,  but  its  isolation  in  more  than  traces  was  not  accomplished 
until  1855,  when  Bunsen  and  Mattiessen  obtained  it  by  electrolysis 
of  fused  lithium  chloride. 

The  chief  ores  of  lithium  are  lepidolite,  a  combination  of  the 
silicates  of  lithium,  sodium,  and  aluminum,  and  triphyline,  which  is 
a  mixture  of  the  phosphates  of  lithium,  sodium,  iron,  manganese, 
and  calcium. 

It  was  first  discovered  in  mineral  water  by  Berzelius  (1822),  who 
noted  its  presence  in  Carlsbad  water. 

It  is  also  found  in  tobacco  and  in  the  sugar-beet. 

The  metal  cannot  be  isolated  by  chemical  means,  such  as  are  used 
in  obtaining  sodium  and  potassium,  by  reason  of  the  non-volatile 
character  of  the  metal,  but  is  prepared  only  by  electrolysis  of  the 
chloride. 

Lithium  is  the  lightest  of  all  metals,  having  the  specific  gravity 
0.59,  i.  e.,  it  has  less  than  six-tenths  the  weight  of  water,  and  is 
lighter  than  petroleum  or  ether,  and  hence  floats  on  both  of  these 
liquids.  It  is  a  soft,  silvery-white  metal,  possessing  characteristics 
similar  to  that  of  the  other  members  of  the  group,  sodium  and  potas- 
sium, although  being  less  chemically  active.  Thus,  while  it  reacts 
in  water  with  the  formation  of  lithium  hydroxide,  it  does  not  do  so 
with  explosive  violence  that  characterizes  the  same  reaction  in  the 
case  of  sodium  and  potassium. 

The  most  characteristic  test  for  lithium  is  the  crimson  color  which 
it  or  its  salts  transmits  to  a  colorless  flame.  If  the  solution  of  the 
chloride  be  treated  with  ammonium  carbonate,  the  rather  sparingly 
soluble  carbonate  is  precipitated.  This  carbonate  is  somewhat 
soluble  in  water,  however  (1  part  in  75  parts  water),  hence  the 
statement  already  made  (p.  431)  that  the  carbonates  of  the  alkalis 
dissolve  in  water  still  obtains. 

The  following  salts  of  lithium  and  their  preparations  are  official: 

Lithium  benzoate,  98.5  per  cent,  absolute  LiCjHjOa. 

Lithium  bromide,  97  per  cent,  absolute  LiBr. 

Lithium  carbonate,  98.5  per  cent,  absolute  LijCOj. 

Lithium  citrate,  98.5  per  cent,  absolute  hi^CgAfi^  (when  dried). 

Effervescent  lithium  citrate  contains  5  per  cent,  of  Uthium  citrate. 

Lithium  salicylate,  98  per  cent,  absolute  LiCjHsOa. 

LITHII   BENZOAS.     Lithium  Benzoate. 
LiC^HjOa  =  127.11 

It  should  contain  not  less  than  98.5  per  cent,  of  pure  Lithixmi  Benzoate  [CgHj.- 
COOLi]  and  should  be  kept  in  well-stoppered  bottles. 
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A  light,  white  powder,  or  small,  shining,  crystalline  scales;  odorless,  or  of  faint 
benzoin-like  odor,  and  of  a  cooling,  sweetish  taste;  permanent  in  the  air. 

Soluble  in  3  parts  of  water  and  in  13  parts  of  alcohol  at  25°  C.  (77°  F.);  in 
2.5  parts  of  boiling  water  and  in  10  parts  of  boiling  alcohol.  Its  solubility  in  water 
is  increased  by  the  presence  of  sodium  benzoate,  but  lessened  when  alcohol  is  the 
solvent. 

When  heated  the  salt  fuses;  at  a  higher  temperature  it  chars,  emits  inflam- 
mable vapors  having  a  benzoin-like  odor,  and  finally  leaves  a  residue  of  lithium 
carbonate  mixed  with  carbon.  This  residue  imparts  a  crimson  color  to  a  non- 
luminous  flame,  and  its  aqueous  solution  has  an  alkaline  reaction  upon  litmus- 
paper. 

The  aqueous  solution  (1  in  20)  of  Lithium  Benzoate  has  an  alkaline  reaction 
upon  litmus,  but  is  neutral  to  phenolphthalein  T.S. 

The  addition  of  a  few  drops  of  ferric  chloride  T.S.  to  the  above  solution  will 
produce  a  voluminous  flesh-colored  precipitate  of  ferric  benzoate. 

If  an  excess  of  hydrochloric  acid  be  added  to  a  concentrated  aqueous  solution 
of  0.6  Gm.  of  Lithium  Benzoate,  a  white  precipitate  of  benzoic  acid  will  be  formed, 
which,  after  collecting  upon  a  filter  and  thoroughly  washing  and  drying,  should 
respond  to  the  tests  of  purity  given  under  Acidum  Bemoicum. 

If  1  Gm.  of  the  salt  be  dissolved  in  20  Cc.  of  water,  and  the  benzoic  acid  pre- 
cipitated by  the  addition  of  a  sufficient  quantity  of  hydrochloric  acid,  the  filtrate 
should  respond  to  the  following  tests  of  purity: 

The  addition  of  ammonia  water  until  the  solution  has  an  alkaline  reaction 
should  produce  neither  turbidity  nor  precipitation,  either  before  or  after  boiling 
(absence  of  iron,  aluminum,  etc.). 

Tests  for  Identity.     See  Lithium  and  Benzoates,  above. 

Impurities. — Iron  and  aluminum,  see  above.  Excess  of  alkali 
and  heavy  metals.     See  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  salt  is  made  by  treating  lithium  carbonate  with 
benzoic  acid,  as  shown  in  the  following  equation: 

LijCOa     +     2HC,H50,     =     2UC,-H.S)^     +     H^O     +     CO^. 

It  occurs  in  a  light  white  powder  or  small,  shiny  scales,  and  is 
used  as  a  diuretic  and  as  a  remedy  for  gout. 
Dose. — 1  Gm.  (15  grains). 

LITHII   BROMIDUM.     Lithium  Bromide. 

LiBr  =  86.34 

It  should  contain  when  well  dried  not  less  than  97  per  cent,  of  pure  Lithium 
Bromide  and  should  be  kept  in  well-stoppered  bottles. 

A  white,  granular  salt,  odorless,  and  having  a  sharp,  slightly  bitter  taste;  very 
deliquescent. 

Soluble  in  0.6  part  of  water  at  25°  C.  (77°  F.)  and  in  0.3  part  of  boihng  water; 
very  soluble  in  alcohol;  also  soluble  in  ether. 

At  a  low  red  heat  the  salt  fuses,  and  at  a  higher  heat  it  is  slowly  volatilized. 

The  aqueous  solution  is  slightly  alkaline  to  litmus-paper. 

Tests  for  Identity. — See  Lithium  and  Bromides  in  Part  V. 

Impurities. — Other  alkalis,  iron,  and  aluminum.  See  Lithium 
Benzoate.  Iodine,  excess  of  potassium,  and  heavy  metals.  Details 
in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  salt  is  made  by  treating  lithium  carbonate  with 
potassium  bromide,  as  shown  in  the  following  equation: 

Li,CO,     +     2KBr     =     K,CO,     +     2LiBr, 
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or  by  treating  lithium  sulphate  with  potassium  bromide.  In  both 
cases  the  potassium  salt — the  carbonate  or  the  sulphate — is  precipi- 
tated from  the  lithium  bromide  solution  by  the  addition  of  a  small 
quantity  of  alcohol.  Yvon's  process  of  preparation  is  by  treating 
lithium  carbonate  with  bromine  and  then  passing  hydrogen  sulphide 
through  the  mixture  until  the  color  of  the  bromine  has  disappeared. 
In  this  case  the  sulphide  acts  on  the  bromine  to  form  hydrobromic 
acid  and  sulphur,  the  latter  precipitating.  The  hydrobromic  acid, 
in  turn,  acts  on  the  lithium  carbonate  to  form  lithium  bromide,  and 
the  result  of  the  reaction  is  a  solution  of  lithium  bromide  containing  a 
precipitate  of  sulphur,  which  is  removed  by  filtration.  The  filtered 
liquid  is  concentrated  by  evaporation  and  crystallized  by  desiccation, 
under  the  bell-glass,  with  sulphuric  acid.  A  fourth  process  suggested 
is  by  treating  ferrous  bromide  with  lithium  carbonate,  and  is,  there- 
fore, similar  to  the  process  for  making  potassium  bromide.  (See 
p.  439.) .... 

Lithium  bromide  is  a  deliquescent,  white,  granular  salt,  having  a 
slightly  sharp,  bitter  taste,  and  soluble  in  0.6  part  of  water.  It  is 
used  as  a  hypnotic. 

Dose. — 1  Gm.  (15  grains). 

LITHII   CARBONAS.     Lithium  Carbonate. 

Li^COs  =  73.51 

It  should  contain  not  less  than  98.5  per  cent,  of  pure  Lithium  Carbonate  [CO.- 
(0Li)2]  and  should  be  kept  in  well-stoppered  bottles. 

A  light,  white  powder,  odorless,  and  having  an  alkaline  taste;  permanent  in 
the  air. 

Soluble  in  75  parts  of  water  at  25°  C.  (77°  F.),  also  in  140  parts  of  boiling  water; 
much  more  soluble  in  water  saturated  with  carbon  dioxide;  insoluble  in  alcohol; 
soluble  in  diluted  acids  with  active  effervescence. 

At  a  low  red  heat  the  salt  fuses;  at  a  higher  temperature  it  loses  some  of  its 
carbon  dioxide,  and  is  partially  converted  into  lithium  oxide.  Its  solution  in 
hydrochloric  acid  imparts  a  crimson  color  to  a  non-luminous  flame. 

The  aqueous  solution  has  an  alkaline  reaction  upon  litmus-paper. 

If  1  Gm.  of  Lithium  Carbonate  be  dissolved  in  40  Cc.  of  diluted  acetic  acid, 
no  insoluble  residue  should  remain. 

Tests  for  Identity. — See  Lithium  and  Carbonates  in  Part  V. 

Impurities. — Iron  and  aluminum  and  other  alkalis.  See  Lithium 
Benzoate.     Heavy  metals.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Lithium  carbonate  is  prepared  from  lepidolite  by 
making  a  paste  of  the  finely  powdered  ore  with  concentrated  sul- 
phuric acid,  calcining,  and  treating  the  residue  with  water.  This 
throws  out  silicic  acid,  and  converts  the  metals  into  sulphates,  which 
go  into  solution.  To  the  solution,  potassium  sulphate  is  added, 
when,  on  concentration,  the  aluminum  crystallizes  out  as  alum.  To 
the  remaining  solution  of  the  sulphates  of  sodium,  potassium,  and 
lithium,  sodium  carbonate  is  added,  when  crude  lithium  carbonate 
precipitates.  This  is  purified  by  cooking  with  milk  of  lime,  when  a 
solution  of  lithium  hydroxide  results,  and  from  this  the  carbonate  is 
produced  by  use  of  sodium  carbonate.  Lithium  carbonate  is  also 
made  by  adding  the  chloride  to  warm  20  per  cent,  ammonium  car- 
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bonate  solution,  or  to  solution  of  ammonium  carbonate  containing 
ammonia  water. 

Lithium  carbonate  is  used  in  gout  because  of  the  solvent  power 
it  possesses  over  uric  acid.  Gout  is  a  disease  caused  by  the  formation 
of  deposits  of  calcium  urate  in  the  various  joints,  and  to  relieve  gout 
it  is  essential  that  these  deposits  be  removed.  For  this  purpose 
nothing  has  been  found  to  act  so  satisfactorily  as  do  the  various 
lithium  compounds. 

Dose. — 500  milligrammes  (7^  grains). 

LITHII  CITRAS.     Lithium  Citrate. 

LijCgHA  +  4H2O  =  280.08 

It  should,  when  carefully  dried,  contain  not  less  than  98.5  per  cent,  of  pure 
Lithium  Citrate  [C3H^(OH)(COOLi)3]  and  should  be  kept  in  well-stoppered  bottles. 

A  white  powder,  or  colorless  crystals,  odorless,  and  having  a  cooling,  faintly 
alkaline  taste;  deliquescent  on  exposure  to  moist  air. 

Soluble  in  about  2  parts  of  water  at  25°  C.  (77°  F.)  and  in  1.5  parts  of  boiling 
water;  almost  insoluble  in  alcohol  or  ether. 

At  a  red  heat  the  salt  chars,  emits  inflammable  vapors  having  a  pungent  odor, 
and  finally  leaves  a  black  residue  of  lithium  carbonate  mixed  with  carbon.  It 
imparts  a  crimson  color  to  a  non-luminous  flame. 

The  aqueous  solution  is  neutral  to  litmus-paper,  and  should  not  redden  phenol- 
phthalein  T.S. 

Tests  for  Identity. — See  Lithium  and  Citrates  in  Part  V. 
Impurities. — Other   alkalis,    iron,    and   aluminum.     See    Lithium 
Benzoate.     Heavy  metals.     Details  in  Part  V. 

Assay. — If  0.5  Gm.  of  anhydrous  Lithium  Citrate  be  cautiously  ignited  in  a 
porcelain  crucible,  and  if,  after  cooling,  the  residue  be  moistened  with  a  few  drops 
each  of  nitric  and  sulphuric  acids  and  again  cautiously  ignited,  repeating  the  opera- 
tion until  the  residue  becomes  white  and  of  constant  weight,  then  the  residue  of 
lithium  sulphate  should  weigh  not  less  than  0.387  Gm.  nor  more  than  0.394  Gm. 

Remarks. — This  salt  is  made  by  treating  the  lithium  carbonate 
with  citric  acid,  and  crystallization  of  the  citrate  by  evaporation  of 
the  solution.  It  occurs  in  the  form  of  a  white,  deliquescent  powder, 
possessing  a  feebly  alkaline  taste,  and  is  soluble  in  two  parts  of  water. 
Its  use  is  the  same  as  that  of  the  carbonate,  but  has  the  advantage 
of  possessing  a  less  disagreeable  taste,  and  is  more  easily  tolerated 
by  the  stomach. 

Dose. — 500  milligrammes  (7|  grains). 

LITHII  CITRAS  EFFERVESCENS.     Effervescent  Lithium  Citrate. 

Recipe. — Lithium  Citrate,  fifty  grammes 50  Gm. 

Sodium   Bicarbonate,   dried  and  powdered,  five 

hundred  and  seventy  grammes 570  Gm. 

Tartaric  Acid,  dried  and  powdered,  three  hundred 

grammes 300  Gm. 

Citric  Acid,  uneffloresced  crystals,  one  hundred  and 

ninety-five  grammes 195  Gm. 

To  make  about  one  thousand  grammes . .   1000  Gm. 

Powder  the  Citric  Acid  and  mix  it  intimately  with  the  Lithium  Citrate  and 
Tartaric  Acid,  then  thoroughly  incorporate  the  Sodium  Bicarbonate.  Place  the 
mixed  powders  on  a  plate  of  glass  or  in  a  suitable  dish,  in  an  oven  heated  between 
93°  and  104°  C.  (199.4°  and  219.2°  F.). 

31 
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When  the  mixture,  by  the  aid  of  careful  manipulation  with  a  wooden  spatula, 
has  acquired  a  moist  consistence,  rub  it  through  a  No.  6  tinned-iron  sieve,  and  dry 
the  granules  at  a  temperature  not  exceeding  54°  C.  (129.2°  F.).  Keep  the  product 
in  well-stoppered  bottles. 

Remarks. — This  effervescent  salt  is  a  5  per  cent,  mixture  of  lithium 
citrate  with  sodium  bicarbonate,  dried  tartaric  acid,  and  crystalline 
citric  acid,  granulated  by  softening  the  mass  with  heat  and  rubbing 
through  a  coarse  sieve. 

Dose. — 8  Gm.  (120  grains). 

LITHII   SALICYLAS.     Lithium  Salicylate. 

LiC7H503  =  142.99 

It  should  contain  not  less  than  98.5  per  cent,  of  pure  Lithium  Salicylate  [CgH^- 
(OH)COOLi]  and  should  be  kept  in  well-stoppered  bottles. 

A  white  or  grayish-white  powder,  odorless,  and  having  a  sweetish  taste;  deli- 
quescent in  a  moist  atmosphere. 

Very  soluble  in  water  and  in  alcohol. 

When  heated  the  salt  is  decomposed,  emitting  the  odor  of  phenol,  and  finally 
leaving  a  residue  of  lithium  carbonate  and  carbon.  It  imparts  a  crimson  color 
to  a  non-luminous  flame. 

The  aqueous  solution  slightly  reddens  blue  litmus-paper. 

The  aqueous  solution  should  be  colorless  (absence  of  iron  and  organic  coloring 
matters),  and  should  not  effervesce  upon  the  addition  of  diluted  acids  (absence  of 
carbonate). 

If  copper  sulphate  T.S.  be  added  to  an  aqueous  solution  of  the  salt  (1  in  20), 
the  mixture  should  have  a  bright  green  color. 

Tests  for  Identity. — See  Lithium  and  Salicylates  in  Part  V. 

Impurities. — Other  alkalis,  iron,  and  aluminum.  See  Lithium 
Benzoate.  Organic  coloring-matter  and  carbonate  (see  above). 
Heavy  metals.     Details  in  Part  V. 

Assay. — If  0.5  Gm.  of  dry  Lithium  Salicylate  be  thoroughly  mixed  with  about 
1  Gm.  of  powdered  anhydrous  ammonium  sulphate,  and  cautiously  ignited  in  a 
porcelain  crucible  until  of  constant  weight,  the  residue  should  weigh  not  less  than 
0.188  Gm.  nor  more  than  0.192  Gm. 

This  is  prepared  by  treating  lithium  carbonate  with  salicylic 
acid,  heating  until  the  effervescence  ceases,  and  then  granulating. 
The  salt  occurs  in  the  form  of  a  grayish-white,  deliquescent  powder, 
having  a  sweetish  taste,  very  soluble  in  both  alcohol  and  water. 
Lithium  salicylate  is  a  popular  remedy  for  rheumatism  and  gout, 
since  it  possesses  the  antirheumatic  properties  of  both  salicylic  acid 
and  lithium. 

Dose. — 1  Gm.  (15  grains). 

AMMONIUM 

Ammonium  is  discussed  as  an  element,  although  we  know  it  is  a 
compound  and  have  no  proof  that  it  exists  in  a  free  state.  By 
ammonium  we  mean  the  radicle  NH^.     Graphically, 


N 
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The  discussion  of  radicles  found  on  p.  633  will  explain  ' 
with  one  free  bond,  can  act  like  a  metal  with  one  free  bond. 

The  only  inkling  we  have  of  the  metallic  character  of  ammonium 
and  the  possibility  of  its  eventual  isolation  come  from  the  fact  that,  0, 

by  electrolysis  of  ammonium  hydroxide  in  the  presence  of  mercury, 
there  is  formed  an  amalgam  of  ammonium  with  mercury  similar  to  ( 

that  yielded  by  metallic  sodium  or  potassium  with  the  same  liquid 
elements. 

This  amalgam,  on  being  heated,  splits  into  mercury,  ammonia 
(NH3),  and  hydrogen. 

Do  not  confound  ammonium  with  ammonia.  Ammonia  is  a  gas 
of  sharp,  penetrating  odor,  characteristic  of  spirit  of  hartshorn, 
having  the  formula  NH3,  or,  graphically, 


N= 


It  is  a  definite  chemical  in  which  all  three  of  the  nitrogen  bonds 
are  satisfied  by  hydrogen.  Ammonium  is  a  radicle,  showing  nitrogen 
with  five  bonds  and  only  four  of  these  taken  up  by  hydrogen,  leaving 
one  free  bond  ready  for  action.  The  formation  of  ammonium  com- 
pounds from  ammonia  is  different  from  metallic  combinations.  If 
we  treat  a  metal — say,  potassium — with  hydrochloric  acid,  hydrogen 
is  evolved  and  a  chloride  is  formed,  thus — 

K     +     HCl     =     KCl     +     H. 

If,  on  the  other  hand,  we  treat  ammonia  with  hydrochloric  acid, 
ammonium  chloride  is  formed  without  evolution  of  hydrogen,  thus — 


or,  graphically. 


NHs     +     HCl     =     NH.Cl, 


M H     +     HCl  gives     WjM- 1 


-H 

H 

H 

-H 

-CI 


This  reaction  seems  to  prove  Frankland's  theory  concerning  bonds, 
mentioned  on  p.  364, 

Again,  let  it  be  reiterated  that  sodium  (Na)  is  not  soda  (NaOH), 
potassium  (K)  is  not  potash  (KOH),  and  ammonium  (NH^)  is  not 
ammonia  (NHg). 

Ammonia,  as  just  mentioned,  is  a  gas  having  the  formula  of  NH3. 
This  body  is  interesting  as  one  of  the  few  volatile  alkalis  (the  others 
being  organic  chemicals),  and  its  presence  in  compounds  is  generally 
detected  by  means  of  its  volatility,  the  suspected  substance  being 
treated  with  soda  or  potassa  and  heated;  if  ammonium  compounds 
are  present,  the  ammonia  gas  is  evolved,  and  is  readily  recognized 
by  its  characteristic  odor.  If  only  minute  quantities  of  the  gas  are 
evolved,  it  can  be  detected  by  means  of  moistened  red  litmus-paper, 
which  will  turn  blue  upon  being  applied  to  the  vapors  of  ammonia. 
When  ammonium  gas  comes  in  contact  with  hydrochloric  acid,  white 
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fumes  of  ammonium  chloride  are  formed.  In  testing  for  minute 
quantities  of  ammonia,  Nessler's  reagent  is  employed.  This  consists 
of  a  solution  of  mercuric  iodide  in  an  excess  of  mercuric  chloride, 
and  when  this  colorless  or  faintly  straw-colored  liquid  is  added  to 
the  solution  containing  ammonia,  the  liquid  is  then  changed  to  either 
an  amber  tint  or  a  red-brown  precipitate  is  produced,  according  to 
the  amount  of  ammonia  present.  By  this  means  small  quantities 
of  ammonia  (even  1  part  to  10,000,000)  can  be  detected  in  a  liquid. 

The  test  is  too  sensitive  for  application  in  ordinary  analytic 
processes,  but  is  invaluable  in  detecting  ammonia  in  drinking-water, 
as  already  explained  on  p.  385. 

Ammonia  gas  was  first  prepared  by  Priestly,  in  1774,  by  heating 
ammonium  chloride  with  slaked  lime,  the  reaction  being: 

2NH,C1     +     Ca(0H)2     =     CaCl^     +     2NH3     +     2H2O. 

The  evolved  gas  he  called  "alkaline  air,"  the  word  ammonia 
(or  Ammoniack)  being  first  applied  to  it  by  Bergman  in  1782. 

Commercial  ammonia  gas  is  made  from  the  ammoniacal  liquor  of 
gas-works.  In  the  manufacture  of  illuminating-gas  from  coal  the 
gas,  as  it  leaves  the  retort,  is  passed  through  diluted  sulphuric  acid 
to  remove  the  ammonia  produced  from  the  coal.  In  this  way  the 
acid  liquid  eventually  becomes  a  solution  of  ammonium  sulphate, 
and  the  crude  sulphate  obtained  by  evaporation  of  the  solution  is 
sold  to  the  chemical  manufacturers.  By  treating  this  crude  sulphate 
with  slaked  lime  the  ammonia  gas  is  evolved,  and  on  being  passed 
into  water,  forms  the  commercial  solution  of  ammonia. 

AQUA  AMMONIA.     Ammonia  Water. 

An  aqueous  solution  of  Ammonia  [NH3  =  16.93]  containing  10  per  cent.,  by- 
weight,  of  gaseous  ammonia.  This  solution  deteriorates  on  keeping,  and  should 
be  tested  frequently.  It  must  not  be  dispensed  for  medicinal  purposes  if  it  contains 
less  than  10  per  cent.,  by  weight,  of  the  gas.  Ammonia  Water  should  be  kept  in 
glass-stoppered  bottles,  in  a  cool  place. 

A  colorless,  transparent  liquid,  having  a  very  pungent,  characteristic  odor,  a 
caustic  alkaline  taste,  and  a  strongly  alkaline  reaction  upon  red  litmus-paper. 

Specific  gravity:  0.958  at  25°  C.  (77°  F.). 

It  is  completely  volatihzed  at  100°  C.  (212°  F.). 

On  bringing  a  glass  rod  dipped  into  hydrochloric  acid  near  cold  Ammonia  Water, 
dense  white  fumes  are  produced. 

On  slightly  supersaturating  10  Cc.  of  Ammonia  Water  with  diluted  sulphuric 
acid,  no  empyreumatic  odor  or  red  color  should  be  developed,  and  if  to  this  liquid 
0.1  Cc.  of  tenth-normal  potassium  permanganate  V.S.  be  added,  the  pink  color 
should  not  be  completely  destroyed  within  ten  minutes  (absence  of  readily  oxidizable 
substances). 

If  Ammonia  Water  be  slightly  supersaturated  with  nitric  acid  and  be  evapo- 
rated on  a  water-bath  to  dryness,  it  should  be  completely  volatilized,  leaving  no 
residue  on  subsequent  ignition  (absence  of  coal-tar  bases  and  of  fixed  impurities). 

Tests  for  Identity. — White  fumes  with  hydrochloric  acid  (see 
above) . 

Impurities. — Oxidizable  substances,  coal-tar  bases  (see  above), 
carbonic  acid,  heavy  metals,  sulphates,  chlorides.     See  Part  V. 

Assay. — Details  in  Part  V. 

Dose. — 1  Cc.  (15  minims). 
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AQUA  AMMONIA    FORTIOR.     Stronger  Ammonia  Water. 

An  aqueous  solution  of  Ammonia  [NH3  =  16.93]  containing  28  per  cent.,  by- 
weight,  of  gaseous  ammonia.  This  solution  deteriorates  on  keeping,  and  should 
be  tested  frequently.  Stronger  Ammonia  Water  should  be  kept  in  partially  filled, 
strong,  glass-stoppered  bottles,  in  a  cool  place.  Great  caution  should  be  used  in 
liandling  this  liquid. 

A  colorless,  transparent  liquid,  having  an  excessively  pungent  odor,  a  very 
caustic  and  alkaline  taste,  and  a  strongly  alkaline  reaction  upon  red  litmus-paper. 

Specific  gravity:  0.897  at  25°  C.  (77^  F.). 

If  Stronger  Ammonia  Water  be  diluted  with  twice  its  volume  of  distilled  water, 
it  should  respond  to  the  reactions  and  tests  described  under  Aqim  Ammonioe. 

The  percentage  of  ammonia  gas  in  Stronger  Ammonia  Water  should  be  deter- 
mined by  the  same  test  as  that  given  under  Aqua  Ammonice. 

Remarks. — It  will  be  seen  that  the  pharmacopoeia  recognizes 
two  strengths  of  ammonia  water — the  ordinary,  containing  10  per 
cent.,  by  weight,  of  ammonia  gas,  and  the  stronger  water,  which 
contains  28  per  cent,  of  the  same  gas  and  represents  a  saturated 
solution.  Unfortunately,  as  is  usual  with  commercial  chemicals, 
ammonia  is  not  always  sold  by  percentage  of  ammonia  gas,  but  by 
the  arbitrary  marking  of  degrees. 

The  "degrees"  mean  the  graduations  of  the  Baum6  scale  of  light 
liquids  (see  p.  49),  and  must  not  be  confounded  for  the  percentage. 
Thus,  17°  ammonia,  largely  sold  by  wholesalers,  does  not  contain 
17  per  cent,  ammonia  gas,  but  represents  the  specific  gravity  0.953, 
which  means  only  11^  per  cent,  ammonia  gas. 

To  render  the  subject  still  more  vague,  some  wholesalers  sub- 
stitute for  degrees  Baum^  arbitrary  markings  ''F,"  "FF,"  "  FFF," 
and  even  "FFFF."  Presumably  the  first  stands  for  "fortis"  (strong), 
the  second  for  "fortior"  (stronger),  and  the  third  for  ''fortissimus" 
(strongest).     In  this  case  4  F  is  outdoing  the  superlative. 

When  ammonia  gas  is  run  into  water,  ammonium  hydroxide  is 
produced  by  a  reaction  similar  to  that  just  cited  as  occurring  between 
ammonia  and  hydrochloric  acid.     The  reaction  is: 

NH3  +  HOH  =  NH.OH, 

the  valence  of  nitrogen  changing  from  in  to  v  during  the  process. 

This  theory  is  disputed  by  Thomson,  who,  from  physical  and 
thermic  experiments,  concluded  that  ammonia  water  is  simply  a 
solution  of  NH3  gas  in  water. 

Ammonia  water  (10  per  cent.)  is  called  s'pirit  of  hartshorn  because 
originally  made  by  the  destructive  distillation  of  the  horn  of  the 
hart  (Cornu  cervi).  Regarding  the  stronger  ammonia  water,  con- 
taining 28  per  cent,  of  ammonia  gas,  nothing  need  be  added  to  what 
has  already  been  said  on  p.  167.  In  addition  to  these  two  aqueous 
solutions  of  ammonia  gas  the  pharmacopoeia  recognizes  an  alcoholic 
solution  containing  10  per  cent,  by  weight  of  ammonia  gas;  this  is 
the  official  spiritus  ammonioe. 

SPIRITUS  AMMONIiE.     Spirit  of  Ammonia. 

An  alcoholic  solution  of  Ammonia  [NH3  =  16.93]  containing  10  per  cent.,  by 
weight,  of  the  gas.  This  solution  deteriorates  on  keeping,  and  should  be  tested 
frequently.  It  must  not  be  dispensed  for  medicinal  purposes  if  it  contains  less  than 
10  per  cent,  of  gaseous  Ammonia. 
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Recipe. — Stronger  Ammonia  Water,  two  hundred  and  fifty 

cubic  centimeters 250  Cc. 

Alcohol,  recently  distilled,  and  after  distillation 
kept  in  glass  vessels,  a  sufficient  quantity. 

Pour  the  Stronger  Ammonia  Water  into  a  flask  provided  with  a  safety  funnel, 
and  connected,  by  means  of  a  glass  condenser,  with  a  well-cooled  receiver  containing 
five  hundred  cubic  centimeters  of  Alcohol,  the  delivery  tube  of  the  condenser  reaching 
nearly  to  the  bottom  of  the  receiver.  Heat  the  flask  carefully,  and  very  gradually, 
to  a  temperature  not  exceeding  60°  C.  (140°  F.),  and  maintain  it  at  that  temperature 
until  Ammonia  ceases  to  be  evolved.  Then  disconnect  the  receiver,  and,  having 
ascertained  the  strength  of  a  portion  of  the  contents  by  the  method  of  assay  given 
below,  add  enough  Alcohol  to  make  the  product  contain  ten  per  cent.,  by  weight,  of 
Ammonia  gas.     Keep  the  Spirit  in  glass-stoppered  bottles,  in  a  cool  place. 

A  colorless  liquid,  having  a  strong  odor  of  ammonia,  and  a  specific  gravity  of 
about  0.808  at  25°  C.  (77°  F.). 

When  diluted  with  water,  it  should  respond  to  the  tests  for  identity  and  purity 
given  under  Aquu  Ammonioe. 

Assay. — Details  in  Part  V. 

Remarks. — The  pharmacopceial  process  of  manufacture,  by 
placing  the  stronger  water  of  ammonia  in  a  retort  and  driving  off  the 
ammonia  gas  by  heat  into  alcohol,  and  finally  estimating  the  ammonia 
strength  of  the  alcohol,  and  reducing  to  10  per  cent,  value,  was  found 
by  the  writer  to  be  useless,  his  experience  being  that  three  times  the 
pharmacopceial  amount  of  ammonia  water  produced  a  spirit  of 
ammonia  containing  but  7  per  cent,  of  ammonia  gas.  In  fact,  the 
only  way  he  succeeded  in  getting  a  10  per  cent,  solution  spirit  of 
ammonia  was  by  the  production  of  ammonia  gas  by  treating  the 
chloride  with  an  alkali,  and  passing  this  gas  into  alcohol  under 
pressure. 

Dose. — 1  Cc.  (15  minims). 

AMMONIUM  SALTS 

Ammonium  salts  all  contain  the  radicle  NH4,  which  acts  very 
much  like  the  elements  sodium  and  potassium.  Thus,  while  the 
formula  of  sodium  bromide  is  NaBr,  so  the  formula  of  ammonium 
bromide  is  NH^Br;  as  the  formula  of  potassium  sulphate  is  KjSO^, 
so  that  of  ammonium  sulphate  is  (NH4)2S04. 

The  following  ammonium  salts  and  their  preparations  are  official: 

Solution  of  ammonium  acetate  containing  about  7 

per  cent NH^CjHgOj. 

Ammonium  benzoate  containing  98  per  cent,  absolute.  .  NH^C^HjOj. 

Ammonium  bromide  containing  97  per  cent,  absolute .  .   NH^Br. 

Ammonium  carbonate   containing   97   per   cent,  of  a 

mixture  of NH^HCOg  and  NH.NH^COj. 

Aromatic  spirit  of  ammonia.     A  pharmaceutical. 

Ammonium  chloride  containing  99.5  per  cent,  abso- 
lute    NH.Cl. 

Troches  of  ammonium  chlorid.     A  pharmaceutical. 

Ammonium  iodide  containing  97  per  cent,  absolute NH^I. 

Ammonium  salicylate  containing  98  per  cent,  abso- 
lute   NH.C^HsOa. 

Ammonium  valerate  containing  98  per  cent,  absolute.  .  .  NH^CjHgOa. 

LIQUOR   AMMONII   ACETATIS.     Solution  of  Ammonium  Acetate. 

An  aqueous  solution  which  should  contain  not  less  than  7  per  cent,  of  Ammonium 
Acetate  [CH3.COONH4  =  76.51],  with  small  amounts  of  acetic  and  carbonic  acids. 
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Recipe. — Ammonium  Carbonate,  five  grammes 5  Gm. 

Diluted  Acetic  Acid,  one  hundred  cubic  centimeters.   100  Cc. 

Add  the  Ammonium  Carbonate  (which  should  be  in  translucent  pieces,  free  from 
white,  pulverulent  bicarbonate)  gradually  to  the  cold  Diluted  Acetic  Acid,  and  stir 
until  it  is  dissolved. 

This  preparation  should  be  freshly  made  when  wanted. 

A  clear  colorless  liquid,  free  from  empyreuma,  of  a  mildly  saline,  acidulous  taste, 
and  an  acid  reaction. 

It  is  wholly  volatilized  by  heat. 

When  Solution  of  Ammonium  Acetate  is  heated  with  potassium  hydroxide  T.S., 
ammonia  is  evolved. 

If  to  5  Cc.  of  the  Solution  1  Cc.  each  of  sulphuric  acid  and  alcohol  be  added,  and 
the  mixture  boiled,  the  odor  of  acetic  ether  will  be  developed. 

Remarks. — This  solution,  which  contains  about  7  per  cent,  of  the 
salt,  and  which  is  known  by  the  synonym  of  spirit  of  mindererus,  is 
made  by  adding  5  Gm.  of  ammonium  carbonate  to  100  Cc.  of  diluted 
acetic  acid,  and  the  pharmacopoeia  directs  that  it  should  be  freshly 
prepared  when  desired.  The  object  of  directing  its  being  fresh  is  in 
order  that  the  product  will  reach  the  patient  in  a  slightly  effervescent 
form,  although  the  pharmacist  must  be  careful  not  to  cork  the  bottle 
while  there  is  sufficient  effervescence  to  produce  an  explosion.  The 
pharmacopoeia  of  1880  directed  a  more  convenient  process  of  manu- 
facture by  ordering  the  ammonium  carbonate  to  be  dissolved  in  water 
and  acetic  acid  be  diluted  with  sufficient  water,  so  that  by  mixing 
equal  quantities  of  the  two  solutions  a  7  per  cent,  solution  of  ammo- 
nium citrate  will  be  produced.  It  seems  unfortunate  that  this  very 
convenient  and  simple  process  was  dropped  in  the  revision. 

Solution  of  ammonium  acetate  is  a  refreshing  refrigerant. 

Dose. — 16  Cc.  (4  fluidrachms). 

AMMONII    BENZOAS.     Ammonium  Benzoate. 

NHAH5O2  =  138.06 

It  should  contain  not  less  than  98  per  cent,  of  pure  Ammonium  Benzoate  [C9H5.- 
COONHJ  and  should  be  kept  in  well-stoppered  bottles. 

Thin,  white,  laminar  crystals,  or  a  crystalline  powder;  odorless  or  having  a 
slight  odor  of  benzoic  acid,  a  saline,  bitter,  afterward  slightly  acrid  taste,  and  gradu- 
ally losing  ammonia  on  exposure  to  the  air. 

Soluble  in  about  10.5  parts  of  water  and  25  parts  of  alcohol  at  25°  C.  (77°  F.), 
in  1.2  parts  of  boiling  water,  and  in  7.6  parts  of  boiling  alcohol. 

The  salt  fuses  at  193°  to  194°  C.  (379.4°  to  381.2°  F.),  with  decomposition,  and 
when  strongly  heated  emits  vapors  having  the  odor  of  ammonia  and  benzoic  acid, 
and  is  finally  completely  volatilized. 

The  aqueous  solution  of  the  salt  is  neutral,  or  very  slightly  reddens  blue  litmus- 
paper. 

Tests  for  Identity. — See  Ammonium  and  Benzoates  in  Part  V. 

Impurities. — Sulphates,  chloride,  and  heavy  metals.  Details 
in  Part  V. 

Remarks. — This  official  is  made  by  treating  ammonia  water  with 
a  molecular  quantity  of  benzoic  acid.  There  must,  however,  be  a 
slight  excess  of  ammonia,  as  the  acid  benzoate  is  less  soluble  than 
the  official  salt.  It  occurs  in  four-sided  crystals,  soluble  in  five  parts 
of  water,  and  is  used  as  a  diuretic. 

Dose. — 1  Gm.  (15  grains). 
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AMMONII   BROMIDUM.     Ammonium  Bromide. 

NH.Br  =  97.29 

It  should  contain  not  less  than  97  per  cent,  of  pure  Ammonium  Bromide  and 
should  be  kept  in  well-stoppered  bottles. 

Colorless,  transparent,  prismatic  crystals,  or  a  white,  crystalline  powder;  odorless, 
of  a  pungent,  saline  taste,  and  permanent  in  dry  air.     ' 

Soluble  in  1.2  part  of  water  and  in  12.5  parts  of  alcohol  at  25°  C.  (77°  F.),  in  0.7 
part  of  boiling  water  and  in  9  parts  of  boiling  alcohol. 

When  heated,  Ammonium  Bromide  volatilizes  completely,  without  fusing. 

An  aqueous  solution  of  the  salt  slightly  reddens  blue  litmus-paper. 

Tests  for  Identity. — See  Ammonium  and  Bromides  in  Part  V. 

Impurities. — Iodide,  bromate,  excess  of  iron,  barium,  heavy 
metals.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  salt  is  made  in  several  ways:  first,  by  treating 
the  ammonium  sulphate  with  potassium  bromide,  and  precipitating 
out  the  potassium  sulphate  thus  formed,  by  the  addition  of  alcohol; 
secondly,  by  treating  ferrous  bromide  with  ammonia  water,  and 
filtering  the  resulting  ferric  hydrate,  and  concentrating  the  filtered 
solution  of  ammonia  bromide.  Dr.  Pile's  process  is  by  treating 
bromine  with  ammonia  water,  as  shown  in  the  following  equation: 

6Br     +     8NH3     =     6NH,Br     +     N^. 

The  bromine  must  be  placed  in  a  stone  jar,  with  four  times  its 
weight  of  water,  the  ammonia  gas  being  added  very  gradually  to 
the  mixture  until  the  solution  is  free  from  the  odor  of  bromine.  Too 
much  stress  cannot  be  laid  on  the  care  required  in  adding  ammonia 
water,  as  the  rapid  addition  of  ammonia  may  result  in  the  formation 
of  a  very  explosive  nitrogen  bromide  (NBrg). 

Ammonium  bromide  is  used  as  a  hypnotic. 

Dose. — 1  Gm.  (15  grains). 

AMMONII   CARBONAS.     Ammonium  Carbonate. 

C2H11N3O5  =  156.01 

It  should  contain  not  less  than  97  per  cent,  of  a  mixture  of  Acid  Ammonium 
Carbonate  [CO(OH)ONHJ  and  Ammonium  Carbamate  [CO (NH2)0NH J,  and  should 
yield  not  less  than  31.58  per  cent,  of  ammonia  gas.  It  should  be  kept  in  well-stop- 
pered bottles,  in  a  cool  place.  For  dispensing  purposes,  only  the  translucent  portions 
should  be  used. 

White,  hard,  translucent,  striated  masses,  having  a  strong  odor  of  ammonia 
without  empyreuma,  and  a  sharp,  saline  taste.  On  exposure  to  the  air,  the  salt 
loses  both  ammonia  and  carbon  dioxide,  becoming  opaque,  and  is  finally  converted 
into  friable,  porous  lumps,  or  a  white  powder. 

Slowly  but  completely  soluble  in  about  4  parts  of  water  at  25°  C.  (77°  F.); 
it  is  decomposed  by  hot  water,  with  the  elimination  of  carbon  dioxide  and  ammonia. 
By  prolonged  boiling  with  water  the  salt  is  completely  volatilized.  Alcohol  dissolves 
the  carbamate  and  leaves  the  acid  carbonate. 

When  heated.  Ammonium  Carbonate  is  completely  volatilized,  without  charring. 

The  aqueous  solution  effervesces  with  acids,  and  shows  an  alkaline  reaction  with 
red  litmus-paper. 

If  an  aqueous  solution  containing  1  Gm.  of  the  salt  be  slightly  supersaturated 
with  nitric  acid,  and  then  evaporated  to  dryness  on  a  water-bath,  it  should  afford 
a  colorless  and  odorless  residue,  which,  upon  gentle  ignition,  should  be  completely 
volatilized  (absence  of  empyreumatic  or  non-volatile  matters). 
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Tests  for  Identity. — Given  above. 

Impurities. — Heavy  metals,  sulphate,  thiosulphate,  excess  of 
chloride.     Details  in  Part  V.     Empyreumatic  matter,  given  above. 

Assay. — Details  in  Part  V. 

Ammonium  carbonate  is  not  a  true  carbonate,  the  formula  of  which 
would  be  (NH4)2C03,  analogous  to  NaaCOg.  The  official  salt  is  the 
combination  of  ammonium  bicarbonate,  (NHJHCOg  (analogous  to 
NaHCOg),  with  ammonium  carbamate.  This  carbamate  is  a  com- 
plex substance,  the  derivation  of  which  is  here  given  as  a  matter  of 
general  interest. 

Let  us  place  side  by  side  the  graphic  formulas  of  carbon  dioxide, 
carbonic  acid,  and  urea,  a  constituent  of  the  urine,  which  has  historic 
interest  as  the  first  organic  substance  that  was  made  synthetically: 

Carbon  dioxide.  Carbonic  acid.  Urea. 

CO,  H^COa  CO(NHJ, 


C=^       C3g       G 


=0 

-NH, 

-NH, 


Carbamic  Acid  is  half-way  between  carbonic  acid  and  urea,  its 
graphic  formula  being — 


G 


=0 

-OH 

-NH, 


or  HNHjCOj.     Therefore,  ammonium  carbamate  is  NH^NHjCOj. 

This  is  the  first  carbonate  we  have  discussed  that  deviates  from 
the  theoretic  formula,  such  as  can  be  developed  by  the  method  given 
on  p.  377.  We  find,  however,  that  there  are  several  other  official 
carbonates  that  are  irregular  as  to  formula,  and  among  them  may  be 
cited  the  carbonates  of  magnesium,  zinc,  and  bismuth. 

The  ofiicial  ammonium  carbonate  can  be  converted  into  the  true 
carbonate  by  dissolving  in  water  containing  ammonia. 

If  we  take  ammonium  bicarbonate NH4HCO3 

and  add  to  it  ammonia NHg 

we  get  neutral  ammonium  carbonate (NH4)2C03 

Likewise,  if  we  take  ammonium  carbamate. . .      NH4NH2CO2 
and  add  to  it  water Hj  O 

we  get  neutral  ammonium  carbonate NH4NH4CO3 

or(NH,)2C03. 

Official  ammonium  carbonate  can  also  be  considered  as  (NH3)3- 
(002)2,  H2O. 

Ammonium  carbonate  is  prepared  by  subliming  a  mixture  of 
crude  ammonium  sulphate  with  calcium  carbonate.  It  is  interesting 
to  note  that  attempts  to  prepare  same  by  aqueous  crystallization 
have  never  met  with  success,  hence  attempts  to  restore  effloresced 
ammonium  carbonate  by  crystallization  are  futile. 

Ammonium  carbonate  is  a  stimulant  of  particular  value  in  diseases 
affecting  the  pulmonary  mucous  membrane,  and  hence  it  is  used  in 
pneumonia. 

Dose. — 250  milligrammes  (4  grains). 


T 
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SPIRITUS  AMMONIA  AROMATICUS.    Aromatic  Spirit  of  Ammonia. 

Recipe. — Ammonium    Carbonate,    in    translucent    pieces, 

thirty-four  grammes 34  Gm. 

Ammonia  Water,  ninety  cubic  centimeters 90  Cc. 

Oil  of  Lemon,  ten  cubic  centimeters 10  Cc. 

Oil  of  Lavender  Flowers,  one  cubic  centimeter. ...  1  Cc. 

Oil  of  Myristica,  one  cubic  centimeter 1  Cc. 

Alcohol,  seven  hundred  cubic  centimeters 700  Cc. 

Distilled  Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters. .  1000  Cc. 

To  the  Ammonia  Water,  contained  in  a  flask,  add  one  hundred  and  forty  cubic 
centimeters  of  Distilled  Water,  and  afterward  the  Ammonium  Carbonate  reduced 
to  a  moderately  fine  powder.  Close  the  flask  and  agitate  the  contents  until  the 
Ammonium  Carbonate  is  dissolved  and  allow  it  to  stand  for  twelve  hours.  Intro- 
duce the  Alcohol  into  a  graduated  bottle  of  suitable  capacity,  add  first  the  Oils,  then 
gradually  the  solution  of  Ammonium  Carbonate,  and  afterward  enough  Distilled 
Water  to  make  the  product  measure  one  thousand  cubic  centimeters.  Set  the  liquid 
aside  during  twenty-four  hours  in  a  cool  place,  occasionally  agitating,  then  filter  it 
through  paper,  in  a  well-covered  funnel. 

Keep  the  product  in  glass-stoppered  bottles,  in  a  cool  place. 

A  nearly  colorless  liquid  when  freshly  prepared,  but  gradually  acquiring  a  some- 
what darker  tint. 

It  has  the  pungent  odor  and  taste  of  ammonia. 

Specific  gravity:  about  0.900  at  25°  C.  (77°  F.). 

Remarks. — This  is  prepared  by  dissolving  ammonium  carbonate 
in  ammonia  water  and  the  water;  by  dissolving  the  oils  of  lemon, 
lavender,  and  nutmeg  in  alcohol,  and  then  mixing  the  two  solutions. 

In  making  this  preparation  ammonia  water  is  added  to  the  official 
ammonium  carbonate,  and  this  means  adding  ammonia  to  the 
bicarbonate  and  water  to  the  carbonate;  in  other  words,  the  solution 
of  the  official  carbonate,  in  water  containing  ammonia,  converts  that 
mixed  salt  into  the  true  carbonate,  as  shown  above.  This  ammoniacal 
solution  of  the  true  carbonate  is  added  to  an  alcoholic  solution  of  the 
volatile  oils  of  lemon,  lavender  flowers,  and  nutmeg.  But  the  con- 
version of  the  bicarbonate  and  carbamate  of  the  official  salt  into  the 
true  carbonate  occurs  completely  only  when  the  official  salt  is  in 
''translucent  pieces, "  as  directed  by  the  pharmacopceia.  Translucent 
means  intermediate  between  transparent  and  opaque.  One  cannot 
see  through  a  translucent  substance  as  one  can  through  a  pane  of 
glass,  but  some  light  passes  through  the  substance.  Ground  glass 
or  thin  pieces  of  horn  are  good  examples  of  translucent  substance. 
Examination  of  ammonium  carbonate  will  show  that  it  is  hard  to 
keepSt  in  translucent  pieces,  the  lumps  become  covered  with  white 
powder,  which  is  wholly  ammonium  bicarbonate;  that  is,  the  car- 
bonate gradually  changes  into  the  bicarbonate  by  the  loss  of  ammonia 
and  the  absorption  of  moisture  from  the  air.  So  eventually  the  entire 
mass  of  a  sample  of  official  carbonate  will  be  converted  into  the 
bicarbonate,  falling  to   a  powder. 

What  happens  when  we  try  to  use  such  effloresced  carbonate — 
really  bicarbonate — in  the  aromatic  spirit?  The  ammonia  water 
directed  by  the  official  process  is  only  sufficient  to  convert  the  theoretic 
quantity  of  bicarbonate  contained  in  the  official  salt  into  normal 
carbonate,  while  the  balance  of  the  bicarbonate,  which  would  have 
been    carbonate    were    the    salt    in    translucent    pieces,    dissolves 
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unchanged.  So  far,  good!  but  the  evil  effects  come  when  we  begin 
to  add  the  aqueous  solution  to  the  alcoholic  solution.  The  carbonate 
is  soluble  in  alcohol,  the  bicarbonate  is  not,  and  if  the  aqueous  solution 
contains  any  bicarbonate,  the  latter  will  be  precipitated  so  soon  as 
its  solution  is  added  to  the  alcoholic  liquid. 

Aromatic  spirit  of  ammonia,  when  freshly  prepared,  is  colorless, 
but  on  standing  it  gradually  becomes  dark,  eventually  turning  to 
an  amber  tint.  This  darkening  has  been  ascribed  to  two  causes, 
first,  that  it  is  due  to  some  chemical  action  between  the  oils  which 
are  used  and  the  alkali,  and,  second,  as  a  result  of  the  reaction  between 
the  traces  of  tannin  found  in  the  alcohol  which  has  been  stored  in  barrels 
and  traces  of  iron  found  in  the  ammonia.  For  the  latter  reason  the 
pharmacopoeia  of  1880  directed  the  use,  for  this  preparation,  of  alcohol 
that  had  been  stored  in  glass  vessels.  Whatever  the  cause,  the  phar- 
macist should  prepare  his  customer  for  any  change  in  the  color  of 
the  two  samples  of  this  or  any  other  preparation  when  a  prescription 
for  the  same  is  repeated.  In  this  special  case  it  is  better  to  dispense 
an  aromatic  spirit  of  ammonia  which  has  aged  sufficiently  to  be 
somewhat  colored.  At  any  rate,  a  pharmacist  should  never  let  a 
customer  obtain  a  preparation  of  a  color  different  from  that  of  the 
first  sample  without  calling  the  customer's  attention  to  the  difference 
in  coloration  and  giving  the  reason  for  same. 

Dose. — 2  Cc.  (30  minims). 

AMMONII   CHLORIDUM.    Ammonium  Chloride. 

NH.Cl  =  53.11 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Ammonium  Chloride. 

A  wliite,  crystalhne  powder,  without  odor,  having  a  cooUng,  saline  taste,  and 
permanent  in  the  air. 

Soluble  in  2  parts  of  water,  in  50  parts  of  alcohol,  and  in  5  parts  of  glycerin 
at  25°  C.  (77°  F.),  and  in  1  part  of  boiling  water. 

On  ignition,  Ammonium  Chloride  is  completely  volatilized,  without  charring. 

The  aqueous  solution  of  the  salt  (1  in  20)  in  ice-cold  water  should  not  redden 
blue  litmus-paper  at  once;  it  affords,  with  silver  nitrate  T.S.,  a  white,  curdy  precipi- 
tate, which  is  soluble  in  ammonia  water. 

The  aqueous  solution,  when  gently  heated  with  potassium  hydroxide  T.S., 
evolves  ammonia. 

Tests  for  Identity. — Given  above. 

Impurities. — Heavy  metals,  sulphate,  barium,  calcium,  sulpho- 
cyanate,  excess  of  iron.  Details  in  Part  V.  Empyreumatic  and 
non-volatile  matter,  see  Ammonium  Carbonate. 

Assay. — Details  in  Part  V. 

Remarks. — This  salt  is  the  oldest  of  the  ammonium  compounds, 
and,  in  fact,  the  word  ammonia  was  derived  from  its  synonym, 
sal  ammoniac.  Legend  tells  us  sal  ammoniac  was  first  prepared  in 
the  Lybian  desert  near  the  temple  of  Jupiter  Ammon,  and  for  this 
reason  it  was  called  sal  ammoniac. 

Recent  investigators,  however,  claim  that  the  sal  ammoniac  of 
Herodotus  and  Pliny  was  nothing  but  common  salt,  and  that  the 
first  reference  to  ammonium  chloride  is  found  in  writings  of  Geber 
(eighth  century),  in  the  Latin  translations  of  which  book  it  is  called 
sal  armoniac. 
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Ammonium  chloride  is  made  by  subliming  ammonium  sulphate 
with  common  salt.  According  as  the  apparatus  is  arranged  to  collect 
the  vapors  in  a  dome  or  in  a  vessel  at  one  side  we  obtain  the  ammonium 
chloride  in  the  form  of  a  cake  or  in  a  fine  powder.  (See  Sublimation, 
p.  lOV.)  Since  sublimation  is  usually  carried  on  in  iron  vessels, 
commercial  ammonium  chloride  frequently  contains  traces  of  iron. 
These  can  be  removed  by  treating  the  solution  with  ammonia  water 
and  granulating  the  filtrate.  At  present  a  large  amount  of  ammonium 
chloride  is  made  by  subliming  a  crude  chloride,  obtained  by  passing 
illuminating-gas  through  hydrochloric  acid  instead  of  sulphuric  acid. 
Commercial  sal  ammoniac  is  in  the  form  of  white,  translucent,  tough 
cakes,  about  two  inches  thick,  convex  on  one  side  and  concave  on 
the  other,  being  formed  as  a  crust  in  the  dome  of  the  subliming 
apparatus.  The  official  ammonium  chloride  is  a  white,  crystalline 
powder,  permanent  in  the  air,  and  soluble  in  three  parts  of  water, 
but  almost  insoluble  in  alcohol.  This  crystalline  powder  is  obtained 
usually  by  granulation. 

The  ammonium  chloride,  as  just  mentioned  above,  is  quite  vola- 
tile, and^t'S  vapors  cause  red  litmus-paper  to  turn  blue,  and  blue 
^  litmiisjgaper_ to . Jiurri_j:£dll.  Such  substances  as  convert  both  colors 

•  of  litmus-paper  to  the  opposite  colors  are  termed  amphoteric.     In 

the  case  of  the  sal  ammoniac  this  phenomenon  has  been  used  as  the 
basis  of  the  claim  that  ammonium  compounds  are  not  definite  com- 
pounds, but  merely  combinations  of  ammonia  gas  with  the  corres- 
ponding acid. 

Ammonium   chloride  is   a  valuable  stimulant   and  expectorant, 

and  its  vapor  is  frequently  used  as  an  inhalant  in  bronchial  troubles, 

V  and  numberless  inhalers  have  been  devised  for  its  administration. 

In  most  cases  their  principle  of  action  is  the  suckinginto  the  nose  or 

\  throat  of  air  which  has  passed  through  hydrochloric  acid  and  ammonia, 

and  which  is  thus  charged  with  ammonium  chloride. 

Dose. — 500  milligrammes  (7^  grains). 

AMMONII   lODIDUM.     Ammonium  Iodide. 

NHJ  =  143.83 

It  should  contain  not  less  than  97  per  cent,  of  pure  Ammonium  Iodide  and  should 
be  kept  in  small  amber-colored,  well-stoppered  vials,  protected  from  light. 

When  deeply  colored,  the  salt  should  not  be  dispensed,  but  it  may  be  deprived 
of  free  iodine  by  adding  to  its  concentrated  aqueous  solution  sufficient  ammonium 
sulphide  T.S.  to  render  it  colorless,  then  filtering,  and  evaporating  on  a  water-bath 
to  dryness. 

Minute,  colorless,  cubical  crystals,  or  a  white,  granular  powder,  without  odor 
when  colorless,  but  emitting  a  slight  odor  of  iodine  when  colored,  and  having  a  sharp 
saline  taste.  The  salt  is  very  hygroscopic,  and  soon  becomes  yellow  or  yellowish- 
brown  on  exposure  to  the  air  and  light,  owing  to  the  loss  of  ammonia  and  the  libera- 
tion of  iodine. 

Soluble  in  0.6  part  of  water  and  in  9  parts  of  alcohol  at  25°  C.  (77°  F.);  in  0.43 
part  of  boiling  water  and  in  3.7  parts  of  boiling  alcohol. 

When  heated  on  platinum  foil.  Ammonium  Iodide  evolves  vapor  of  iodine,  and 
volatilizes  completely  without  fusing. 

Tests  for  Identity. — See  Ammonium  and  Iodides  in  Part  V. 

Impurities. — Barium,  excess  of  iron,  excess  of  free  iodine,  heavy 
metals,  not  more  than  3  per  cent,  of  bromide  or  chlorides.  Details 
in  Part  V. 
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Remarks. — This  official  is  made  by  treating  the  ammonium  sul- 
phate with  potassium  iodide,  as  shown  in  the  following  equation: 

(NHJ^SO,     +     2KI     =     K^SO,     +     2NHJ. 

The  resulting  potassium  sulphate  is  separated  from  the  ammonium 
iodide  by  precipitation  with  alcohol.  It  might  be  well  here  to  refer 
to  the  ingenuity  exercised  in  attempts  by  the  manufacturing  chemist 
to  remove  the  by-products  from  the  chemical  desired.  It  will  be 
noticed  that,  whenever  possible,  the  chemist  arranges  that  the  by- 
product be  an  insoluble  salt  when  the  product  desired  is  soluble. 
This,  for  instance,  is  shown  in  the  manufacture  of  the  solution  of 
soda  (p.  1115).  When  the  product  desired  is  insoluble,  then  the 
manufacturer  aims  to  make  the  by-product  a  soluble  body.  This 
is  shown  in  the  manufacture  of  calcium  carbonate  (p.  1121). 

In  one  case  the  soluble  body  is  freed  from  the  insoluble  body  by 
filtration;  in  the  other  case,  the  insoluble  substance  is  freed  from  the 
soluble  side-product  by  washing.  But  as  the  formation  of  an  insol- 
uble side-product  is  sometimes  difficult,  as  was  shown  in  the  case  of 
the  manufacture  of  hydrobromic  acid,  recourse  was  had,  in  the 
Fothergill  process,  to  the  sparing  solubility  of  potassium  bitartrate, 
and  into  this  salt  was  the  potassium  bromide  converted  by  use  of 
tartaric  acid.  In  hydrobromic  acid  we  have  a  product  which  can 
be  separated  from  the  side-product  by  distillation,  and  in  the  com- 
mercial process  distillation  is  employed,  but  in  the  case  of  the 
ammonium  iodide  none  of  the  schemes  of  separation  just  described 
is  applicable,  it  being  impracticable  to  form  an  insoluble  or  sub- 
limable  potassium  salt,  so  recourse  is  had  to  the  solubility  of  the 
ammonium  iodide  in  alcohol  and  the  comparative  insolubility  of 
potassium  sulphate  in  the  same  liquid.  Hence  the  aqueous  solution 
of  the  two  salts  is  concentrated,  alcohol  is  added,  and  the  mixture 
cooled,  and  after  the  potassium  sulphate  has  separated,  the  hydro- 
alcoholic  solution  of  ammonium  iodide  is  filtered  and  rapidly  granu- 
lated by  evaporation  on  a  water-bath. 

Ammonium  iodide  has  the  form  of  minute  cubic  crystals  or  white 
granular  powder,  very  rapidly  becoming  yellowish  or  yellowish  brown, 
due  to  the  loss  of  ammonium  and  the  separation  of  free  iodine.  So 
weak  is  the  combination  of  the  ammonium  and  the  iodine  that, 
during  the  process  of  evaporation,  the  iodine  becomes  liberated,  and 
it  is  necessary  to  add  ammonia  water  or,  better,  ammonium  sulphide, 
from  time  to  time. 

Ammonium  iodide  is  used  as  a  resolvent.  When  dispensed  for 
internal  use,  the  pharmacist  should  be  careful  to  see  that  the  product 
is  colorless,  and  if  brown,  to  bleach  with  ammonium  sulphide,  as 
directed  in  the  pharmacopceial  definition  given  above. 

Dose. — 250  milligrammes  (4  grains). 

AMMONII  NITRAS  (U.  S.  P.  1890). 

Ammonium  nitrate  was  first  made  by  Glauber  (1667)  by  treating  nitric  acid 
with  spirit  of  hartshorn. 

It  is  now  usually  made  by  treating  ammonium  carbonate  with  nitric  acid  and 
crystallizing  by  evaporation  of  the  solution.     It  occurs  in  colorless  crystals,  soluble 
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in  five  parts  of  water,  and,  like  all  ammonium  compounds,  easily  sublimed.  It  is 
interesting  to  note  that  when  exposed  to  a  current  of  dry  ammonia  gas  its  crystals 
absorb  the  gas  and  melt,  yielding  eventually  a  crystalline  mass  containing  25  per 
cent,  of  ammonia. 

Its  chief  use  is  in  the  formation  of  laughing-gas,  N2O,  which  is  yielded  by  heating 
the  salt  in  a  retort. 

It  is  interesting  to  note  that  if,  instead  of  the  nitrate,  ammonium  nitrite  is  heated, 
nitrogen  is  produced. 

Let  us  put  the  equations  side  by  side: 

NH.NOa     +     heat     =     2HjO     +     N^O, 
NH.NOa     +     heat     =     2H2O     +     N^. 

AMMONII   SALICYLAS.    Ammonium  Salicylate. 

NH^C^HsOg  =  153.94 

It  should  contain  not  less  than  98  per  cent,  of  pure  Ammonium  Salicylate  [CgH^- 
(0H)C00NH4]  and  should  be  kept  in  well-stoppered  bottles,  protected  from  heat 
and  light. 

Colorless,  lustrous,  monoclinic  prisms  or  plates,  or  a  white,  crystalline  powder; 
odorless,  and  having  at  first  a  slightly  saline,  bitter  taste,  with  a  sweetish  after- 
taste.    Permanent  in  dry  air. 

Soluble  in  0.9  part  of  water  and  2.3  pa,rts  of  alcohol  at  25°  C.  (77°  F.);  freely 
soluble  in  boiling  water  and  in  1  part  of  boiling  alcohol. 

When  heated  the  salt  fuses  with  decomposition,  giving  off  inflammable  vapors 
and  an  odor  of  phenol,  and  is  finally  completely  volatilized. 

The  concentrated  aqueous  solution  should  be  colorless,  it  should  redden  blue 
litmus-paper,  and  when  gently  heated  with  potassium  hydroxide  T.S.,  evolves  am- 
monia. 

Tests  for  Identity. — See  Ammonium  and  Salicylic  Acid  in  Part  V. 

Impurities. — Heavy  metals.     Details  in  Part  V. 

Remarks. — This  new  official,  made  by  neutralizing  ammonia 
water  with  salicylic  acid  and  either  crystallizing  or  granulating  the 
solution  by  evaporation  on  water-bath,  is  preferred  by  some  physicians 
to  sodium  salicylate. 

Dose. — 250  milligrammes  (4  grains). 

AMMONII   VALERAS.     Ammonium  Valerate. 

NHAHA=  118.24 
[Ammonii  Valerianas,  Pharm.  1890] 

It  should  contain  not  less  than  98  per  cent,  of  pure  Ammonium  Valerate  [C4H9.- 
COONHJ  and  should  be  kept  in  well-stoppered  bottles. 

Colorless  or  white,  quadrangular  plates,  emitting  the  odor  of  valeric  acid,  of 
a  sharp  and  sweetish  taste,  and  deliquescent  in  moist  air. 

Very  soluble  in  water  and  in  alcohol;  also  soluble  in  ether. 

When  heated  the  salt  fuses,  gives  off  vapor  of  ammonia  and  of  valeric  acid, 
and  is  finally  completely  volatilized. 

Tests  for  Identity. — See  Ammonium  and  Valerates  in  Part  V. 

Impurities. — Acetate,  heavy  metals.     Details  in  Part  V. 

Remarks. — This  preparation  is  made  by  passing  dry  ammonia  gas 
into  monohydrated  valerianic  (or  valeric)  acid.  In  the  manufacture 
of  this  product  it  is  very  important  to  secure  the  proper  valerianic 
acid.  As  noted  on  p.  688,  most  of  the  commercial  acid  is  that  con- 
taining three  molecules  of  water,  and  this  acid  will  not  yield  a  satis- 
factory ammonium  salt. 
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Ammonium  valerate  occurs  in  snow-white,  four-sided,  tabular 
crystals,  having  the  characteristic  odor  of  valeric  acid,  and  a  sharp, 
sweetish  taste.     It  is  used  as  a  sedative  in  hysteria. 

Dose. — 500  milligrammes  (7^  grains). 

Ammoniiun  Sulphate,  (NH4)2S04. — Ammonium  sulphate  was  recognized  in  the 
pharmacopoeia  of  1880,  and  deserves  merely  passing  notice.  As  already  mentioned, 
it  is  made  in  large  quantity  from  ammoniacal  liquor  of  gas-works,  and  is  the  com- 
mercial source  of  ammonia  compounds,  It  can  be  made  by  combining  ammonia 
water  with  sulphuric  acid,  as  explained  on  p.  484. 

Ammonium  phosphate,  (NH4)2HP04,  was  another  official  salt  of  the  pharma- 
copoeia of  1880.  It  is  made  by  treating  phosphoric  acid  with  ammonia  water.  A 
modification  of  this,  the  double  salt  of  ammonium  and  sodium  phosphate,  NH4Na- 
HPO4,  is  used  in  chemical  work  under  the  name  microcosmic  salt  or  " Phosphor salz." 
This  salt,  when  melted  on  the  loop  of  platinum,  forms  a  transparent  bead,  similar 
to  the  borax  bead,  and  when  various  metallic  salts  are  melted  therein,  it  assumes 
characteristic  colors. 

Another  unofficial  ammonium  compound  largely  used  in  chemical  work  is  the 
so-called  ammonium  sulphide.  This  is  more  properly  called  ammonium  sulphydrate, 
as  the  reagent  used  in  precipitation  in  chemical  work  usually  has  the  composition 
NH4HS.  However,  the  composition  of  this  reagent  varies,  some  samples  containing 
a  large  excess  of  sulphur,  and  containing  such  bodies  as  (NHJjS*,  (NH4)2S5,  and 

This  test  solution  is  made  by  saturating  ammonia  water  with  hydrogen  sulphide 
gas. 


CHAPTER  XXVIII 

THE  ALKALINE  EARTH  METALS 

The  four  elements,  magnesium,  calcium,  strontium,  and  barium, 
are  called  alkaline  earth  metals  because  their  oxides,  MgO,  CaO, 
SrO,  and  BaO,  were  called  alkaline  earths  by  early  investigators — 
alkaline,  because  they  turned  red  litmus  blue,  as  do  the  alkalis,  and 
earths,  because  differing  from  the  alkalis  in  being  found  abundantly 
on  the  crust  of  the  earth. 

In  passing  from  the  alkalis — lithium,  sodium,  potassium,  and 
ammonium — to  the  alkaline  earths — magnesium,  calcium,  strontium, 
and  barium — we  not  only  pass  into  a  new  analytic  group  of  metals, 
but  also  a  group  the  valence  of  which  is  different. 

The  alkalis  exhibit  the  valence  i;  that  is,  one  atom  of  an  alkali 
metal  replaces  one  atom  hydrogen  in  an  acid,  or  in  combining  directly 
with  a  negative  element,  takes  up  but  one  atom  of  that  element's  free 
bonds.  The  alkaline  earths  are  bivalent — can  replace  two  atoms 
of  hydrogen  in  an  acid.  Thus,  studying  the  formula  of  magnesium 
acetate,  since  one  molecule  of  acetic  acid,  HC2H3O2,  contains  only 
one  atom  of  replaceable  hydrogen,  two  molecules  of  the  acid  will  be 
required  to  furnish  the  two  atoms  of  hydrogen  demanded  by  one 
atom  of  magnesium,  and  the  union  will  be  as  follows: 

Mg     +     igflS    S'^oMg<§HA    or  Mg  (C,H30,),. 
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Again,  bromine,  having  the  valence  i,  and  calcium,  the  valence  ii, 
unite  as  follows: 


Ca 


Ti      or  CaBrj 


While  sulphuric  acid,  H2SO4,  with  two  replaceable  hydrogen  atoms, 
combines  with  barium  like  this: 

Sfil  *  -'■•  SOa 

(H^SOJ  (BaSOJ 

MAGNESIUM 
Symbol,  Mg.     Atomic  weight,  approximately  24. 

In  the  beginning  of  the  eighteenth  century  a  secret  remedy  was 
introduced  under  the  name  of  "magnesia  alba,"  thus  differentiating 
it  from  the  already  popular  magnesia  nigra,  which  is  now  known  as 
the  ore  pyrolusite  (manganese  dioxide)  (p.  527).  A  recipe  for  this 
magnesia  alba  was  published  by  Valentinus,  of  Giessen,  in  1707,  who 
obtained  it  by  evaporation  of  the  mother  liquor  from  saltpeter,  and 
lixiviation  of  the  calcined  residue. 

Before  this,  magnesium  sulphate  was  described  by  Nehemiah 
Grow,  having  been  obtained  by  him  by  evaporation  of  the  water  of 
the  Epsom  spring. 

Neither  of  these  writers  touched  upon  the  composition  of  the 
two  compounds,  magnesium  oxide  and  magnesium  sulphate,  and  the 
chemical  history  of  magnesium  really  begins  with  the  investigation 
of  Black  (1755),  who  proved  that  magnesium  carbonate  was  different 
from  calcium  carbonate  or  limestone.  The  metal  was  first  isolated 
by  Sir  Humphry  Davy  in  1808,  during  his  classic  researches  in 
electrolysis.  In  1856  St.  Clair  Deville  devised  the  chemical  method 
for  the  isolation  given  below. 

The  chief  ores  of  magnesium  are  the  magnesite,  just  mentioned, 
which  is  magnesium  carbonate;  dolomite,  a  mixed  carbonate  of  magne- 
sium and  calcium;  carnallite,  a  mixture  of  potassium  and  magnesium 
chloride.  (See  p.  431.)  Aside  from  these  ores,  from  which  the 
magnesium  compounds  used  in  pharmacy  are  generally  derived, 
there  are  several  magnesium  minerals  which  are  of  interest  other 
than  pharmaceutic.  This  serpentine,  a  green  stone,  much  used  in 
building,  is  magnesium  silicate,  as  is  also  talcum  (French  chalk),  and 
meerschaum,  well  known  as  the  substance  of  which  the  best  pipes  are 
made;  asbestos  is  a  mixed  silicate  of  magnesium  and  calcium. 

Tne  chemical  method  of  isolation  of  magnesium  mentioned  above 
is  by  heating  magnesium  chloride  with  metallic  sodium,  sodium  chlor- 
ide and  calcium  fluoride  being  added  to  the  reacting  mixture  as  a 
flux — that  is,  as  an  agent  to  remove  contaminations  in  the  form  of 
a  fusible  mass.  It  is  now  made  by  the  electrolysis  of  molten  magne- 
sium chloride  in  an  atmosphere  of  hydrogen  or  nitrogen. 

Magnesium  is  a  light,  silvery-gray  metal,  with  the  specific  gravity 
of  1.75,  and  usually  enters  commerce  in  the  form  of  rods  or  of  thin 
ribbon.     While  affected  by  the  air,  it  does  not  react  with  the  same  as 
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violently  as  do  the  alkaline  metals.  Hence  it  is  unnecessary  to  keep 
it  under  petroleum,  as  was  the  case  with  sodium  and  potassium. 
When  magnesium  is  brought  into  contact  with  a  flame,  it  burns  with 
a  brilliant  white  light,  with  the  formation  of  magnesium  oxide.  This 
property  is  made  use  of  in  the  magnesium  lantern  for  theatrical 
purposes,  in  which  case  the  magnesium,  in  the  form  of  ribbons,  is 
allowed  to  burn  at  the  point  of  contact  of  an  oxyhydrogen  flame. 
Flash-light  consists  of  magnesium  in  finely  powdered  form,  mixed 
with  powdered  potassium  chlorate.  This  mixture,  when  blown  into 
a  flame,  ignites  instantaneously,  producing  a  brilliant  illumination, 
and  is,  therefore,  largely  used  for  photographic  purposes.  It  should 
be  borne  in  mind  that  flash-light  is  a  substance  by  no  means  free 
from  danger,  and,  in  fact,  should  be  handled  with  considerable 
caution.  Several  fatal  accidents,  due  to  the  careless  handling  of 
flash-light,  are  on  record,  one  of  the  most  notable  being  the  killing 
of  three  men  in  the  laboratory  of  Wiley  and  Harris,  in  Philadelphia. 
Among  the  tests  for  magnesium  are:  flocculent  precipitate  of 
magnesium  hydroxide,  produced  when  potassium  hydroxide  is  added 
to  a  solution  of  a  magnesium  salt,  and  the  white  precipitate  of  magne- 
sium carbonate,  produced  when  the  soluble  carbonate  is  added  to  the 
solution  of  magnesium  salt.  The  most  characteristic  test,  however, 
is  the  granular  precipitate  of  magnesium  ammonium  phosphate, 
produced  when  a  solution  of  sodium  phosphate  and  ammonia  water 
is  added  to  a  solution  of  magnesium  salt.  In  the  manufacture  of  the 
salts  of  magnesium  the  carbonate  is  usually  employed  as  a  magnesium 
compound.  The  following  compounds  of  magnesium  and  their 
preparations  are  official: 

Magnesium  oxide,  96  per  cent,  absolute  MgO. 

Heavy  magnesium  oxide,  96  per  cent,  absolute  MgO. 

Magnesium  carbonate,  approximately  (MgC03)4Mg(OH)2  +  SHjO,  should  contain 

not  less  than  38.4  per  cent.  MgO. 
Solution  of  magnesium  citrate.     A  pharmaceutical. 
Magnesium  sulphate,  99.7  per  cent,  absolute  MgS047H20. 

Effervescent  magnesium  siilphate.     Containing  50  per  cent,  crystalline  MgSO^. 
Talc.     Purified  talc.     Hydrous  magnesium  silicate  prepared  from  above. 
To  which  might  be  added: 

Ferric  hydroxide  with  magnesium  oxide,  discussed  among  the  iron  compounds. 

MAGNESII   OXIDUM.     Magnesium  Oxide. 

MgO  =  40.06 
[Magnesia,  Pharm.  1890] 

It  should  contain,  after  ignition,  not  less  than  96  per  cent,  of  pure  Magnesium 
Oxide.     It  should  be  kept  in  well-closed  vessels. 

A  white,  very  bulky,  and  very  fine  powder,  without  odor,  and  having  an  earthy, 
but  not  a  saline  taste.  On  exposure  to  the  air,  it  slowly  absorbs  moisture  and  carbon 
dioxide. 

Almost  insoluble  in  water  and  insoluble  in  alcohol,  but  soluble  in  dilute  acids. 

When  moistened  with  water  it  has  a  faintly  alkaline  reaction  upon  red  litmus- 
paper. 

On  stirring  1  part  of  Magnesium  Oxide  with  15  parts  of  water,  in  a  beaker,  and 
allowing  the  mixture  to  stand  for  about  half  an  hour,  it  will  form  a  gelatinous  mass 
of  sufficient  consistence  to  prevent  it  from  dropping  out  when  the  beaker  is  inverted. 

A  solution  of  Magnesium  Oxide  in  diluted  sulphuric  acid,  mixed  with  ammo- 
nium chloride  T.S.  and  an  excess  of  ammonia  water,  yields,  with  sodium  phosphate 
T.S.,  a  white,  crystalline  precipitate. 

32 
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If  a  mixture  of  1  Gm.  of  Magnesium  Oxide  with  50  Cc.  of  water  be  heated  to 
boiling,  and  after  cooling,  filtered,  the  filtrate  should  not  show  more  than  a  faintly 
alkaline  reaction  with  red  litmus-paper,  and  when  evaporated  to  dryness  should  not 
leave  more  than  0.005  Gm.  of  residue  (limit  of  foreign  soluble  salts). 

If  Magnesium  Oxide  be  exposed  to  a  low  red  heat  in  a  porcelain  crucible,  it  should 
not  lose  more  than  15  per  cent,  of  its  weight  (limit  of  water  of  hydration). 

Tests  for  Identity. — Given  above. 

Impurities. — Foreign  soluble  salts  and  excess  of  water  of  hydration 
given  above.  Excess  of  carbonate,  excess  of  calcium,  excess  of  iron, 
heavy  metals.     Details  in  Part  V. 

Assay. — ^Details  in  Part  V. 

MAGNESII  OXIDUM  PONDEROSUM.     Heavy  Magnesium  Oxide. 

MgO  =  40.06 
[Magnesia  Ponderosa,  Pharm.  1890] 

A  white,  dense,  and  very  fine  powder,  which  should  conform  to  the  reactions 
and  tests  given  under  Magnesii  Oxidum. 

It  differs,  however,  from  the  latter  in  not  readily  uniting  with  water  to  form 
a  gelatinous  hydroxide. 

Remarks. — These  two  magnesias  are  prepared  by  the  calcination 
of  light  and  heavy  magnesium  carbonates  respectively,  and  the 
carbonate  can  be  made  light  or  heavy  as  precipitated  from  cold  dilute 
solutions  or  from  hot  concentrated  solutions,  as  already  explained 
in  discussion  of  the  formation  of  light  and  heavy  precipitates  (p.  142). 
Bear  in  mind  that  magnesia  is  not  magnesium.  Magnesium  is  the 
metal — the  element;  magnesia  is  the  oxide  of  the  metal,  MgO,  not  the 
hydroxide,  as  was  the  case  with  soda  and  potassa. 

The  medicinal  use  of  light  and  heavy  magnesia  is  identical,  both 
being  laxative  and  antacid,  the  advantage  of  the  heavy  magnesia  over 
the  light  magnesia  depending  entirely  upon  its  greater  density,  the 
average  heavy  magnesia  occupying  only  about  one-quarter  the  bulk 
of  the  light  magnesia.  This  should  be  remembered  in  considering 
the  dosage  of  the  two  preparations,  they  being  generally  employed 
in  domestic  practice,  and  then  given  by  measure  rather  than  by 
weight.  A  dessertspoonful  of  light  magnesia  is  generally  given  as 
the  dose,  while  of  the  heavy  magnesia,  a  half-teaspoonful  to  a  teaspoon- 
ful  is  usually  sufficient.  In  each  case  the  customer  should  be  directed 
to  administer  the  substance  in  a  moist  condition.  Thus,  in  giving 
the  heavy  magnesia,  place  from  one  to  two  teaspoonfuls  of  water 
in  a  tablespoon,  and  add  thereto  the  teaspoonful  of  magnesia.  The 
process  should  never  be  reversed,  as  the  adding  of  water  to  the  mag- 
nesia gives  rise  to  hard  lumps,  whereas  by  the  method  just  given  a 
smooth  mixture  is  obtained. 

Under  no  circumstance  should  the  pharmacist  advise  placing  dry 
magnesia  in  the  mouth,  as  the  chemical  will  then  adhere  to  the  tongue 
and  roof  of  the  mouth,  producing  so  disagreeable  an  impression  that 
the  victim  will  always  remember  the  person  giving  such  advice. 

The  addition  of  water  to  magnesia  produces  magnesium  hydroxide 
by  the  following  reaction: 

MgO     +     H2O     =     MgO^H^  or  Mg(0H)2. 
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Various  combinations  of  magnesium  hydroxide  with  water  have 
been  put  on  the  market  under  the  name  of  milk  of  magnesia.  This 
is  generally  produced  by  the  precipitation  of  a  soluble  magnesium 
salt  with  sodium  hydroxide,  and  is  scarcely  more  valuable  than  the 
hydroxide  produced  by  treating  the  heavy  magnesia  with  water. 

Dose  of  both  oxides  of  magnesium,  as  given  by  the  pharmacopoeia, 
is  2  Gm.  (30  grains). 

MAGNESII   CARBONAS.     Magnesium  Carbonate. 
Approximately  (MgC03)4.Mg(OH)a  +  SH^O  =  482.26. 

Magnesium  Carbonate  [(C0.02Mg)<.Mg(OH)2  +  5H20]  should  yield,  upon  igni- 
tion, not  less  than  40  per  cent,  of  residue,  of  which  not  less  than  96  per  cent,  should 
consist  of  pure  magnesium  oxide. 

Light,  white,  friable  masses,  or  a  bulky,  white  powder,  without  odor,  and  having 
a  slightly  earthy  taste;  permanent  in  the  air. 

Practically  insoluble  in  water,  to  which,  however,  it  imparts  a  slightly  alkaline 
reaction;  insoluble  in  alcohol,  but  soluble  in  dilute  acids  with  effervescence. 

When  strongly  heated,  the  salt  loses  water  and  carbon  dioxide,  and  is  converted 
into  magnesium  oxide. 

If  a  mixture  of  1  Gm.  of  Magnesium  Carbonate  with  50  Cc.  of  water  be  heated 
to  boiling,  and  after  cooling,  filtered,  the  filtrate,  if  evaporated  to  dryness  upon  a 
water-bath,  should  leave  not  more  than  0.001  Gm.  of  residue  (limit  of  foreign  soluble 
salts). 

Tests  for  Identity. — See  Magnesium  and  Carbonates  in  Part  V. 

Impurities. — Foreign  soluble  salts  (see  above).  Excess  of  calcium, 
excess  of  iron,  heavy  metals.     Details  in  Part  V. 

Assaij. — Details  in  Part  V. 

Remarks. — It  will  be  noticed  that  this  chemical  is  one  of  the  four 
official  carbonates  not  possessing  the  formula  of  the  true  carbonate. 
(See  p.  489.)  In  all  these  cases  the  deviation  from  the  theoretic  is 
not  intentional,  but  is  due  simply  to  the  fact  that  the  true  carbonates 
are  unstable,  and  the  formula  given  represents,  as  nearly  as  possible, 
the  composition  of  the  purest  form  which  this  chemical  ordinarily 
assumes. 

Magnesium  carbonate  is  made  by  the  double  decomposition  of 
magnesium  sulphate  with  sodium  carbonate. 

According  to  conditions,  of  chemical  actions, — temperature  and 
concentration  of  reacting  solutions,  treatment  after  formation,  etc., — 
the  finished  product  can  have  most  varying  composition. 

Thus,  under  differing  conditions,  from  solutions  of  magnesium 
sulphate  and  sodium  carbonate  can  be  obtained  MgCOgSH^O;  MgCOg- 
2H,0;  (MgC03)2Mg(OH)32H30;  (MgC03)3Mg(OH),5H20;  and  (MgCOg),- 
Mg(0H)2,  combined  with  five  to  eleven  molecules  of  water  respec- 
tively. 

The  usual  commercial  carbonate  has  the  composition  (MgC03)4- 
Mg(OH)25H20,  and  this  formula  is  assigned  to  it  by  the  United  States 
Pharmacopoeia. 

In  other  words,  official  magnesium  carbonate  is  a  combination  of 
four  molecules  of  true  magnesium  carbonate  with  one  molecule  of 
magnesium  hydroxide  and  five  molecules  of  water. 

As  mentioned  above,  according  as  the  precipitation  takes  place 
in  a  cold  diluted  solution  or  in  hot  concentrated  solutions,  do  we 
obtain  light  precipitated  carbonate  or  heavy  precipitated  carbonate. 
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As  far  as  the  carbonate  itself  is  concerned,  this  is  of  little  importance, 
but  when  we  consider  that  the  two  official  forms  of  magnesia  are 
derived  from  the  light  and  heavy  carbonates  respectively,  then  the 
question  forces  itself  upon  our  notice. 

The  official  magnesium  carbonate  is  a  light  form,  the  heavy 
carbonate  being  of  interest  merely  in  the  formation  of  heavy  magnesia, 
and  for  this  purpose  manufacturers  resort  to  extraordinary  pains 
to  manufacture  a  dense  magnesium  carbonate. 

Magnesium  carbonate  is  a  valuable  antacid  and  a  laxative. 

Dose. — 3  Gm.  (45  grains). 

LIQUOR   MAGNESII  CITRATIS.     Solution  of  Magnesium  Citrate. 

Recipe. — Magnesium  Carbonate,  -fifteen  grammes 15.0  Gm. 

Citric  Acid,  thirty-three  grammes 33.0  Gm. 

Syrup  of  Citric  Acid,  sixty  cubic  centimeters 60.0  Cc. 

Potassitun  Bicarbonate,  two  and  one-half  grammes    2.5  Gm. 
Water,  a  sufficient  quantity. 

Dissolve  the  Citric  Acid  in  one  hundred  and  twenty  cubic  centimeters  of  Water,  and, 
having  added  the  Magnesium  Carbonate,  stir  until  it  is  dissolved.  Filter  the  solution 
into  a  strong  bottle  of  the  capacity  of  about  three  hundred  and  sixty  cubic  centimeters, 
containing  the  Syrup  of  the  Citric  Acid.  Then  add  enough  Water  to  nearly  fill  the 
bottle,  drop  in  the  Potassium  Bicarbonate,  and  immediately  stopper  the  bottle 
securely.  Lastly,  shake  the  mixture  occasionally,  until  the  Potassium  Bicarbonate 
is  dissolved.     This  Solution  should  be  freshly  prepared  when  wanted. 

RemarJcs. — This  official  solution  is  made  by  treating  the  carbonate 
with  citric  acid,  sweetening  and  flavoring  this  with  syrup  of  citric 
acid,  and  bottling  with  an  excess  of  carbon  dioxide  formed  by  addition 
of  potassium  bicarbonate.  The  finished  product,  dispensed  in  stout 
bottles  securely  wired,  is  popular  under  the  name  of  purgative  lemonade. 

This  recipe  has  been  criticized  because  the  product  does  not 
keep.  On  standing  a  few  weeks  there  forms  within  the  tightly 
corked  bottle  stringy  masses,  which  not  only  spoil  the  appearance, 
but  also  destroy  the  pleasant  taste.  These  masses  are  none  other 
than  microscopic  plants,  produced  by  spores  introduced  into  the 
bottle  before  filling,  and  thriving  in  the  weak  saccharine  solution. 
The  formation  of  these  plants  can  be  completely  prevented  by  the 
simple  precaution  of  sterilization.  If  care  is  taken  to  scald  the 
bottles  before  putting  in  the  solution,  immersing  corks  in  boiled 
water  before  being  used,  and  using  only  freshly  boiled  water  in  pre- 
paring the  solution  and  filtering  through  white  paper,  not  the  common 
gray,  a  product  is  obtained  which,  in  the  writer's  experience,  has 
kept  perfectly  for  several  months. 

Occasionally,  even  with  these  precautions,  a  precipitation  occurs 
in  the  bottled  solution.  In  such  cases,  however,  the  precipitate  is 
dense  rather  that  stringy,  and  is  due  to  use  of  an  impure  magnesium 
carbonate. 

Dose.— 360  Cc.  (12  fluidounces). 

Effervescent  magnesium  citrate  (U.  S.  P.  1890)  is  prepared  by  treating  magnesium 
carbonate  with  citric  acid,  with  sufficient  water  to  produce  the  chemical  action.  The 
resulting  pasty  mass  is  then  dried,  preferably  on  a  radiator,  and  then  reduced  to  a 
powder  and  mixed  with  sodium  bicarbonate,  more  citric  acid,  and  sugar.  This  mix- 
ture is  then  moistened  with  strong  alcohol,  and  granulated  by  passing  through  a 
coarse  sieve,  as  described  on  p.  149.     The  official  product  must  be  put  in  warm,  com- 
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pletely  dried  bottles,  which  should  be  sufficiently  tightly  sealed  to  prevent  access 
of  air. 

The  effervescent  citrate  is  a  very  agreeable  preparation,  for  when  it  is  added 
to  water,  a  refreshing  effervescent  draught  is  readily  obtained.  It  is  usually  admin- 
istered in  tablespoonful  doses. 

MAGNESII   SULPHAS.     Magnesium  Sulphate. 

MgSO,  +  7H3O  =  244.69 

It  should  contain  not  less  than  99.7  per  cent,  of  pure  Magnesium  Sulphate 
[SOj.OjMg  +  THjO]  and  should  be  kept  in  well-closed  vessels. 

Small,  colorless,  prismatic  needles  or  rhombic  prisms,  without  odor,  and  having 
a  cooling,  saline,  and  bitter  taste;  slowly  efflorescent  in  the  air. 

Soluble  in  0.85  part  of  water  at  25°  C.  (77°  F.)  and  in  0.13  part  of  boihng  water; 
insoluble  in  alcohol. 

When  heated  to  52°  C.  (125.6°  F.)  or  exposed  to  warm  air,  the  salt  loses  one 
molecule  of  water,  and  is  converted  into  a  white  powder.  At  about  130°  C.  (266°  F.) 
it  still  retains  1  molecule  of  water,  and  at  a  temperature  between  200°  and  238°  C 
(392°  and  460.4°  F.)  it  is  rendered  anhydrous. 

An  aqueous  solution  of  Magnesium  Sulphate  is  neutral  to  litmus-paper. 

Tests  for  Identity. — See  Magnesium  and  Sulphates  in  Part  V. 

Impurities. — Heavy  metals  and  arsenic.     Details  in  Part  V. 

In  magnesium  sulphate — the  well-known  Epsom  salt — we  have 
the  sulphate  of  a  metal  with  the  valence  11. 

Taking  sulphuric  acid,  HjSO^,  as  the  type,  we  find  that,  in  each  of 
the  sulphates  hitherto  considered,  the  two  hydrogen  atoms  in  the 
acid  were  replaced  by  two  atoms  of  the  metal,  since  the  four  alkaline 
metals  are  univalent.  On  the  other  hand,  the  four  alkaline  earth 
metals,  which  we  are  now  studying,  have  the  valence  11;  that  is,  one 
atom  of  these  metals  can  replace  two  atoms  of  hydrogen  in  an  acid. 
The  difference  in  these  two  groups  of  metals  is  best  shown  in  a  com- 
parison of  their  sulphates,  as  here  given. 

Sulphates  of  the  alkali  metals: 

KjSO,  Na^SO,  Li^SO,  (NHJ^SO, 

Potassium  sulphate.         Sodium  sulphate.         Lithium  sulphate.  Ammonium  sulphate. 

Sulphates  of  alkaline  earth  metals: 

MgSO,  CaSO,  SrSO,  BaSO, 

Magnesium  sulphate.  Calcium  sulphate.         Strontium  sulphate.  Barium  sulphate. 

As  above  mentioned,  magnesium  sulphate  contains  seven  molecules  of  water  of 
crystallization.  Of  these,  six  molecules  are  lost  by  heating  the  crystals  to  100°  C, 
while  the  seventh  molecule  requires  a  heat  of  at  least  200°  C.  to  dry  it  off.  This 
leads  physicists  to  consider  the  linkage  between  the  seventh  molecule  of  water  and 
the  rest  of  the  compound  as  stronger  than  is  the  case  with  the  other  six,  and  it  has 
given  rise  to  a  physical  distinction  in  water  of  crystallization,  the  comparatively 
easily  removed  water  being  called  water  of  crystallization,  while  the  molecule  of 
water  tenaciously  holding  to  the  molecule  being  called  water  of  constitution.  This 
topic  has  already  been  touched  upon  on  p.  147. 

Magnesium  sulphate  is  made  on  an  enormous  scale  commercially 
from  the  native  magnesium  minerals,  dolomite  or  magnesite  being 
generally  employed.  In  the  case  of  the  first,  the  dolomite  is  calcined, 
whereby  we  obtain  a  mixture  of  the  oxides  of  calcium,  magnesium, 
and  iron.  The  calcined  mass  is  then  treated  with  hydrochloric  acid, 
producing  the  chlorides  of  the  three  metals.     The  filtered  solution  is 
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then  evaporated,  and  during  this  process  the  magnesium  chloride 
dissociates,  as  shown  in  the  following  equation: 

MgCl^     +    0         =     MgO     +    CI3 
orMgClj     +     H2O     =     MgO     +     2HC1. 

Hence  the  evaporated  mass  is  a  mixture  of  the  chlorides  of  calcium 
and  of  iron,  while  the  magnesium  has  been  converted  into  sparingly 
soluble  magnesium  oxide.  The  two  chlorides  just  mentioned  are 
readily  removed  from  the  magnesium  by  treatment  with  water,  and 
the  magnesia  residue  thus  freed  from  the  iron  and  calcium  is  then 
treated  with  sulphuric  acid,  and  the  resulting  sulphate  purified  by 
crystallization.  In  view  of  the  peculiarity  just  mentioned  regarding 
the  instability  of  magnesium  chloride,  it  might  be  here  stated  that 
the  one  way  of  obtaining  a  dry  magnesium  chloride  is  by  the  evapora- 
tion of  a  mixed  solution  of  magnesium  chloride  and  ammonium 
chloride. 

Magnesium  sulphate  is  a  valuable  saline  cathartic  and  is  a  con- 
stituent of  many  of  the  most  popular  purgative  waters.  The  chief 
objection  to  its  use  is  the  disagreeably  bitter  taste  which  the  salt  pos- 
sesses, and  it  might  here  be  stated  that  this  disagreeable  taste  can  be 
much  lessened  by  administering  the  solution  in  an  ice-cold  condition. 

Dose.— 16  Gm.  (240  grains). 

MAGNESII    SULPHAS    EFFERVESCENS.    Effervescent  Magnesium 

Sulphate. 

Recipe. — Magnesium  Sulphate,  uneffloresced  crystals,  five 

hundred  grammes 500  Gm. 

Sodiiun  Bicarbonate,  dried  and  powdered,  four 

hundred  and  three  grammes 403  Gm. 

Tartaric  Acid,  dried  and  powdered,  two  hundred 

and  eleven  grammes 211  Gm. 

Citric  Acid,  uneffloresced  crystals,  orw  hundred  and 

thirty-six  grammes 136  Gm. 

To  make  about  one  thousand  grammes . .   1000  Gm. 

Dry  the  Magnesium  Sulphate  on  a  water-bath  until  it  ceases  to  lose  weight,  then, 
after  powdering  the  dry  salt,  mix  it  intimately  with  the  Citric  Acid,  which  has 
previously  been  powdered,  and  the  Tartaric  Acid,  and  thoroughly  incorporate  the 
Sodium  Bicarbonate.  Place  the  mixed  powders  on  a  plate  of  glass  or  in  a  suitable 
dish,  in  an  oven  heated  to  between  93°  and  104°  C.  (199.4°  and  219.2°  F.). 

When  the  mixture  has  acquired  a  moist  consistence  by  the  aid  of  careful  manipu- 
lation with  a  wooden  spatula,  rub  it  through  a  No.  6  tinned-iron  sieve,  and  dry  the 
granides  at  a  temperature  not  exceeding  54°  C.  (129.2°  F.).  Keep  the  product  in 
well-stoppered  bottles. 

Remarks. — This  new  official,  containing  50  per  cent,  of  the  crys- 
talline salt,  replaces  the  granular  effervescent  magnesium  citrate  of 
the  old  pharmacopoeia.  Whether  the  change  is  an  improvement  is 
questionable. 

Dose.— 16  Gm.  (240  grains). 

TALCUM.     Talc. 

A  native  hydrous  magnesium  silicate. 

A  white  or  grayish-white  powder  or  grayish-green  irregular  masses  of  waxy 
lustre;  when  rubbed  upon  the  skin  it  imparts  a  feeling  like  greasiness;  permanent 
in  the  air.     Inodorous  and  tasteless. 
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Insoluble  in  water  and  in  dilute  solutions  of  the  acids  and  alkali  hydroxides. 

Specific  gravity:  2.2  to  2.8. 

Mix  0.5  Gm.  of  Talc  with  about  2  Gm.  each  of  anhydrous  sodium  and  potas- 
sium carbonates,  heat  the  mixture  in  a  platinum  crucible  until  fusion  is  complete, 
and  treat  the  resulting  fused  mass  with  hot  water;  then  neutralize  the  liquid  with 
diluted  sulphuric  acid,  and,  after  adding  an  additional  10  Cc.  of  the  latter,  evaporate 
the  mixture  until  the  white  fumes  of  sulphuric  anhydride  are  evolved,  then  add  20 
Cc.  of  water,  and,  after  boiling  the  mixture  and  filtering,  an  insoluble  residue  of 
silica  should  be  left.  If  to  the  filtrate  ammonia  water  and  ammonium  chloride 
T.S.  be  added,  a  white,  gelatinous  precipitate  of  aluminum  hydroxide  may  be  formed, 
while  the  filtrate  from  this,  upon  the  addition  of  sodium  phosphate  T.S.,  should 
yield  a  white,  crystalline  precipitate  {magnesium  salts). 

If  1  Gm.  of  Talc  be  boiled  with  25  Cc.  of  diluted  hydrochloric  acid  for  one-half 
hour,  adding  water  from  time  to  time  to  maintain  approximately  the  original  vol- 
ume, and  the  liquid  filtered,  then  the  filtrate  should  yield,  upon  evaporating  to  dry- 
ness, igniting,  and  quickly  weighing,  not  more  than  0.05  Gm.  of  residue. 

Tests  for  Identity. — Given  above. 

Remarks. — This  new  official,  commonly  called  soapstone,  or 
French  chalk,  was  introduced  because,  when  purified,  it  is  an  admirable 
filtering  medium. 

TALCUM   PURIFICATUM.     Purified  Talc. 

Recipe. — Talc,  in  fine  powder,  five  hundred  grammes 500  Gm. 

Hydrochloric  Acid,  seventy- five  cubic  centimeters. .  .     7S  Cc. 
Water,  a  sufficient  quantity. 

Mix  the  powdered  Talc  with  about  twenty-five  hundred  cubic  centimeters  of  boiling 
Water,  gradually  add  fifty  cubic  centimeters  of  the  Hydrochloric  Acid,  and  boil  the 
mixture  during  fifteen  minutes,  then  allow  it  to  stand  for  fifteen  minutes.  Decant, 
and  reject  the  supernatant  liquid  containing  the  finer  particles  of  Talc  in  suspension, 
and  again  boil  the  residue  with  twenty-five  hundred  cubic  centimeters  of  Water,  mixed 
with  the  remainder  of  the  Hydrochloric  Acid,  and  allow  it  to  stand  for  fifteen  minutes. 
Again  decant,  and  reject  the  finer  suspended  particles,  and  wash  the  coarser  residue 
with  Water  by  repeated  decantation,  until  a  portion  of  the  wash-water,  after  filtering 
and  acidifying  with  nitric  acid,  fails  to  become  opalescent  upon  the  addition  of  silver 
nitrate  test  solution.  Then  transfer  the  magma  to  a  close  linen  or  muslin  strainer, 
allow  it  to  drain,  and  dry  it  at  110°  C.  (230°  F.). 

Purified  Talc,  when  subjected  to  ignition  at  red  heat,  should  lose  not  more  than 
5  per  cent,  of  its  weight. 

If  10  Gm.  of  Purified  Talc  be  boiled  with  50  Cc.  of  distilled  water  for  one-half 
hour,  adding  water  from  time  to  time  to  maintain  approximately  the  original  volume, 
it  should  yield  a  filtrate  which  is  neutral  to  litmus-paper,  and  one-half  of  this  filtrate, 
when  evaporated  and  dried  at  110°  C.  (230°  F.),  should  yield  not  more  than  0.005 
Gm.  of  residue  (limit  of  soluble  substances). 

Impurities. — More  than  y-^g  of  1  per  cent,  soluble  matter.  Details 
above.     Iron.     Details  in  Part  V. 

Remarks. — This  is  talc  purified  by  treatment  with  hydrochloric 
acid.  It  is  used  as  a  filtering  medium  in  those  cases  where  precipitated 
calcium  phosphate  was  directed  by  the  pharmacopoeia  of  1890,  such 
as  in  making  aromatic  waters  and  some  of  the  syrups. 

Magnesii  Sulphis  (U.  S.  P.  1890). — This  former  official  is  made  by  passing 
sulphurous  acid  gas  through  milk  of  magnesia  (magnesium  hydrate),  as  shown  in  the 
following  equation: 

Mg(OH),     -I-     SO,     =     MgSO,     +     H,0. 

Magnesium  sulphite  is  used  as  an  antiferment,  and  given  in  doses  of  from  1  to 
2Gm. 
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CALCIUM 

Symbol,  Ca.     Atomic  weight,  approximately  40. 

This  element  occurs  as  carbonate  in  the  well-known  minerals, 
limestone,  chalk,  and  marble;  gypsum  (or  in  the  exsiccated  form, 
commercial  plaster  of  Paris)  is  calcium  sulphate,  and  the  same  sub- 
stance in  crystalline  form  constitutes  the  beautiful  mineral,  alabaster. 
Fluorspar,  the  transparent  crystals  used  so  much  in  optics,  is  a  form 
of  calcium  fluoride. 

The  word  calcium  is  derived  from  the  Latin  word  calx,  lime,  which 
has  been  in  use  since  ancient  days,  its  manufacture  from  mussel-shells 
being  described  by  Dioscorides,  while  the  caustic  effect  of  burnt 
lime  is  mentioned  by  Pliny.  Berzelius  and  Pontin  (1808)  obtained 
calcium  amalgam  by  electrolysis  of  lime  in  the  presence  of  mercury, 
and  Davy,  in  the  same  year,  obtained  the  free  metal  in  impure  form 
by  distilling  the  mercury  from  the  amalgam. 

The  metal  is  now  obtained  by  treating  calcium  with  metallic 
sodium  and  zinc,  the  zinc  aiding  the  sodium  in  removing  the  chlorine 
from  the  calcium  chloride.     It  is  also  made  by  electrolysis. 

Calcium  is  light  yellow,  ductile,  malleable,  quite  stable  in  the 
air,  but  burning  with  a  brilliant  yellowish  flame.  In  the  so-called 
calcium  light,  lime  or  calcium  oxide  is  employed,  this  substance 
burning  with  a  brilliant  white  light  when  introduced  into  an  oxyhy- 
drogen  flame. 

Among  the  tests  for  calcium  is  the  precipitate  of  calcium  carbonate, 
produced  when  a  soluble  calcium  salt  is  treated  with  a  solution  of  an 
alkaline  carbonate.  More  characteristic,  however,  is  the  white 
precipitate  of  calcium  oxalate,  produced  in  solutions  of  calcium  salts 
on  addition  of  ammonium  oxalate  solution.  Turning  to  oxalic  acid 
(p.  674),  it  will  be  found  that  lime  is  its  antidote  by  reason  of  this 
very  reaction,  calcium  compounds  converting  oxalic  acid  into  the 
insoluble   and   harmless   calcium   oxalate. 

In  making  most  of  the  calcium  compounds,  the  precipitated 
carbonate  is  employed. 

The  pharmacopoeia  recognizes  the  following  compounds  of  cal- 
cium and  their  preparations: 

Lime.     At  least  90  per  cent,  absolute  CaO. 
Solution  of  lime.     At  least  yV1>  of  1  per  cent,  absolute  Ca(0H)2. 
Lime  liniment.     A  pharmaceutical. 
Syrup  of  lime,  containing  about  6J  per  cent.  lime. 
Sulphurated  lime.     At  least  60  per  cent.  CaS  and  also  some  CaSO^. 
Calcium  bromide.     At  least  97  per  cent,  absolute  CaBrj. 
Prepared  chalk.     Native  CaCOj. 

Compound  chalk  powder,  containing  30  per  cent,  prepared  chalk. 
Chalk  mixture,  containing  20  per  cent,  compound  chalk  powder. 
Precipitated  calcium  carbonate.     At  least  99  per  cent,  absolute  CaCOg. 
Calcium  hypophosphite.     At  least  98  per  cent,  absolute  CaCPHjOj). 
Syrup  of  hypophosphites. 

Compound  syrup  of  hypophosphites.     Pharmaceuticals. 
Precipitated  calcium  phosphate.     At  least  99  per  cent,  absolute  Ca3(POj2' 
Syrup  of  calcium  lactophosphate.     A  pharmaceutical. 
Exsiccated  calcium  sulphate.     About  95  per  cent,  absolute  CaSO^. 
To  which  might  be  added: 

Chlorinated  lime.     Considered  among  the  chlorine  compounds. 
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CALX.     Lime. 

CALCIUM  OXIDE 

CaO  =  55.68 

Prepared  by  calcining  white  marble,  or  the  purest  varieties  of  native  calcium 
carbonate,  and  containing,  when  in  the  anhydrous  state,  not  less  than  90  per  cent, 
of  pure  Calcium  Oxide.     It  should  be  kept  in  well-closed  vessels,  in  a  dry  place. 

Hard,  white,  or  grayish-white  masses,  which,  in  contact  with  the  air,  gradually 
attract  moisture  and  carbon  dioxide,  and  fall  to  a  white  powder;  odorless  and  having 
a  caustic  taste. 

Soluble  in  about  760  parts  of  water  at  25°  C.  (77°  F.)  and  in  about  1600  parts 
of  boiling  water;  insoluble  in  alcohol.  It  forms  readily  soluble  salts  with  diluted 
acetic,  hydrochloric,  or  nitric  acids. 

When  sprinkled  with  about  half  its  weight  of  water,  Calcium  Oxide  becomes 
heated  and  is  gradually  converted  into  a  white  powder  (calcium  hydroxide  or  slaked 
lime).  When  this  is  mixed  with  about  3  or  4  parts  of  water,  it  forms  a  smooth 
magma  (milk  of  lime). 

Its  aqueous  solution  has  an  alkaline  reaction  upon  red  litmus-paper. 

Tests  for  Identity. — Given  above. 

Impurities. — Excess  of  carbonate.     Details  in  Part  V. 

Remarks. — This  official  represents  the  commercial  product  obtained 
by  the  calcination  of  limestone  (p.  81).  Chemically,  it  is  more  or 
less  pure  calcium  oxide,  and  it  might  be  said,  in  passing,  that  the 
lime  made  in  northern  Ohio  usually  contains  strontium. 

When  treated  with  a  small  quantity  of  water,  considerable  heat 
is  evolved,  and  the  lump  falls  to  a  fine  white  powder.  This  is  due 
to  the  formation  of  calcium  hydrate  by  the  chemical  reaction  between 
the  water  and  the  lime,  which  is  expressed  by  the  following  equation: 

CaO     +     H^O     =     Ca(0H)2. 

The  process  is  familiar  under  the  name  of  slaking  lime,  the  oxide 
being  called  unslaked  lime,  while  the  hydrate  is  slaked.  In  slaking 
small  quantities  of  lime  sometimes  required  in  laboratory  work,  the 
heat  is  generated  only  in  small  quantities,  so  that  at  first  glance  it 
appears  that  no  reaction  is  going  on.  The  writer  recalls  one  exper- 
ience, when  he  rejected  a  sample  of  lime  because  of  the  difficulty  of 
slaking,  but  found  that,  when  he  had  thrown  the  same  into  water, 
a  very  energetic  action  would  take  place  when  a  sufficient  quantity 
was  employed.  This  is  particularly  noticed  in  the  slaking  of  small 
quantities  required  for  making  small  amounts  of  solution  of  soda, 
and  the  writer's  advice  is  for  the  operator  to  be  guided  by  the  eventual 
crumbling  of  the  lump,  instead  of  expecting  an  evolution  of  con- 
siderable heat. 

Lime  is  used  medicinally  internally,  when  properly  diluted  with 
water,  as  an  antacid.  (See  Lime  Water.)  When  large  quantities 
are  applied,  especially  in  the  unslaked  form,  it  acts  as  an  escharotic 
and  as  a  depilatory. 

The  use  of  lime  in  forming  mortar  in  cements  is  so  well  known  that 
the  fact  is  here  mentioned  merely  to  call  attention  to  that  particular 
form  called  Portland  cement.  This  is  a  mixture  of  unslaked  lime, 
sand,  and  aluminum  silicate,  and  is  of  value  because,  when  immersed 
in  water,  it  forms  a  hard  mass  resisting  the  action  of  water,  due  to 
the  formation  of  calcium  silicate.  For  masonry  constructions  under 
water  it  is  invaluable. 
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LIQUOR  CALCIS.     Lime  Water. 

[Solution  of  Calcium  Hydroxide] 

A  saturated  aqueous  solution,  which  should  contain  not  less  than  0.14  per  cent, 
of  pure  Calcium  Hydroxide  [Ca(0H)2  =  73.56]. 

The  percentage  of  Calcium  Hydroxide  varies  with  the  temperature  at  which  the 
saturated  solution  is  prepared,  being  about  0.17  per  cent,  at  15°  C.  (59°  F.),  the 
percentage  diminishing  as  the  temperature  rises. 

Recipe. — Lime,  twelve  grammes 12  Gm. 

Distilled  Water,  a  sufficient  quantity. 

Slake  the  Lime  by  the  very  gradual  addition  of  four  hundred  cubic  centimeters 
of  Distilled  Water,  and  agitate  occasionally  during  half  an  hour.  Allow  the  sus- 
pended particles  to  subside,  decant  the  supernatant  liquid,  and  reject  it.  Then  add 
to  the  residue  thirty-six  hundred  cubic  centimeters  of  Distilled  Water,  agitate  thor- 
oughly, let  the  mixture  stand  for  twenty-four  hours,  agitate  again,  then  let  the  coarser 
particles  of  solid  matter  subside,  and  pour  the  liquid,  holding  the  undissolved  cal- 
cium hydroxide  in  suspension,  into  a  glass-stoppered  bottle.  From  time  to  time 
shake  the  bottle,  so  as  to  keep  the  solution  saturated. 

Pour  off  the  clear  liquid  when  required  for  use. 

A  clear,  colorless  liquid  without  odor,  and  having  an  alkaline  taste. 

It  absorbs  carbon  dioxide  from  the  air,  a  pellicle  of  calcium  carbonate  forming 
on  the  surface  of  the  liquid. 

On  being  heated  it  becomes  turbid,  due  to  the  separation  of  calcium  hydroxide, 
which  redissolves  when  the  liquid  is  cooled. 

It  gives  a  strongly  alkaline  reaction  with  red  litmus-paper. 

Tests  for  Identity.     Given  above. 

Impurities. — Alkalis  and  alkaline  carbonates.     Details  in  Part  V. 

Assay. — Details  in  Part-  V. 

Remarks. — This  official  is  largely  sold  under  the  name  of  lime 
water,  and  contains  about  J  of  1  per  cent,  of  calcium  hydroxid.  It 
represents  a  saturated  solution  of  calcium  hydroxide  in  water,  and 
emphasis  should  be  laid  on  the  fact  that  a  saturated  solution  is  not 
necessarily  a  highly  concentrated  one.  Another  interesting  point 
in  connection  with  lime  water  is  that  the  calcium  hydroxide  is  more 
soluble  in  cold  water  than  it  is  in  hot  water;  and  if  a  saturated  solution 
prepared  with  cold  water  be  warmed,  it  becomes  turbid  by  the  pre- 
cipitation of  the  excess  of  lime. 

Lime  water  is  a  preparation  that  is  made  by  nearly  all  druggists, 
and  that,  unfortunately,  in  a  careless  way.  Pharmacopoeia]  lime 
water  is  not  made  by  throwing  a  lump  of  lime  into  a  crock,  pouring 
water  on  it,  and  using  the  same  lime  for  many  subsequent  crockfuls 
of  water.  In  preparing  lime  water  the  pharmacopoeia]  process  should 
be  used,  and  when  once  practised,  it  will  be  found  to  be  of  little  less 
inconvenience  than  the  crude  method  above  described,  and  a  highly 
superior  product  is  obtained. 

In  preparing  the  solution  of  lime  the  pharmacopoeia  directs  that 
the  lime  be  slaked  with  a  certain  quantity  of  water,  then  mixed  with 
water,  and  the  lime  allowed  to  precipitate;  the  water  is  then  decanted 
and  poured  away.  This  is  done  because  commercial  lime  usually 
contains  more  or  less  calcium  chloride,  which,  if  permitted  to  remain 
in  the  finished  solution,  would  prove  rather  irritating.  Calcium 
chloride  is  very  soluble  in  water,  and  by  macerating  the  lime  with  a 
small  amount  of  water,  the  chloride  will  dissolve  therein,  and  can  be 
thus  completely  removed  in  the  first  water,  which  is  thrown  away. 
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The  calcium  hydroxide  being  sparingly  soluble,  this  first  water  con- 
tains comparatively  a  small  amount  of  lime,  and  in  this  way  we 
rid  ourselves  of  the  calcium  chloride  with  comparatively  little  loss 
of  the  calcium  hydroxide.  On  throwing  away  the  water  containing 
the  calcium  chloride,  the  lime  is  then  treated  with  a  large  quantity  of 
water  and  the  mixture  allowed  to  stand.  The  pharmacopoeia  directs 
that,  after  shaking  and  waiting  a  long  enough  time  for  the  coarser 
particles  to  subside,  the  liquid  containing  the  undissolved  lime  in 
suspension  is  transferred  to  a  glass  bottle,  and  that  this  undissolved 
lime  shall  remain  in  the  lime  water  until  dispensed,  in  order  that  the 
solution  be  kept  saturated.  In  practice,  this  part  of  the  pharma- 
copoeial  requirement  is  rarely  followed,  and  that  in  the  interest  of 
elegant  pharmacy,  as  the  pharmacopoeia  prohibits  the  filtration  of  the 
product,  directing  that  the  clear  liquid  be  decanted  when  needed. 
Such  procedure  is  almost  sure  to  yield  a  more  or  less  cloudy  liquid, 
while  most  careful  pharmacists  desire  to  furnish  a  lime  water  which 
is  as  clear  as  crystal.  In  the  writer's  experience,  half-gallon  bottles 
containing  the  water  with  an  excess  of  undissolved  lime  were  kept 
on  hand  securely  corked,  and  when  the  half-gallon  dispensing  bottle 
became  empty,  one  of  those  kept  in  reserve  was  filtered,  and  a  per- 
fectly transparent  liquid  was  obtained.  The  pharmacopoeial  objection 
to  the  use  of  filter-paper  is  based  on  the  fact  that  the  fibers  of  the 
filter  absorb  a  certain  quantity  of  calcium  hydroxide,  and,  therefore, 
the  first  portion  passing  through  the  filter  is  deficient  in  lime  strength. 
This  disadvantage  can  be  easily  obviated  by  throwing  away  the  first 
ounce  or  two  of  the  filtered  lime  water  and  collecting  the  remainder 
in  an  appropriate  container. 

Solution  of  lime  is  a  valuable  antacid. 

Dose. — 16  Cc.  (4  fluidrachms). 

SYRUPUS   CALCIS.     Syrup  of  Lime. 

This  official  is  thoroughly  discussed  in  Part  VII.,  where  the  official 
recipe  is  given  in  full;  so  at  this  place  it  is  only  necessary  to  state 
that  it  is  made  by  boiling  together  lime,  sugar,  and  water. 

It  contains  about  6.5  per  cent,  of  calcium  hydroxide.  The  greater 
solubility  of  lime  in  saccharine  mixtures  than  in  water  alone  is  due 
to  chemical  action,  the  aldehyde-alcohol,  sugar,  combining  with  the 
lime  to  form  what  is  commonly  called  calcium  saccharate.  (See 
p.  698.) 

Dose. — 2  Cc.  (30  minims). 

LINIMENTUM  CALCIS.     Lime  Liniment. 

This  well-known  official,  Carron  oil,  has  been  mentioned  on 
p.  272,  while  the  chemistry  of  the  preparation  is  referred  to  on  p.  739. 
It  suffices  here  to  say  that  it  is  considered  as  a  lime  soap,  and  is  a 
valuable  remedy  for  burns  and  scalds.  In  fact,  the  name  Carron  oil 
is  derived  from  the  Carron  Iron  Works,  where  it  was  at  first  largely 
used  for  burns  resulting  from  molten  metal.  In  case  of  a  severe 
burn  it  is  applied  freely  on  the  injured  surface,  and  it  is  then  covered 
with  pads  of  absorbent  cotton. 
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CALX  CHLORINATA.     Chlorinated  Lime. 

This  has  already  been  considered  on  p.  391,  under  the  preparations 
of  chlorine,  where  it  is  explained  that  its  entire  value  is  due  to  chlorine 
content,  the  lime  being  merely  the  container  for  the  valuable  gas. 

CALX  SULPHURATA.     Sulphurated  Lime. 

A  mixture  containing  at  least  60  per  cent,  of  calcium  sulphide  [CaS  =  71.63], 
together  with  unchanged  calcium  sulphate  [CaS04  =  135.15],  and  carbon,  in  varying 
proportions. 

Recipe. — Exsiccated  Calciiun  Sulphate,  in  fine  powder, 

seventy  grammes 70  Gm. 

Charcoal,  in  fine  powder,  ten  grammes 10  Gm. 

Starch,  two  grammes 2  Gm. 

Mix  the  powder  thoroughly,  pack  the  mixture  lightly  into  a  crucible,  cover  this 
loosely,  and  heat  it  to  bright  redness,  until  the  contents  have  lost  their  black  color. 
Allow  the  crucible  to  cool,  reduce  the  product  to  powder,  and  at  once  transfer  it  to 
small,  glass-stoppered  vials. 

A  pale  gray  powder,  exhaling  a  faint  odor  of  hydrogen  sulphide,  having  a  naus- 
eous and  alkaline  taste;  gradually  decomposing  by  exposure  to  moist  air. 

Very  slightly  soluble  in  cold  water,  more  readily  in  boiling  water,  which  partially 
decomposes  it;  insoluble  in  alcohol. 

When  Sulphurated  Lime  is  decomposed  by  diluted  acetic  acid,  calcium  acetate 
is  formed,  hydrogen  sulphide  gas  is  evolved,  and  a  residue  of  calcium  sulphate  and 
carbon  remains. 

The  filtrate  from  this  yields  with  ammonium  oxalate  T.S.  a  white  precipitate, 
insoluble  in  acetic  acid,  but  soluble  in  hydrochloric  acid. 

If  1  Gm.  of  Sulphurated  Lime  be  added  to  a  cold  solution  of  2.08  Gm.  of  cupric 
sulphate  in  50  Cc.  of  water,  followed  by  10  Cc.  of  diluted  hydrochloric  acid,  added  in 
small  portions,  with  constant  stirring,  and  the  mixture  digested  on  a  water-bath  for 
15  minutes  and  filtered,  the  addition  of  an  excess  of  ammonia  water  should  impart 
no  color  to  the  filtrate  (presence  of  at  least  60  per  cent,  of  pure  Calcium  Sulphide). 

Tests  for  Identity. — Given  above. 

Assay. — Given  above. 

Remarks. — The  common  name  of  this  chemical,  "Calcium  Sul- 
phide," is  incorrect,  as  it  is  not  pure  calcium  sulphide,  CaS,  but  a 
mixture  of  this  with  calcium  sulphate  and  carbon.  The  process  of 
manufacture  in  the  present  pharmacopoeia  is  different  from  that  of 
the  pharmacopcfiia  of  1880.  The  chemical  is  now  prepared  by  the 
reduction  of  calcium  sulphate  with  carbon,  similar  to  the  reduction 
process  in  the  manufacture  of  sulphurous  acid  given  on  p.  425,  only  it 
is  carried  farther  in  the  case  of  sulphurated  lime,  the  reaction  being — 

CaSO,     +     Cj     =     CaS     +     200^. 

However,  part  of  the  oxygen  grasped  by  the  carbon  is  taken  from  the 
air.  Starch  is  also  used  in  the  present  process,  to  furnish  additional 
carbon  as  needed. 

In  the  pharmacopoeia  of  1880  the  chemical  was  made  by  heating 
a  mixture  of  lime  and  sulphur.  This  yielded  a  similarly  mixed 
product,  for,  as  seen  by  the  following  reaction, 

4CaO     +     S,     =     3CaS     +     CaSO,, 

there  is  oxygen  to  be  disposed  of,  thus  giving  rise  to  the  sulphate. 
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Sulphurated  lime  is  used  as  an  alterative  in  skin  diseases.  It  is 
indicated  in  that  morbid  condition  of  the  system  which  manifests 
itself  in  that  form  of  eruption  called  boils. 

Dose, — 65  milligrammes  (1  grain). 

The  so-called  calcium  sulphide  used  as  a  depilatory — for  the  removal  of  super- 
fluous hair — is,  in  truth,  calcmm  sulphydrate,  that  is,  calcium  sulphide  combined 
with  an  extra  molecule  of  hydrogen  sulphide.  This  body  is  made  by  passing  hy- 
drogen sulphide  gas  through  a  thin  paste  of  calcium  hydroxide  in  water — which, 
by  the  way,  is  called  milk  of  lime. 

The  equation  of  reaction  is: 

Ca(0H)3     +     2H2S     =     Ca(HS)3     +     211^0. 

It  will  be  noticed  that  the  five  preparations  just  discussed  are 
considered  as  compounds  of  lime  rather  than  as  definite  calcium  salts, 
such  as  those  we  are  now  ready  to  take  up. 

The  true  salts  of  calcium  are  usually  prepared  by  treating  the 
carbonate  with  the  proper  acid.  Thus  are  made  calcium  bromide, 
CaBrj,  and  calcium  chloride,  CaClj,  the  graphic  formulas  of  which  are 
good  demonstrations  of  the  fact  that  the  calcium  is  a  dyad: 


-Br  Pa-Cl 

-Br  Wfl-Cl 


CALCII   BROMIDUM.     Calcium  Bromide. 

CaBrj  =  198.52 

It  should  contain  not  less  than  97  per  cent,  of  pure  Calcium  Bromide  and  should 
be  kept  in  well-stoppered  bottles. 

A  white,  granular  salt,  odorless,  of  a  sharp,  saline  taste,  and  very  deliquescent. 

Soluble  in  0.5  part  of  water  and  in  1  part  of  alcohol  at  25°  C.  (77°  F.);  more 
soluble  at  boiling  temperatures. 

An  aqueous  solution  of  the  salt  is  neutral  to  litmus-paper. 

If  1  Gm.  of  Calcium  Bromide  be  added  to  20  Cc.  of  water,  it  should  form  a  clear, 
colorless  solution,  leaving  no  residue  (absence  of  insoluble  impurities). 

Tests  for  Identity.     See  Calcium  and  Bromides  in  Part  V. 

Impurities. — Iodides,  heavy  metals,  barium,  bromate,  excess  of 
nitrates  and  of  ammonia.  Details  in  Part  V.  Insoluble  impurities 
given  above. 

This  compound  can  be  made  by  treating  calcium  carbonate  with 
hydrobromic  acid  by  the  following  equation: 

CaCOj     -I-     2HBr     =     CaBr^     +     H,0     -h     CO,, 

or  by  the  double  decomposition  of  calcium  hydroxide  with  ammonium 
bromide,  as  shown  in  the  following  equation: 

Ca(OH),     +     2NH,Br     =     CaBr,     +     2NH,0H. 

In  the  former  case  the  side  product,  carbon  dioxide,  passes  off  as 
gas,  while  in  the  second  reaction  the  resulting  ammonium  hydroxide 
is  dissipated  during  the  evaporation  of  the  solution  of  calcium  bromide. 

Calcium  bromide  is  used  as  a  hypnotic. 

Dose. — 1  Gm.  (15  grains). 

Calcium  carbonate,  CaCOg,  is  official  in  two  forms. 
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CRETA   PR^PARATA.     Prepared  Chalk. 

CaCOj  =  99.35 

Native  Calcium  Carbonate,  freed  from  most  of  its  impurities  by  elutriation. 

A  white  to  grayish-white,  very  fine  amorphous  powder,  often  molded  into 
conical  drops;  odorless  and  tasteless;  permanent  in  the  air. 

Almost  insoluble  in  water;  insoluble  in  alcohol;  soluble  in  diluted  acetic,  hydro- 
chloric, or  nitric  acids,  with  copious  effervescence,  leaving  not  more  than  a  trifling 
residue. 

When  heated  to  full  redness,  Prepared  Chalk  gradually  loses  carbon  dioxide, 
and  is  converted  into  calcium  oxide. 

Tests  for  Identity. — Given  above. 

Remarks. — This  represents  the  native  ore,  which  is  mined  in 
large  quantities  in  southwest  England;  freed  from  grit  by  elutriation, 
and  the  resulting  magma  then  made  into  the  characteristic  cone — 
prepared  chalk — by  the  process  of  trochiscation   (p.  117). 

A  characteristic  quality  of  prepared  chalk  is  the  stickiness  which 
it  possesses,  and  is  preferable  to  the  precipitated  chalk  in  diarrhea 
mixtures  for  this  very  reason,  being  more  likely  to  adhere  to  the 
irritated  mucous  membrane. 

Prepared  chalk  is  a  constituent  of  compound  chalk  powder  (p.  302), 
and  this  in  turn  is  the  main  ingredient  of  chalk  mixture  (p.  264). 

Dose. — 1  Gm.  (15  grains). 

Whiting  is  an  unofficial  form  of  calcium  carbonate,  consisting  of  chalk  less  care- 
fully washed  than  prepared  chalk.  School-crayons  represent  the  same  mineral 
shaped  into  sticks. 

CALCII   CARBONAS  PRJECIPITATUS.     Precipitated  Calcium 

Carbonate. 

CaC03  =  99.35. 

It  should  contain  not  less  than  99  per  cent,  of  pure  Calcium  Carbonate. 

A  fine,  white  powder,  without  odor  or  taste,  and  permanent  in  the  air. 

Nearly  insoluble  in  water;  the  solubility  is  increased  by  the  presence  of  am- 
monium salts,  and  especially  by  carbon  dioxide;  alkali  hydroxides  diminish  its  solu- 
bility; insoluble  in  alcohol;  in  diluted  acetic,  hydrochloric,  or  nitric  acid  it  is  com- 
pletely soluble,  with  effervescence. 

When  heated  to  full  redness,  with  access  of  air,  the  salt  gradually  loses  carbon 
dioxide,  and  a  residue  of  calcium  oxide  remains. 

For  applying  tests  of  identity  and  of  purity,  5  Gm.  of  Calcium  Carbonate  are 
mixed  with  100  Cc.  of  distilled  water,  followed  by  hydrochloric  acid,  added  drop  by 
drop,  with  agitation,  until  solution  takes  place.  The  resulting  solution  should,  after 
boiling  and  cooling,  be  of  acid  reaction,  and  there  should  not  remain  more  than 
traces  of  insoluble  matter. 

In  a  portion  of  this  acid  solution,  after  neutralizing  with  ammonia  water,  am- 
monium oxalate  T.S.  produces  a  white  precipitate  of  calcium  oxalate,  insoluble  in 
acetic  acid,  but  soluble  in  hydrochloric  acid. 

If  to  20  Cc.  of  the  acid  solution  ammonia  water  be  added  until  of  alkaline  reac- 
tion, no  turbidity  or  precipitation  should  take  place  either  before  or  after  boiling 
(absence  of  iron,  aluminum,  phosphates,  etc.). 

The  acid  solution  should  not  respond  to  the  Time-limit  Test  for  heavy  metals. 

If  1  Gm.  of  the  salt  be  agitated  with  50  Cc.  of  water,  the  filtrate  should  not  show 
an  alkaline  reaction  with  litmus-paper,  and,  on  evaporation,  should  not  leave  a 
weighable  residue  (limit  of  soluble  impurities). 

Tests  for  Identity. — See  Calcium  and  Carbonates  in  Part  V. 
Impurities. — Iron,     aluminum,     phosphates,     excess     of    soluble 
impurities.     See  above.     Heavy  metals.     Details  in  Part  V. 
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Remarks. — Precipitated  chalk  is  made  from  prepared  chalk  by 
dissolving  the  same  in  hydrochloric  acid,  whereby  calcium  chloride 
is  produced,  and  then  precipitated  by  the  addition  of  sodium  carbonate 
to  the  filtered  solution  of  calcium  chloride.  The  process  is  enlarged 
upon  on  p.  1120.  It  will  be  noted  that  the  same  precipitated  chalk 
is  the  side-product  in  the  manufacture  of  the  three  solutions  already 
described — solution  of  soda,  solution  of  potassa,  and  solution  of 
chlorinated  soda.  The  precipitated  chalk  so  obtained,  however,  is 
scarcely  fit  for  use,  that  from  the  first  two  products  being  largely 
contaminated  with  alkali,  while  that  from  Labarraque's  solution 
smells  strongly  of  chlorine. 

The  chief  use  of  precipitated  chalk  is  as  a  tooth-powder,  and  it  is 
admirably  adapted  for  the  purpose  in  such  preparations  made  by  the 
retail  pharmacist.  Even  better,  however,  is  that  form  of  calcium 
carbonate  obtained  by  rubbing  the  soft  interior  of  the  cuttlefish  bone 
against  a  sieve.  As  already  mentioned,  precipitated  chalk  is  not  as 
valuable  as  prepared  chalk  for  diarrhea  mixtures. 

Dose. — 1  Gm.  (15  grains). 

CALCII   CHLORIDUM.     Calcium  Chloride. 

CaClj  =  110.16 

Calcium  Chloride,  rendered  anhydrous  by  fusion  at  the  lowest  possible  tem- 
perature. It  should  contain  not  less  than  99  per  cent,  of  pure  Calcium  Chloride 
and  should  be  kept  in  well-stoppered  bottles. 

White,  slightly  translucent,  hard  fragments,  odorless,  having  a  sharp,  saline 
taste. 

It  is  veiy  deliquescent. 

Soluble  in  1.3  parts  of  water  and  in  8  parts  of  alcohol  at  25°  C.  (77°  F.);  in  1.5 
parts  of  boiling  alcohol  and  very  freely  soluble  in  boiling  water,  usually  leaving  a 
slight  residue. 

Below  a  red  heat  the  salt  fuses,  and,  on  cooling,  solidifies  without  change  in 
composition. 

When  perfectly  pure,  Calcium  Chloride  dissolves  in  water  without  residue;  the 
solution  should  be  strictly  neutral  to  litmus-paper. 

When  the  salt  has  been  overheated  in  fusing,  the  solution  has  an  alkaline  re- 
action, and  a  small  residue  of  calcium  oxide  is  left,  which  is  soluble  in  hydrochloric 
acid. 

If  to  the  aqueous  solution  of  the  salt  (1  in  20)  ammonia  water  be  added,  until 
of  alkaline  reaction,  no  turbidity  or  precipitation  should  take  place  either  before  or 
after  boiling  (absence  of  iron,  aluminum,  phosphates,  etc.). 

If  from  10  Cc.  of  the  solution  the  calcium  be  completely  precipitated  by  am- 
monium oxalate  T.S.,  the  filtrate  should,  on  evaporation  and  ignition,  leave  not  more 
than  a  trace  of  fixed  residue  (limit  of  magnesium  and  alkalis). 

Tests  for  Identity. — See  Calcium  and  Chlorides  in  Part  V. 

Impurities. — Iron,  aluminum,  phosphates,  excess  of  magnesium 
or  of  alkalis,  see  above.     Arsenic  and  lead.     Details  in  Part  V. 

This  substance,  as  already  mentioned,  is  prepared  by  the  treat- 
ment of  calcium  carbonate  with  hydrochloric  acid,  as  shown  in  the 
following  equation: 

CaCO,     -f-     2HC1     =     CaCl,     +     CO,     +     H,0. 

The  solution  is  evaporated  to  dryness,  and  the  product  comes  into 
the  market  either  in  the  form  of  a  white,  granular  powder,  or  in  fused 
lumps. 
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Calcium  chloride  is  official  because  of  its  value  as  a  desiccating 
agent,  as  an  absorber  of  water,  it  being  used  very  largely  in  chemical 
work  for  this  purpose.  Thus,  in  keeping  the  air  in  the  case  of  an 
analytic  balance  free  from  moisture,  calcium  chloride  is  employed. 
It  is  also  used  as  a  base  for  freezing  mixtures,  for,  when  combined 
with  snow,  it  produces  the  exceedingly  low  temperature  of  —48°  C. 

Dose. — 500  milligrammes  (7 J  grains). 

CALCII   HYPOPHOSPHIS.     Calcium  Hypophosphite. 

Ca(PHA)2  =  168.86 

It  should  contain  not  less  than  98  per  cent,  of  pure  Calcium  Hypophosphite 
f(PO.OH2)2Ca]  and  should  be  kept  in  well-stoppered  bottles;  caution  should  be  ob- 
served in  dispensing  Calcium  Hypophosphite,  as  explosion  is  liable  to  occur  when  it 
is  triturated  or  heated  with  nitrates,  chlorates,  or  other  oxidizing  agents. 

Colorless,  transparent,  monoclinic  prisms,  or  small,  lustrous  scales,  or  a  white, 
crystalline  powder,  odorless,  having  a  nauseous  and  bitter  taste;  permanent  in  the 
air. 

Soluble  in  6.5  parts  of  water  at  25°  C.  (77°  F.)  and  in  6  parts  of  boiling  water; 
insoluble  in  alcohol. 

When  heated  in  a  test-tube  the  salt  decrepitates,  and  above  300°  C.  (572°  F.) 
it  begins  to  decompose,  giving  off  water  and  emitting  inflammable  gases  (hydrogen 
and  hydrogen  phosphide),  and  leaving  a  residue  of  calcium  pyrophosphate  and 
metaphosphate,  with  some  red  phosphorus. 

If  1  Gm.  of  the  salt  be  added  to  20  Cc.  of  water  and  well  shaken,  not  more  than 
a  trace  of  residue  should  remain  (absence  of  phosphate  and  sulphate). 

Tests  for  Identity. — See  Calcium  and  Hypophosphites  in  Part  V. 

Impurities. — Phosphate  and  sulphate,  given  above.  Arsenic 
and  heavy  metals.     Details  in  Part  V. 

This  chemical  is  made  by  warming  a  mixture  of  phosphorus 
(finely  divided,  as  explained  on  p.  117)  and  milk  of  lime  at  40°  C, 
the  reaction  being 

3Ca(OH)2     -f-     8P     -F     6Rfi     =     3Ca(PHA)2     +     2PH3. 

The  solution  of  calcium  hypophosphite  is  filtered  from  the  excess  of 
lime  and  is  evaporated  at  low  temperatures  until  a  granular  mass 
results. 

The  method  of  manufacture  just  mentioned  is  by  no  means  free 
from  danger,  as  mentioned  when  discussing  the  hypophosphites  of 
potassium  and  sodium.  Not  only  is  the  spontaneously  inflammable 
phosphine  (PH3)  evolved  during  process  of  manufacture,  but  also 
while  granulating  the  salt.  Hence  the  advice  not  to  heat  hypophos- 
phites above  85°  C.  even  on  the  water-bath. 

In  this  connection  it  might  be  well  to  mention  that  it  frequently 
happens  that  the  calcium  hypophosphite  of  commerce  does  not 
completely  dissolve  in  the  amount  of  water  and  acid  directed  for  the 
manufacture  of  the  official  syrup  of  hypophosphites.  This  is  due  to 
the  fact  that  such  calcium  hypophosphite  is  not  up  to  the  pharma- 
copoeial  requirements  as  to  purity,  and  it  is,  therefore,  good  pharmacy 
always  to  choose  a  very  reliable  make  of  this  salt  for  hypophosphite 
preparations.  As  is  the  case  with  all  hypophosphites,  this  salt  is 
supposed  to  be  of  value  as  a  nutritive  in  phthisis.     A  constituent  of 
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syrup  of  hypophosphites,  U.  S.  P.  (p.  195);  of  compound  syrup  of 
hypophosphites,  U.  S.  P.  (p.  195),  and  of  emulsion  of  cod  liver  oil  vnth 
hypophosphites,  U.  S.  P.  (p.  271). 

Dose. — 500  milligrammes  (7^  grains). 

SYRUPUS  HYPOPHOSPHITUM.     Syrup  of  Hypophosphites. 

SYRUPUS  HYPOPHOSPHITUM  COMPOSITUS.     Compound   Syrup 

of  Hypophosphites. 

While  these  preparations  are  mentioned  here  because  calcium  hypo- 
phosphite  is  their  chief  constituent,  the  full  explanation  of  them  will 
be  found  on  p.  195. 

CALCn   PHOSPHAS  PR^ECIPITATUS.     Precipitated  Calcium 

Phosphate. 

Ca3(PO,)3  =  307.98 

It  should  contain  not  less  than  99  p>er  cent,  of  pure  Calcium  Phosphate  [(P0.03)2- 
Ca,]. 

A  bulky,  white,  amorphous  powder,  odorless  and  tasteless;  permanent  in  the 
air. 

Almost  insoluble  in  cold  water;  partly  decomposed  by  boiling  water,  which  dis- 
solves out  the  acid  salt;  almost  insoluble  in  acetic  acid,  except  when  freshly  precipi- 
tated; easily  soluble  in  hydrochloric  or  nitric  acid;  insoluble  in  alcohol. 

At  an  intense  white  heat  the  salt  fuses  without  decomposition. 

When  moistened  with  silver  nitrate  T.S.,  either  before  or  after  ignition,  the 
salt  acquires  a  yellow  color  (distinction  from  acid  calcium  phosphate,  which,  after 
ignition,  when  moistened  with  silver  nitrate  T.S.,  remains  white). 

For  applying  tests  of  identity  and  of  purity,  shake  2  Gm.  of  Precipitated  Cal- 
cium Phosphate  with  20  Cc.  of  water,  add  nitric  acid,  drop  by  drop,  until  solution  is 
effected,  and  then  add  sufficient  water  to  make  the  liquid  measure  40  Cc.  While 
making  this  solution  no  effervescence  should  occur  on  adding  the  acid  (absence  of 
carbonate). 

Tests  for  Identity. — See  Calcium  and  Phosphates  in  Part  V. 

Impurities. — Acid  calcium  phosphate,  carbonate,  given  above. 
Excess  of  chloride,  barium,  heavy  metals,  and  arsenic.  Details  in 
Part  V. 

Remarks. — Precipitated  calcium  phosphate,  Q,a^(P0^2^  is  obtained 
from  bone-ash,  80  to  85  per  cent,  of  which  consists  of  this  chemical. 

In  preparing  it,  bones  are  treated  with  hydrochloric  acid,  whereby 
soluble  acid  phosphate  and  calcium  chloride  are  produced,  as  shown 
in  the  following  equation: 

Ca,(POJ,     -I-     4HC1     =     CaH,(PO,),     +     2CaCl„ 

and,  on  addition  of  ammonia  water  to  the  solution,  the  phosphate  is 
again  formed  and  precipitates  out — 

CaH,(PO,),     -I-     2CaCl,     +     4NH3     =     Ca3(P0,),     +     4NH,C1. 

Bone-ash  contains  some  magnesium  salts,  and  the  calcium  phos- 
phate obtained  from  this  source  is  apt  to  contain  ammoniomagnesium 
phosphate.    For  this  reason  much  of  the  better  grade  of  calcium  phos- 
phate is  made  by  the  action  of  sodium  phosphate  on  calcium  chloride 
33 
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in  the  presence  of  ammonia.  If  the  reaction  takes  place  in  neutral 
solution,  hydrogen  calcium  phosphate  [CaH4(P04)2]  is  produced. 

Because  precipitated  calcium  phosphate  is  supposed  to  be  practi- 
cally insoluble  in  water,  this  salt  was  directed  by  the  pharmacopoeia  of 
1890  as  the  diluent  and  divider  in  the  making  of  such  preparations 
as  aromatic  waters  and  elixirs  and  tincture  of  opium.  That  the  salt 
is  completely  insoluble  when  used  for  this  process  is  an  error,  and 
frequently  leads  to  mischievous  results.  Waters  made  with  the 
precipitated  phosphate  rapidly  become  stringy,  due  to  microscopic 
plants,  while  the  alkaloids  are  rendered  partly  insoluble,  with  cor- 
responding decrease  in  strength  of  the  preparation.  For  this  reason, 
at  the  revision  of  1900,  purified  talc  was  chosen  for  aromatic  waters 
instead  of  the  phosphate. 

Medical  Properties. — Occasionally  used  as  a  tonic. 

Dose. — 1  Gm.  (15  grains). 

SYRUPUS    CALCII    LACTOPHOSPHAS.      Syrup  of  Calcium  Lacto- 

phosphate. 

Of  this  official  preparation,  which  contains  3  per  cent,  of  calcium 
lactophosphas,  full  details  are  on  p.  679,  so  here  it  suffices  to  say  that 
the  pharmacopoeia  directs  its  manufacture  by  treating  calcium 
carbonate  with  lactic  and  phosphoric  acids,  along  with  sugar  and 
flavor,  and  is  given  in  doses  of  from  4  to  8  Cc. 

CALCII  SULPHAS  EXSICCATUS.     Exsiccated  Calcium  Sulphate. 

A  powder  containing  about  95  per  cent.,  by  weight,  of  Calcium  Sulphate  [CaSO« 
=  135.15]  and  about  5  per  cent,  of  water;  prepared  from  the  purer  varieties  of  native 
gypsum  [CaS04  +  2H20  =  170.91]  by  carefully  heating  until  about  three-fourths  of 
the  water  has  been  expelled. 

Exsiccated  Calcium  Sulphate  should  be  kept  in  well-closed  vessels,  carefully 
protected  from  moisture. 

A  fine,  white  powder,  without  odor  or  taste. 

From  moist  air  it  attracts  water,  becomes  granular,  and  then  loses  the  property 
of  hardening  with  water. 

When  mixed  with  half  its  weight  of  water,  Exsiccated  Calcium  Sulphate  forms 
a  smooth,  cohesive  paste,  which  rapidly  hardens. 

It  is  soluble  in  about  378  parts  of  water  at  25°  C.  (77°  F.)  and  in  451  parts  at 
100°  C.  (212°  F.).  In  alcohol  it  is  insoluble.  It  readily  dissolves  in  diluted  nitric 
or  hydrochloric  acid;  also  in  saturated  solutions  of  potassium  nitrate,  sodium  thio- 
sulphate,  and  of  various  ammonium  salts. 

When  heated  above  204°  C.  (399.2°  F.)  Exsiccated  Calcium  Sulphate  becomes 
anhydrous  and  loses  the  property  of  forming  a  paste  with  water  which  hardens 
rapidly. 

Tests  for  Identity. — See  Calcium  and  Sulphates  in  Part  V. 

Impurities. — Carbonate.     Details  in  Part  V. 

Remarks. — This  official  represents  the  native  mineral  gypsum  in 
exsiccated  form,  and  is  commercially  known  as  plaster  of  Paris.  Its 
use  in  medicine  and  pharmacy  is  purely  mechanical,  and  is  due  to  the 
fact  that  when  combined  with  water,  it  forms  a  paste  which  quickly 
settles  to  a  firm,  insoluble  mass.  This  makes  plaster  of  Paris  of 
great  value  in  the  setting  of  broken  limbs,  while  its  pharmaceutic  use 
in  making  fast  the  handles  of  pestles  has  already  been  commented  on 
on  p.  114. 
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STRONTIUM 
Symbol,  Sr.    Atomic  weight,  approximately  87. 

This  element  occurs  in  the  minerals  strontianite  (strontium  carbo- 
nate) and  celestite  (strontium  sulphate). 

The  sulphate  is  found  in  considerable  quantity  in  the  group  of 
islands  in  Lake  Erie,  especially  at  Put-in-Bay  Island. 

The  carbonate  was  discovered  near  Strontian,  a  village  of  Scotland, 
and  on  being  proved  different  from  barium  carbonate,  was  named 
by  Hope,  who  proved  that  it  contained  a  new  metal  by  preparing 
several  salts. 

The  metal  was  first  isolated  by  Davy  in  1808  by  electrolysis  of 
the  oxide. 

Strontium  is  now  made  by  the  electrolysis  of  strontium  chloride. 

Strontium  is  a  brassy  metal,  having  the  specific  gravity  of  2.5, 
and  comparatively  stable  in  air.  When  placed  in  water,  however, 
it  decomposes  same  in  a  manner  similar  to  that  already  explained 
under  Potassium. 

The  tests  for  strontium  and  its  compounds  are,  first,  the  crimson 
color  which  it  transmits  to  a  colorless  flame,  and,  secondly,  the 
sparingly  soluble  sulphate  which  is  formed  on  adding  a  soluble  alkaline 
sulphate  to  a  soluble  salt  of  strontium. 

Strontium  has  comparatively  little  value  in  pharmacy,  its  chief 
use  being  in  pyrotechnics.  The  red  flame  just  described  makes  the 
strontium  compounds  valuable  in  this  direction.  Strontium  is  also 
used  in  the  sugar  industry  for  the  regeneration  of  molasses. 

The  pharmacopoeia  recognizes  three  salts  of  strontium, — the 
bromide,  the  iodide,  and  the  lactate, — the  popularity  of  these  leading 
to  a  demand  for  their  admission  into  the  United  States  Pharma- 
copoeia of  1890,  being  chiefly  developed  through  the  advertising 
efforts  of  certain  firms  exploiting  strontium  compounds  in  medicine. 
The  unprejudiced  observer  finds,  however,  scarcely  sufficient  value 
in  strontium  compounds  to  justify  official  recognition. 

STRONTII  BROMIDUM.     Strontium  Bromide. 

SrBrj  +  GHjO  =  352.94 

It  should  contain  not  less  than  97  per  cent,  of  pure  Strontium  Bromide  and 
should  be  kept  in  glass-stoppered  bottles. 

Colorless,  transparent,  hexagonal  crystals;  odorless  and  having  a  bitter,  saline 
taste.     Very  deliquescent. 

Soluble  in  about  1  part  of  water  at  25°  C.  (77°  F.)  and  in  0.4  part  of  boiling 
water.  It  is  readily  soluble  in  alcohol  and  is  precipitated  from  this  solution  upon 
the  addition  of  an  equal  volume  of  ether,  in  wluch  it  is  insoluble. 

When  heated,  the  crystals  at  first  melt  and  then  lose  all  their  water  (30.4  per 
cent.).     The  anhydrous  salt  fuses  at  630°  C.  (1166°  F.). 

To  a  non-luminous  flame  the  salt  communicates  an  intense  red  color. 

Its  aqueous  solution  is  neutral  to  litmus-paper. 

With  calcium  sulphate  T.S.  the  aqueous  solution  (1  in  20)  slowly  forms  a  white 
precipitate  of  strontium  sulphate,  insoluble  in  dilute  acids;  the  same  reaction  occurs 
more  quickly  with  diluted  sulphuric  acid  and  the  readily  soluble  sulphates. 

With  potassium  chromate  T.S.  it  forms  a  yellow  precipitate  of  strontium  chro- 
mate,  soluble  in  acetic  acid. 

With  ammonium  carbonate  T.S.,  or  sodium  carbonate  T.S.,  it  forms  a  white 
precipitate  of  strontium  carbonate,  soluble,  with  effervescence,  in  acetic  acid. 
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Tests  for  Identity. — See  above. 

Impurities. — Iodide,  heavy  metals,  and  barium.  Details  in 
Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  compound  is  prepared  by  treating  the  carbonate 
with  hydrobromic  acid.     It  is  used  as  a  hypnotic. 

Dose. — 1  Gm.  (15  grains). 

STRONTII   lODIDUM.     Strontium  Iodide. 

Sria  +  GHjjO  =  446.02 

It  should  contain  not  less  than  98  per  cent,  of  pure  Strontium  Iodide  and  should 
be  kept  in  small  glass-stoppered  vials,  carefully  protected  from  light. 

Colorless,  transparent,  hexagonal  plates;  odorless  and  having  a  bitter,  saline 
taste.     Deliquescent  and  colored  yellow  by  exposure  to  air  and  light. 

Soluble  in  about  9.6  part  of  water  at  25°  C.  (77°  F.)  and  in  0.27  part  of  boiling 
water.     Also  soluble  in  alcohol  and  slightly  soluble  in  ether. 

When  cautiously  heated,  the  crystals  melt  and  gradually  lose  their  water  (24.05 
per  cent.),  becoming  anhydrous.  At  a  red  heat  the  salt  is  decomposed,  losing  iodine, 
and  leaving  a  residue  of  strontium  oxide. 

To  a  non-luminous  flame  it  imparts  an  intense  red  color. 

Its  aqueous  solution  is  neutral  or  very  slightly  alkaline  to  litmus-paper. 

Tests  for  Identity. — See  Strontium  and  Iodides  in  Part  V. 
Impurities. — Heavy  metals,  barium.  Details  in  Part  V. 
Assay. — Details  in  Part  V. 

Remarks. — This  is  made  by  treating  strontium  carbonate  with 
hydriodic  acid.     It  is  used  as  an  alterative. 
Dose. — 500  milligrammes  (7^  grains). 

STRONTII   SALICYLAS.     Strontium  Salicylate. 

Sr(CTH503)2  +  2H2O  =  394.72 

It  should  contain  not  less  than  98.5  per  cent,  of  pure  Strontium  Salicylate 
[(C8H^.OH.COO)2Sr  +  2H2O]  and  should  be  kept  in  well-stoppered  bottles,  protected 
from  heat  and  light. 

A  white,  crystalline  powder;  odorless  and  having  a  sweetish,  saline  taste. 

Soluble  in  18  parts  of  water  and  in  66  parts  of  alcohol  at  25°  C.  (77°  F.);  in  3.5 
parts  of  boiling  water  and  in  10.5  parts  of  boiling  alcohol. 

When  heated  the  salt  is  decomposed,  giving  off  inflammable  vapors  and  an  odor 
of  phenol,  and  finally  leaving  a  gray  residue  of  strontium  carbonate. 

To  a  non-luminous  flame  its  solution  imparts  an  intense  red  color. 

Its  aqueous  solution  should  be  colorless  and  slightly  alkaline  to  litmus-paper. 

Tests  for  Identity. — See  Strontium  and  Salicylates  in  Part  V. 
Impurities. — Heavy  metals,  excess  of  barium. 
Assay. — Details  in  Part  V. 

Remarks. — This  body  is  made  by  treating  strontium  carbonate 
with  salicylic  acid. 

It  is  used  in  rheumatism. 
Dose. — 1  Gm.  (15  grains). 

BARIUM 

Symbol,  Ba.     Atomic  weight,  136.4 

The  chief  ores  of  this  metal  are  heavy  spar  (barium  sulphate)  and  vntherite 
(barium  carbonate).  The  former  ore  was  called  "  barote"  by  Guyton  de  Morveau 
(1779),  from  the  Greek  word  baros  (heavy),  and  from  this  the  name  of  the  element 
was  derived. 
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An  amalgam  of  barium  and  mercury  was  first  obtained  by  Berzelius  and  Pontin 
in  1808,  by  electrolysis,  but  these  investigators  were  unable  to  isolate  the  element, 
this  being  done  by  Davy  the  same  year  bjr  distilling  the  mercury  from  the  amalgam. 

Barium  is  now  obtained  by  electrolysis  of  the  fused  chloride. 

Metallic  barium  resembles  in  many  ways  metallic  strontium.  It  has  a  specific 
gravity  of  3.75,  is  a  brassy  metal,  and,  like  strontium,  while  stable  in  air,  reacts 
with  water,  forming  hydrogen  and  the  hydrate  of  the  metal. 

The  characteristic  test  for  soluble  barium  compounds  is  the  white  precipitate 
formed  by  the  addition  of  soluble  sulphate.  The  barium  sulphate  thus  produced 
is  insoluble  even  in  boiling  nitric  and  hydrochloric  acid,  and  is  one  of  the  most  in- 
soluble and  infusible  substances  known.  Barium  compounds  give  to  a  colorless 
flame  a  green  tint. 

No  salts  of  barium  are  official,  but  the  pharmacopoeia  of  1890  recognized  barii 
dioxidum,  BaOj.  This  chemical  is  made  by  heating  barium  oxide,  BaO,  in  contact 
with  air.  It  was  made  official  for  the  sole  purpose  of  making  hydrogen  dioxide  water 
by  the  recipe  official  in  the  United  States  Pharmacopoeia  of  1890. 

The  pharmacopoeia  also  mentions  in  the  Appendix  two  salts  of  barium  used  for 
testing  purposes — barium  chloride  and  barium  nitrate — recipes  for  test  solutions  of 
each  being  given.  The  purpose  of  both  of  these  solutions  is  for  the  detection  of 
sulphates,  they  affording  the  most  delicate  test  for  that  purpose. 


CHAPTER  XXIX 


ZINQ  MANGANESE,  COBALT,  AND  NICKEL 

Referring  to  the  chapter  on  Analytic  Chemistry  (p.  985),  it  will 
be  seen  that  the  alkaline  metals,  lithium,  potassium,  sodium,  and 
the  radicle  ammonium,  form  the  first  of  the  seven  groups  into  which 
metals  are  divided  in  analysis.  The  alkaline  earth  metals,  magne- 
sium, calcium,  strontium,  and  barium,  form  the  second  analytic 
group — those  precipitated  from  solution  by  ammonium  carbonate 
and  ammonium  phosphate. 

The  third  analytic  group  includes  the  metals  zinc,  manganese, 
cobalt,  and  nickel;  these  four  elements,  along  with  aluminum,  iron, 
and  chromium,  being  precipitated  from  alkaline  solution  by  the 
ammonium  sulphide  test  solution. 

The  last  three  metals  form  the  fourth  analytic  group,  the  third 
and  fourth  groups  being  differentiated  by  the  fact  that  the  fourth 
group  can  be  precipitated  from  acid  solution  by  the  addition  of 
ammonia  water,  while  the  third  group  is  not  precipitated  by  that 
reagent. 

With  the  metals  considered  in  this  chapter  we  reach  what  might 
be  called  the  commercial  metals — that  is,  those  which,  by  reason  of 
stability,  abundance,  and  general  utility,  are  used  largely  in  the  arts 
as  metals.  The  isolation  of  these  metals  from  their  ores  has  been 
practised  for  many  centuries,  and  the  process  of  extraction  now  in 
vogue  is  largely  a  modification  of  ancient  methods.  The  study  of 
the  various  methods  of  isolation  forms  the  art  called  metallurgy. 

ZINC 

Symbol,  Zn.     Atomic  weight,  approximately  65. 

Zinc  occurs  as  calamine  (zinc  carbonate)  and  zinc  blend  (zinc 
sulphide).     Calamine  is  largely  mined  in  the  neighborhood  of  Aix-la- 
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Chapelle,  Germany,  and  it  is  interesting  that  in  that  neighborhood 
there  grows  a  wild  violet  which  is  characterized  by  the  large  amount 
of  zinc  in  its  ash,  and  it  is,  therefore,  given  the  botanic  name  of  Viola 
calaminaris.  In  this  country  zinc  is  mined  in  the  neighborhood  of 
Joplin,  Mo.,  the  ore  found  there  being  sphalerite  (a  form  of  zinc  sul- 
phide). 

Zinc  was  early  used  as  a  constituent  of  brassy  alloys,  the  coins  of 
the  Roman  emperors,  Nero  and  Hadrian,  containing  it. 

For  this  purpose  an  ore  of  zinc  was  evidently  used,  Dioscorides 
and  Pliny  calling  an  ore  that  would  turn  copper  yellow  cadmia.  Ore 
for  similar  purposes  is  called  by  Arabian  writers  climia,  and  from 
this  word  come  such  modifications  as  calimia  and  lapis  calaminaris. 
The  word  zinc  is  first  found  in  the  writings  of  Basil  Valentine  and  of 
Paracelsus,  but  the  metal  does  not  seem  to  have  been  isolated  in 
Europe  until  Henkel  produced  it  by  a  secret  process,  although  Labavius 
(1597)  describes  the  metal  as  a  peculiar  tin  from  East  Indies. 

Zinc  is  made  by  roasting  calamine  with  charcoal  and  distilling 
the  resulting  zinc.  Since  calamine  is  a  carbonate;  extreme  heat  will 
calcine  it,  with  the  formation  of  zinc  oxide.  If  charcoal  be  present 
during  the  calcination,  it  will  act  as  a  reducing  agent,  removing  the 
oxygen  in  the  form  of  carbon  monoxide  and  carbon  dioxide,  by  the 
following  reaction: 

Z11CO3     +    C     =    Zn     +    CO     +    COj. 

This  leaves  metallic  zinc  in  a  more  or  less  impure  form,  and  the 
metal  is,  therefore,  purified  by  continuing  the  heat  until  the  zinc 
distils  over. 

If  zinc  sulphide  is  the  ore  employed,  it  is  first  roasted  in  air,  when 
it  decomposes  into  zinc  oxide  and  sulphur  dioxide,  the  latter  passing 
off  into  the  air  or  being  collected  in  a  Gay  Lussac  tower.  The 
remaining  zinc  oxide  is  treated  wth  charcoal,  as  in  the  case  of  cal- 
amine. 

In  technic  there  are  several  processes — English,  Belgian,  and 
Silesian — these  differing  only  in  the  apparatus  wherein  occurs  the 
reduction  of  the  oxide  with  charcoal. 

Zinc  is  the  first  metal  which  we  have  considered  that  is  given 
official  recognition;  the  three  metals  recognized  by  the  pharmacopoeia 
as  uncombined  metals  being  zinc,  iron,  and  mercury. 

ZINCUM.     Zinc. 

Zn  =  64.9 

It  should  contain  not  less  than  99  per  cent,  of  pure  metallic  Zinc. 

A  bluish-white  metal,  showing  a  crystalline  fracture;  in  the  form  of  thin  sheets, 
or  in  irregular,  granulated  pieces,  or  molded  into  thin  pencils,  or  in  fine  powder, 
and  having  a  specific  gravity  ranging  from  6.9  when  it  is  cast  to  7.2  after  it  is  rolled. 

Soluble  in  diluted  sulphuric  or  hydrochloric  acid  with  evolution  of  hydrogen. 

When  heated  above  100°  C.  (212°  F.)  and  not  above  150°  C.  (302°  F.),  the  metal 
becomes  malleable  and  ductile;  above  200°  C.  (392°  F.)  it  becomes  sufficiently 
brittle  to  be  powdered  in  an  iron  mortar;  at  412°  to  415°  C.  (773.6°  to  779°  F.)  it 
melts,  and  at  940°  C.  (1724°  F.)  it  boils  and  may  be  readily  distilled. 

If  1  Gm.  of  Zinc  be  added  to  20  Cc.  of  diluted  hvdrochloric  acid,  the  liberated 
hydrogen  should  not  have  a  disagreeable  odor,  nor  should  it  color  a  strip  of  paper 
moistened  with  lead  acetate  T.S.  (absence  of  sulphur)  or  with  silver  nitrate  T.S. 
(absence  of  arsenic,  antimony,  and  phosphorus).     The  resulting  solution  should  be 
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clear  and  colorless,  and  should  yield  a  white  gelatinous  precipitate  with  potassium 
ferrocyanide  T.S.,  and  a  white  precipitate  with  ammonium  sulphide  T.S. 

Tests  for  Identity. — Given  above. 

Impurities. — Sulphur,  arsenic,  antimony,  and  phosphorus  (given 
above).     Arsenic,  cadmium,  lead,  and  copper.     Details  in  Part  V. 

Remarks. — As  will  be  noted,  the  pharmacopoeia  permits  the  use 
of  zinc  in  several  forms,  viz.,  as  sticks,  in  the  form  of  mossy  zinc  and 
sheet  zinc,  or  in  the  form  of  a  very  fine  powder.  All  these  forms  are 
used  either  for  the  manufacture  of  the  official  zinc  salts  or  for  the 
production  of  hydrogen.  In  the  latter  case  zinc  is  largely  used  for 
the  purpose  of  making  arsenic  tests,  and  it  is  essential  that  the  metal 
so  used  should  be  free  from  arsenic  and  other  impurities  found  largely 
in  the  ordinary  commercial  zinc.  Hence  it  should  be  noticed  that  the 
pharmacopoeia  directs  a  careful  test  for  the  presence  of  arsenic  in 
zinc. 

Hydrogen  can  be  produced  from  zinc  in  two  ways: 

Treatment  of  zinc  with  a  diluted  acid: 

Zn     +     H3SO,     =     H2     +     ZnSO,. 
Treatment  of  zinc  with  a  strong  alkali: 

Zn     +     2NaOH     =     H3     +     Na^ZnO^. 

These  two  reactions  will  be  again  mentioned  in  the  chapter  on 
Arsenic  (p.  574) ,  so  here  we  need  only  touch  upon  that  interesting 
compound,  sodium  zincate,  NagZnOj.  Reference  to  the  tests  for 
zinc  salts  shows  the  fact  that  any  soluble  zinc  salt, — say,  zinc  sulphate, 
— when  treated  with  a  solution  of  an  alkali, — say,  sodium  hydroxide, — 
yields  a  white  precipitate  which  will  dissolve  on  addition  of  an  excess 
of  alkali. 

The  first  stage  of  this  reaction  is  as  follows: 

ZnSO,     +     2NaOH     =     Na^SO^     +     Zn(OH)„ 

the  white  precipitate  being  zinc  hydroxide. 

When  more  sodium  hydroxide  is  added  to  this,  the  precipitate  is 
dissolved  by  reason  of  the  formation  of  soluble  sodium  zincate  by  the 
following  reaction: 

Zn(0H)3     +     2NaOH     =     Na^ZnO,     +     2H,0. 

Zincate  of  sodium,  when  largely  diluted  with  water,  decomposes, 
sodium  hydroxide  being  produced,  and  zinc  hydroxide  being  pre- 
cipitated by  the  following  equation: 

NajZnOj     4-     H,0     =     Zn(OH),     +     2NaOH. 

Stress  is  here  laid  upon  these  combinations  of  zinc  salts  with  alka- 
lis because  the  same  combinations  occur  when  aluminum,  manganese, 
chromium,  and,  to  a  lesser  extent,  iron,  are  treated  with  alkalis, 
this  showing  that  such  metals  as  zinc,  aluminum,  manganese,  chro- 
mium, and  even  iron  can  act  either  as  positive  or  negative  elements, 
according  as  they  are  associated  with  elements  more  positive  or  nega- 
tive than  themselves. 

Zinc  is  a  valuable  metal  for  use  in  the  arts  by  reason  of  its  power 
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of  resistance  against  the  atmospheric  change.  It  is  true  that  when 
a  fresh  layer  of  zinc  is  exposed  to  the  air,  it  loses  its  lustre  and  becomes 
covered  with  a  white  layer.  This  layer  consists  of  a  mixture  of  zinc 
oxide  and  zinc  carbonate,  which  acts  as  an  admirable  protective  for 
the  metal  underneath,  in  a  way  similar  to  that  already  explained 
concerning  the  protective  power  of  lead  sulphate  in  the  lead-chamber 
process.  By  reason  of  the  superior  stability  of  zinc,  as  compared 
with  iron,  it  is  quite  largely  used  for  the  plating  of  iron  utensils,  such 
zinc-coated  iron  being  called  galvanized  iron. 

The  tests  for  zinc  and  its  compounds  are:  Ammonium  sulphide 
produces  a  white  precipitate  of  zinc  sulphide  when  brought  in  contact 
with  a  solution  of  zinc  salt.  This  explains  the  value  of  zinc  oxide 
paint.  The  other  chemical  largely  used  as  a  white  pigment  is  lead 
carbonate,  and  this  so-called  lead  paint  possesses  the  objection  of 
blackening  when  coming  in  contact  with  hydrogen  sulphide,  that 
reagent  thereby  producing  the  black  lead  sulphide.  Therefore,  in 
places  where  hydrogen  sulphide  abounds,  such  as  chemical  laboratories 
or  water-closets,  the  zinc  paints  are  preferable. 

Any  alkaline  hydroxide  produces  a  flocculent  precipitate  of  zinc 
hydroxide  with  any  soluble  zinc  salt,  this  precipitate  redissolving  in 
excess  of  alkali.  Any  soluble  carbonate  precipitates  any  zinc  salt  as 
a  dense  white  zinc  carbonate. 

The  following  salts  of  zinc  and  their  preparations  are  official: 

Zinc  acetate.     At  least  99.5  per  cent,  absolute  Zn(C2H302)2  +  2H2O. 

Zinc  bromide.     At  least  97  per  cent,  absolute  ZnBrj. 

Precipitated  zinc  carbonate.     Yielding  at  least  72  per  cent,  zinc  oxide. 

Zinc  chloride.     At  least  99.5  per  cent,  absolute  ZnClj. 

Solution  of  zinc  chloride,  containing  50  per  cent,  absolute  ZnClj. 

Zinc  iodide.     At  least  98  per  cent,  absolute  Znla- 

Zinc  oxide.     At  least  99.5  per  cent,  absolute  ZnO. 

Ointment  of  zinc  oxide  contains  20  per  cent,  zinc  oxide. 

Zinc  phenolsulphonate  contains  99.5  per  cent,  absolute  Zn(C8H504S)2  +  8H2O. 

Zinc  stearate.     Zn  (0,8113502)2  admixed  with  traces  of  zinc  palmitate. 

Ointment  of  zinc  stearate  contains  50  per  cent,  zinc  stearate. 

Zinc  sulphate.     At  least  99.5  per  cent,  absolute  ZnS04  +  7H2O. 

Zinc  valerate.     At  least  99  per  cent,  absolute  Zn(C5H902)2  +  2H2O. 

Salts  of  zinc  are  usually  made  from  the  metal  or  from  the  oxide, 
by  treatment  with  the  proper  acid.  Zinc  is  a  bivalent,  even  as  are 
alkaline  earths  (p.  495). 

ZINCI   ACETAS.     Zinc  Acetate. 

Zn(C2H302)2  +  2H2O  =  217.82 

It  should  contain  in  the  uneffloresced  condition  not  less  than  99.5  per  cent,  of 
pure  Zinc  Acetate  [(CH3.COO)2Zn  +  2H20]  and  should  be  kept  in  well-stoppered 
bottles. 

Soft,  white,  six-sided,  monoclinic  plates,  of  a  pearlj^  lustre,  having  a  faintly- 
acetous  odor,  and  in  dilute  solutions  an  astringent,  metallic  taste.  Exposed  to  the 
air,  the  salt  gradually  effloresces  and  loses  some  of  its  acid. 

Soluble  in  about  2.5  parts  of  water  and  in  36  parts  of  alcohol  at  25°  C.  (77°  F.); 
soluble  in  1.5  parts  of  boiling  water  and  in  0.6  part  of  boiling  alcohol.  On  protracted 
boiling  with  water  acetic  acid  is  lost,  and  an  insoluble  basic  salt  formed. 

When  heated  the  salt  is  partially  fused,  losing  water  and  acid.  At  a  higher 
temperature  it  is  decomposed,  evolving  acetone  and  other  combustible  vapors,  and 
leaving  a  residue  of  zinc  oxide. 

Its  aqueous  solution  reddens  blue  litmus-paper. 
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Tests  for  Identity. — See  Zinc  and  Acetates  in  Part  V. 

Impurities. — Arsenic,  cadmium,  lead,  copper,  sulphate,  and 
chloride.     Details  in  Part  V. 

Remarks. — This  salt  is  made  by  dissolving  zinc  oxide  in  acetic 
acid,  as  shown  in  the  following  equation: 

ZnO     +     2HC3H3O3     =     ZnCCjHjO^)^     +     H^O. 

Zinc  acetate  is  a  mild  astringent,  of  considerable  value  in  the 
manufacture  of  eye-washes  and  gonorrheal  injections.  For  the 
latter  purpose  a  favorite  prescription  is  one  combining  lead  acetate 
and  zinc  sulphate.  When  the  solutions  of  these  two  salts  are  mixed, 
a  double  decomposition  occurs  in  the  formation  of  zinc  acetate,  which 
remains  in  solution,  and  lead  sulphate,  which  precipitates  out  (p.  1080). 

Zinc  acetate  is  rarely  given  internally. 

Dose. — 125  milligrammes  (2  grains). 

ZINCI   BROMIDUM.     Zinc  Bromide. 

ZnBr^  =  223.62 

It  should  contain,  when  anhydrous,  at  least  97  per  cent,  of  pure  Zinc  Bromide 
and  should  be  kept  in  small,  glass-stoppered  bottles. 

A  white,  granular  powder;  odorless,  having,  even  in  dilute  solutions,  a  sharp, 
saline,  and  metallic  taste.     Very  deliquescent. 

Readily  soluble  in  water  and  alcohol. 

When  heated  to  394°  C.  (741.2°  F.)  the  salt  fuses,  and,  with  a  careful  increase 
of  heat,  may  be  sublimed  in  the  form  of  needle-shaped  prisms. 

Its  aqueous  solution  gives  a  slightly  acid  reaction  with  blue  litmus-paper. 

Tests  for  Identity. — See  Zinc  and  Bromides  in  Part  V. 

Impurities. — Iodide,  arsenic,  cadmium,  lead,  copper,  sulphate,  ex- 
cess of  chloride.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  salt  is  made  by  either  one  of  two  ways:  A  solution 
of  zinc  sulphate  is  treated  with  a  solution  of  potassium  bromide,  the 
potassium  sulphate  separated  from  the  solution  of  zinc  bromide  by 
the  addition  of  alcohol  (see  Ammonium  Iodide,  p.  493).  A  better 
method,  however,  is  by  treating  bromine  placed  under  a  considerable 
layer  of  water  with  granulated  zinc,  the  reaction  being  as  follows: 

Zn     +     Br^     =     ZnBr^. 

In  both  cases  the  salt  is  obtained  from  the  solution  by  granulation. 
Medical  Properties. — Zinc  bromide  is  used  as  a  hypnotic  in  epilepsy. 
Dose. — 125  milligrammes  (2  grains). 

ZINCI    CARBONAS    PRiECIPITATUS.     Precipitated  Zinc  Carbonate. 

Hydrated  Zinc  Carbonate,  which,  upon  ignition,  should  yield  not  less  than  72 
per  cent,  of  zinc  oxide  [ZnO  =  80.73]. 

An  impalpable,  white  powder,  of  somewhat  variable  chemical  composition, 
without  odor  or  taste.     Permanent  in  the  air. 

Insoluble  in  water  or  alcohol;  completely  soluble  in  diluted  acids  with  copious 
effervescence;  also  soluble  in  ammonia  water  and  in  ammonium  carbonate  T.S. 

When  strongly  heated  the  salt  loses  water  and  carbon  dioxide,  and  leaves  a 
residue,  which  is  yellow  while  hot,  but  becomes  white  on  cooling. 

When  a  small  portion  of  the  salt  is  moistened  with  a  drop  of  cobaltous  nitrate 
T.S.,  and  heated  before  the  blow-pipe,  it  will  assume  a  vivid  green  color. 
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Tests  for  Identity. — See  Zinc  and  Carbonates  in  Part  V. 

Impurities. — Arsenic,  cadmium,  lead,  copper,  and  excess  of  alkali. 
Details  in  Part  V. 

A ssai/.— ^Details  in  Part  V. 

Remarks. — It  will  be  noticed  in  the  official  definition  given  above 
that  no  chemical  formula  is  assigned  this  salt,  and  this  is  because  it 
is  of  variable  composition. 

It,  like  the  official  magnesium  carbonate  and  lead  carbonate,  is  a 
mixture  of  the  true  carbonate  with  the  hydrate.  Like  magnesium 
carbonate,  the  proportion  of  the  carbonate  to  the  hydrate  depends 
on  conditions  of  precipitation — on  concentration  of  solutions,  tem- 
perature, and  proportion  of  the  two  chemicals  used  in  manufacture. 

The  official  carbonate  is  made  by  mixing  hot  solutions  of  zinc 
sulphate  with  sodium  carbonate.  If  cold  diluted  solutions  of  the 
two  salts  are  mixed,  the  normal  carbonate  is  produced,  but  during  the 
reaction  considerable  carbonic  acid  is  evolved,  and  the  carbonate 
thus  produced  dissolves  in  this  carbonated  water.  Hence  the  process 
is  wasteful,  and  in  factories  recourse  is  always  had  to  the  process  of 
hot  precipitation.  The  normal  carbonate,  moreover,  is  unstable, 
producing,  on  drying,  the  official  carbonate. 

Zinc  carbonate  is  used  chiefly  externally  as  a  dusting-powder,  being 
mildly  astringent. 

ZINCI  CHLORIDUM.     Zinc  Chloride. 

ZnClij  =  135.26 

It  should  contain,  when  anhydrous,  not  less  than  99.5  per  cent,  of  pure  Zinc 
Chloride  and  should  be  kept  in  small,  glass-stoppered  bottles. 

A  white,  granular  powder,  or  porcelain-like  masses,  irregular,  or  molded  into 
pencils;  odorless,  of  such  intensely  caustic  properties  cs  to  make  tasting  dangerous 
unless  the  salt  be  dissolved  in  much  water;  the  dilute  solution  has  an  astringent, 
metallic  taste.     Very  deliquescent. 

Soluble  in  about  0.4  part  of  water  at  25°  C.  (77°  F.),  forming  a  clear  solution, 
which,  on  protracted  boiling,  deposits  a  basic  salt;  very  soluble  in  alcohol. 

"When  heated  to  115°  C.  (239°  F.)  Zinc  Chloride  fuses  to  a  clear  liquid.  At  a 
higher  temperature  it  is  partly  volatilized  in  dense,  white  fumes,  and  partly  decom- 
posed, leaving  a  residue  of  zinc  oxide. 

Its  aqueous  solution  reddens  blue  litmus-paper. 

The  aqueous  solution  (1  in  20)  should  be  clear,  or  at  most  only  very  slightly 
opalescent;  and  if  it  be  mixed  with  an  equal  volume  of  alcohol,  a  single  drop  of 
hydrochloric  acid  should  suffice  to  render  10  Cc.  of  the  mixture  perfectly  clear  (limit 
of  oxychloride). 

Tests  for  Identity. — See  Zinc  and  Chlorides  in  Part  V. 

Impurities. — Excess  of  oxychloride  (given  above).  Arsenic,  cad- 
mium, lead,  copper,  sulphates.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  salt  is  made  by  treating  metallic  zinc  with  hydro- 
chloric acid,  as  shown  in  the  following  equation: 

Zn     +     2HC1     =     ZnCU     +     Hj. 

The  solution  of  chloride  thus  produced  is  evaporated  to  dryness  and 
placed  in  warm  dry  bottles. 

Zinc  chloride  is  used  chiefly  externally  as  an  antiseptic,  disinfec- 
tant, and  caustic.  For  the  latter  purpose  it  enjoyed  considerable 
repute  in  cases  of  cancer,  a  preparation  largely  used  in  France — 
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pate  de  Canquoin — being  a  pasty  mass  of  flour  with  which  is  incor- 
porated zinc  chloride. 

LIQUOR  ZmCI  CHLORIDI.     Solution  of  Zinc  Chloride. 

Complete  details  of  the  manufacture  of  this  solution,  called 
Burnett's  disinfecting  fluid,  including  the  official  recipe,  will  be  given 
in  Part  VIL,  so  here  we  need  only  mention  that  it  is  made  by  treating 
zinc  with  hydrochloric  acid,  evaporating  the  solution  to  dryness, 
adding  to  the  residue  a  small  quantity  of  nitric  acid,  fusing  the  mass, 
and  then  redissolving  it  in  sufficient  cold  water  to  make  the  official 
liquid  contain  50  per  cent,  of  zinc  chloride.  The  addition  of  nitric 
acid  in  fusing  is  done  in  order  to  insure  the  removal  of  traces  of  iron 
which  invariably  contaminate  the  commercial  metallic  zinc,  and  in 
this  preparation  the  latter  is  usually  employed,  instead  of  the  official 
chemically  pure  metal.  Under  the  treatment  just  given  the  zinc 
chloride  undergoes  no  change,  but  the  iron  chloride  will  be  converted 
into  FejOg,  which  is  insoluble  in  water  (p.  1124). 

ZINCI   lODIDUM.     Zinc  Iodide. 
Znia  =  316.70 

It  should  contain,  when  anhydrous,  not  less  than  98  per  cent,  of  pure  Zinc  Iodide 
and  should  be  kept  in  small,  glass-stoppered  bottles,  protected  from  light. 

A  white,  granular  powder;  odorless  and  having  a  sharp,  saline,  and  metallic 
taste.  Very  deliquescent,  and,  upon  exposure  to  air  and  light,  becoming  brown 
from  liberated  iodine. 

Readily  soluble  in  water,  alcohol,  or  ether. 

When  heated  to  about  446°  C.  (834.8°  F.)  the  salt  fuses  to  a  colorless  liquid, 
and  at  a  higher  temperature  sublimes,  forming  quadratic  needles,  while  a  small  part 
is  decomposed  and  leaves  a  residue  of  zinc  oxide. 

Its  aqueous  solution  reddens  blue  litmus-paper. 

Tests  for  Identity. — See  Zinc  and  Iodides  in  Part  V. 

Impurities. — Arsenic,  cadmium,  lead,  copper,  sulphate,  and  excess 
of  chloride.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  is  made  by  combining  metallic  zinc  with  iodine, 
as  shown  in  the  following  equation: 

Zn     -f-     I,     =     Znlj. 

This  can  be  done  by  combining  the  two  elements  dry  and  sub- 
liming the  resulting  zinc  iodide,  or  the  elements  can  be  digested  under 
water  and  zinc  iodide  obtained  in  crystals  by  evaporation  of  the 
solutions. 

This  salt  is  used  as  an  alterative. 

Dose. — 65  milligrammes  (1  grain). 

ZINCI   OXIDUM.     Zinc  Oxide. 

ZnO  =  80.78 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Zinc  Oxide. 

A  very  fine,  amorphous,  white  or  yellowish- white  powder,  free  from  gritty 
particles,  without  odor  or  taste;  it  gradually  absorbs  carbon  dioxide  from  the  air. 

Insoluble  in  water  or  alcohol.  Completely  soluble,  without  effervescence,  in 
diluted  acids;  also  in  ammonia  water  and  m  ammonium  carbonate  T.S. 
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When  heated,  it  assumes  a  yellow  color,  which  disappears  on  cooling. 
If  a  small  portion  of  Zinc  Oxide  be  moistened  with  a  drop  of  cobaltous  nitrate 
T.S.,  and  heated  before  the  blow-pipe,  it  will  assume  a  vivid  green  color. 

Tests  for  Identity. — Given  above. 

Impurities. — Arsenic,  cadmium,  lead,  copper,  excess  of  alkali, 
excess  of  sulphate,  and  chloride.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  is  prepared  by  the  calcination  of  pure  zinc  car- 
bonate. It  is  important  for  the  pharmacist  to  understand  the 
distinction  between  the  commercial  zinc  oxide,  which  is  so  largely 
used,  and  the  form  recognized  by  the  pharmacopoeia.  The  commercial 
form  is  not  made  by  the  calcination  of  zinc  carbonate,  but  by  the 
roasting  of  crude  metallic  zinc  in  a  current  of  air,  whereby  the  resulting 
zinc  oxide  sublimes.  This  form  of  zinc  oxide  is  used  very  largely  as 
a  paint,  and  should  never  be  used  by  the  careful  pharmacist  in  making 
the  official  zinc  salve. 

Commercial  zinc  oxide  is  of  dead  white  tint,  and  is  more  or  less 
gritty,  while  the  official  compound  has  a  slightly  cream  tint.  Were 
it  universally  employed  by  the  pharmacist  for  making  the  official 
zinc  ointment,  there  would  be  less  complaint  about  the  grittiness 
of  that  preparation. 

Two  synonyms  of  zinc  oxide  are  worthy  of  passing  notice  as  relics  of  the  days 
of  alchemy.  The  chemical  is  sometimes  called  lana  philosophica  (philosopher's 
wool),  because  the  sublimed  zinc  oxide  collects  on  the  condenser  in  wooly  tufts. 
The  other  synonym,  nihilum  album,  is  an  interesting  illustration  of  corruption  in 
words  in  the  course  of  time.  The  Latin  words  ninx  album  (white  snow)  were  coined 
by  some  poetic  alchemist  because  of  the  similarity  of  sublimed  zinc  oxide  to  snow- 
flakes.  The  term,  in  being  used  by  another  author,  was  misunderstood  and  written 
as  "nichts  album"  (white  nothing),  which  term  was  found  in  several  books  of  the 
seventeenth  century.  Later  some  careful  student  decided  the  term  "nichts  album," 
combining  as  it  did  German  and  Latin,  should  be  placed  in  correct  Latin,  and  thus 
the  form  "nihilum  album"  (white  nothing)  originated. 

^  Zinc  oxide  is  used  almost  entirely  externally,  and  so  used  it  is  a 
mild,  healing  astringent.  It  is  chiefly  applied  in  the  form  of  the 
official  ointment.  (See  p.  349).  If  used  internally,  it  is  an  astrin- 
gent. 

Dose. — 250  milligrammes  (4  grains). 

OLEATUM   ZINCI    (U.  S.  P.  1890).     Oleate  of  Zinc. 

_  Oleate  of  zinc  (U.  S.  P.  1890)  was  made  by  sifting  zinc  through  a  fine  sieve  into 
oleic  acid  contained  in  an  evaporating  dish,  and  warming  until  the  oxide  was  dis- 
solved. As  already  explained  under  the  head  of  Oleates,  this  chemical  can  be 
considered  as  a  pharmaceutical — as  a  solution  of  zinc  oleate  in  a  large  excess  of  oleic 
acid.  It  is  referred  to  here  in  order  to  emphasize  the  distinction  between  it  and  the 
true  zinc  oleate.  While  the  official  oleate  of  zinc  is  in  the  form  of  a  thin,  greasy  liquid, 
the  definite  chemical  zinc  oleate  is  a  smooth  white  powder,  and  is  made  by  mixing 
solutions  of  Castile  soap  and  zinc  sulphate.  A  recipe  of  this  form  of  zinc  oleate 
can  be  found  in  the  National  Formulary.  It  is  used  in  a  manner  similar  to  zinc 
oxide,  but  by  some  specialists  is  preferred  to  the  latter  for  dusting  purposes. 

ZINCI  PHOSPHIDUM  (U.  S.  P.  1890).     Zinc  Phosphide. 

Zinc  phosphide  (U.  S.  P.  1890)  was  made  by  passing  the  vapor  of  phosphorus 
over  powdered  zinc  in  an  atmosphere  of  hydrogen.  The  performance  of  this  opera- 
tion, it  is  needless  to  say,  requires  the  utmost  caution.     The  zinc  is  placed  in  a  tube 
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of  Bohemian  glass,  the  air  having  been  carefully  excluded  by  passing  hydrogen 
through  the  tube.  The  phosphorus  is  then  distilled  from  the  retort,  from  which  the 
air  has  also  been  removed  by  means  of  hydrogen,  and  under  such  circumstances 
the  two  elements  combine  without  danger.  Zinc  phosphide  affords  an  interesting 
problem  of  linking  by  valence: 


(■give 


It  is  nearly  five  times  heavier  than  water. 

Zinc  phosphide  is  a  nervous  stimulant  and  aphrodisiac,  and  is  administered  in 
doses  of  from  3  to  8  milligrammes. 

ZmCI   PHENOLSULPHONAS.     Zinc  Phenolsulphonate. 

Zn(CeHAS)2  +  8H,0  =  551.56 

It  should  contain,  in  unefHoresced  crystals,  not  less  than  99.5  per  cent,  of  pure 
Zinc  Paraphenolsulphonate  [(C6Hi(OH)S03)2Zn  1:4  +  8H20]  and  should  be  kept  in 
small,  well-stoppered  bottles. 

Colorless,  transparent,  rhombic  prisms  or  tabular  crystals;  odorless  and  hav- 
ing an  astringent,  metallic  taste.  Exposed  to  the  air  the  salt  effloresces,  and  upon 
exposure  to  light  and  air  may  become  slightly  pink. 

Soluble  in  1.7  parts  of  water  or  alcohol  at  25°  C.  (77°  F.);  in  0.3  part  of  boihng 
water  and  0.56  part  of  boiling  alcohol. 

When  heated  to  100°  C.  (212°  F.)  the  salt  loses  6  molecules  of  water  of  crys- 
tallization, and  it  loses  the  remainder  at  125°  C.  (257°  F.).  At  a  higher  temperature 
it  chars,  emitting  inflammable  vapors  having  the  odor  of  phenol,  and  finally  leaves 
a  residue  amounting  to  about  14.6  per  cent,  of  the  original  weight. 

Its  aqueous  solution  reddens  blue  litmus-paper. 

Tests  for  Identity. — See  Zinc  and  Phenolsulphonates  in  Part  V. 

Impurities. — Arsenic,  cadmium,  lead,  copper,  sulphate,  and 
chloride.     Details  in  Part  V. 

Remarks. — This  new  official,  also  called  zinc  sulphocarbolate,  is  made 
by  treating  barium  sulphocarbolate  with  zinc  sulphate,  when  barium 
sulphate  precipitates,  leaving  zinc  sulphocarbolate  in  solution.  By 
evaporation  of  this  solution  the  salt  is  obtained  in  crystals.  The 
manufacture  of  barium  sulphocarbolate  has  already  been  described 
on  p.  469. 

Zinc  phenolsulphonate  is  a  useful  astringent  antiseptic. 

Dose. — 125  milligrammes  (2  grains). 

ZINCI   STEARAS.     Zinc  Stearate. 

A  very  fine,  white  powder,  tasteless,  and  having  a  very  faint  odor,  resembling 
that  of  fat.     Zinc  stearate  contains  a  small  but  varying  proportion  of  zinc  palmitate. 

Insoluble  in  water,  alcohol,  or  ether. 

When  heated,  the  salt  fuses.  At  a  higher  temperature  it  is  decomposed,  giving 
off  inflammable  vapors  and  the  odor  of  burning  fat,  and  finally  leaves  about  15.5 
per  cent,  of  residue,  which  consists  chiefly  of  zinc  oxide. 

The  salt  should  have  a  neutral  reaction  to  moistened  litmus-paper. 

If  0.5  Gm.  of  Zinc  Stearate  be  heated  with  a  mixture  of  9.5  Cc.  of  distilled  water 
and  0.5  Cc.  of  hydrochloric  acid,  stearic  acid  will  be  liberated  and  float  as  an  oily 
layer  on  the  surface  of  the  liquid. 

If,  after  filtering  this  liquid  through  a  small  wetted  filter,  all  of  the  zinc  be  pre- 
cipitated by  ammonium  sulphide  T.S.,  the  filtrate  should  leave  no  fixed  residue  on 
evaporation  (absence  of  alkalis,  alkali  earths,  etc.). 
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If  1  Gm.  of  Zinc  Stearate  be  boiled  with  50  Cc.  of  distilled  water  containing  2  Cc. 
of  nitric  acid,  and  filtered  through  a  wetted  filter,  after  thoroughly  washing  the 
precipitate  with  boiling  water,  the  filtrate  and  washings,  when  evaporated  to  dryness 
and  ignited,  should  leave  a  residue  weighing  not  less  than  0.14  Gm.  and  not  more 
than  0.16  Gm. 

Tests  for  Identity. — Given  above. 

Impurities. — Alkalis  and  alkaline  earths  (given  above).  Excess 
of  chlorides.     Details  in  Part  V. 

Assay. — Given  above. 

Remarks. — This  new  official  is  a  combination  of  zinc  stearate  with 
traces  of  zinc  palmitate.  It  is  made  by  treating  a  solution  of  sodium 
stearate  with  a  solution  of  zinc  acetate  or  sulphate,  collecting  the 
precipitate,  and  washing  carefully.  The  sodium  stearate  is  made  by 
treating  stearic  acid  with  a  hot  solution  of  sodium  carbonate. 

The  resulting  white  powder  is  used  for  dusting  purposes,  and  in 
the  form  of  ointment.  A  50  per  cent,  ointment  is  now  official.  (See 
p.  350.) 

ZINCI   SULPHAS.     Zinc  Sulphate. 

ZnSO,  +  7H2O  =  285.41 

It  should  contain,  in  uneffloresced  crystals,  not  less  than  99.5  per  cent,  of  pure 
Zinc  Sulphate  [S02.02Zn  +  7H30]  and  should  be  kept  in  well-stoppered  bottles. 

Colorless,  transparent,  rhombic  crystals,  or  a  granular  crystalline  powder,  with- 
out odor,  and  having  an  astringent,  metallic  taste.     Efflorescent  in  dry  air. 

Completely  soluble  in  0.53  part  of  water  at  25°  C.  (77°  F.)  and  in  0.2  part  of 
boiling  water;  soluble  in  about  3  parts  of  glycerin;  insoluble  in  alcohol. 

When  rapidly  heated  the  salt  melts.  At  a  higher  temperature  it  is  partly  de- 
composed, losing  both  water  and  sulphuric  acid.  When  very  gradually  heated  to 
50°  C.  (122°  F.)  it  loses  5  molecules  of  its  water  of  crystaUization  (31.2  per  cent.) 
without  melting.  At  100°  C.  (212°  F.)  a  sixth  molecule  is  lost,  while  the  last  is 
removed,  with  decomposition  of  the  salt,  at  a  temperature  of  about  240°  C.  (464°  F.). 

Its  aqueous  solution  shows  an  acid  reaction  with  blue  litmus-paper. 

If  1  Gm.  of  Zinc  Sulphate,  in  small  fragments,  be  agitated  for  some  time  with 
10  Cc.  of  alcohol,  the  filtrate  should  not  redden  moistened  blue  litmus-paper  (absence 
of  fr:ee  acid). 

Tests  for  Identity. — See  Zinc  and  Sulphates  in  Part  V. 

Impurities. — Arsenic,  cadmium,  lead,  copper,  excess  of  chloride. 
Details  in  Part  V.     Free  acid,  given  above. 

Remarks. — Zinc  sulphate  (or  white  vitriol)  is  made  on  a  large  scale 
by  roasting  the  ore  zinc  blend  (zinc  sulphide).  The  oxygen  of  the 
air  combines  with  the  heated  zinc  sulphide,  forming  zinc  sulphate, 
as  shown  in  the  following  equation: 

ZnS     +     O,     =     ZnSO,. 

The  sulphate  is  separated  from  the  extraneous  mass  of  silica  and 
other  metals  by  lixiviation  and  is  then  crystallized. 

It  is  also  made  by  treating  zinc  oxide  or  metallic  zinc  with  sulphuric 
acid.  Commercial  zinc  contains  iron  and  other  metals,  and  these 
are  removed  from  the  acid  solution  by  digesting  with  an  excess  of 
zinc,  saturating  the  solution  with  chlorine  gas,  and  then  adding 
precipitated  zinc  carbonate.  The  filtered  solution  is  then  evaporated 
to  drive  off  chlorine  and  to  concentrate  to  the  point  at  which  the 
sulphate  will  begin  to  crystallize. 
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Zinc  sulphate  is  a  very  valuable  astringent,  for  which  purpose  it 
is  given  internally  in  doses  of  from  0.06  to  0.12  Gm.  In  doses  five 
times  as  great  it  is  an  emetic,  and  is  used  considerably  in  evacuating 
the  stomach  in  cases  of  poison.  For  ordinary  purposes  of  emesis  it  is 
too  irritating,  and  ipecac  is  preferable.  Externally,  zinc  sulphate 
solution  is  used  as  an  astringent  wash,  particularly  in  cases  of  gonor- 
rhea. 

Dose. — As  emetic,  1  Gm.  (15  grains). 

ZINCI   VALERAS.     Zinc  Valerate. 

Zn(C5HA)2  +  2H2O  =  301.28 
[ZiNCi  Valerianas,  Pharm.  1890] 

It  should  contain  not  less  than  99  per  cent,  of  pure  Zinc  Valerate  [{CJl^.Q00)2'Ln 
+2H2O]  and  should  be  kept  in  small,  well-stoppered  bottles. 

White,  pearly  scales,  having  the  odor  of  valeric  acid,  and  a  sweetish,  astringent, 
and  metallic  taste.     On  exposure  to  the  air,  it  slowly  loses  valeric  acid. 

Soluble  in  about  50  parts  of  water  and  in  about  35  parts  of  alcohol  at  25°  C.  (77" 
F.);  somewhat  more  soluble  in  absolute  alcohol.  Boiling  renders  the  aqueous  solu- 
tion turbid  from  loss  of  acid  and  formation  of  a  basic  salt. 

When  heated,  the  salt  melts.  At  a  higher  temperature  it  is  decomposed,  giving 
off  inflammable  vapors,  and  finally  leaving  a  residue  of  zinc  oxide. 

Its  aqueous  solution  reddens  blue  litmus-paper. 

If  0.5  Gm.  of  Zinc  Valerate  be  dissolved  m  a  mixture  of  0.5  Cc.  of  hydrochloric 
acid  and  9  Cc.  of  water,  the  valeric  (isovaleric)  acid  will  be  liberated  and  float  as  an  oily 
layer  on  the  surface  of  the  liquid. 

Tests  for  Identity.     Given  above. 

Impurities. ^kr&eniQ,,  cadmium,  lead,  copper,  sulphate,  chloride, 
acetate,  and  butyrate.     Details  in  Part  V. 

Remarks. — Zinc  valerianate  is  one  of  the  two  official  salts  of 
valerianic  acid  (p.  688).  It  may  be  made  by  a  double  decomposition 
between  sodium  valerianate  and  zinc  sulphate. 

Zinc  valerianate  is  a  valuable  nervine  and  antispasmodic. 

Dose. — 125  milligrammes  (2  grains). 

MANGANESE 
Symbol,  Mn.    Atomic  weight,  54.6 

The  chief  ores  of  manganese  are  pyrolusite  (MnOg),  braunite 
(MujOj),  hausmannite  (MugOi),  and  manganese  spar  (MnCOg). 

Manganese  affords  several  official  salts.  A  word  as  to  the  origin  of  its  name, 
which  is  similar  to  another  element,  magnesium,  and  to  the  term  magnet.  In  the 
days  of  Pliny,  at  the  beginning  of  the  Christian  era,  three  products  bearing  the  name 
magnesia  were  known,  all  coming  either  from  the  province  of  Magnesia,  on  the  borders 
of  Macedonia,  or  from  the  country  around  the  city  of  Magnesia  in  Asia  Minor. 
Pliny  describes  all  three.  One  was  white  (our  present  magnesium  carbonate),  one 
was  black  and  attracted  iron  (magnetic  iron  ore),  while  a  third  was  brown  and  was 
used  in  glass  making  (manganese  dioxide).  That  form  attracting  iron  was  rechris- 
tened  magnet  before  the  days  of  Avicenna  (a.  d.  980-1037),  for  in  his  medical  writings 
we  find  a  chapter  on  magnets,  entitled  "de  Magnete."  The  distinction  in  the  name 
manganese  and  magnesium  was  not  made  until  the  beginning  of  last  century,  after 
both  elements  had  been  isolated. 

Manganese  is  obtained  by  the  reduction  of  the  oxide  with  charcoal 
at  red  heat. 
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It  is  a  gray-white,  hard  metal,  having  the  specific  gravity  of  7.2. 
It  is,  like  zinc,  comparatively  stable  in  air,  although  it  does  oxidize 
in  moist  air,  and  more  quickly  when  immersed  in  water. 

Manganese  is  an  element  whose  valence  shows  interesting  varia- 
tion. In  manganese  sulphate,  MnS04,  its  valence  seems  to  be  ii; 
in  manganese  dioxide,  MnOj,  the  valence  of  the  metal  is  iv — 

=0 

=0, 

while  in  potassium  permanganate,   KMn04,   manganese  shows  the 
valence  vii;  the  graphic  formula  of  the  compound  being — 

-OK 
=  =0 
=  =0 
=  =0. 

Manganese,  like  zinc,  seems  to  occupy  a  position  between  the 
non-metallic  and  the  metallic  elements.  It  has  been  shown  that  when 
zinc  is  combined  with  strong  alkalis,  zincates  are  formed,  the  zinc 
hydrate  in  that  case  acting  as  an  acid.  Still  more  striking  is  the  case 
with  manganese  oxides,  particularly  those  showing  the  valence  vi 
and  VII,  permanganic  acid,  HMnO^,  being  as  distinctly  acid  as  is 
perchloric  acid  (HCIO^).  Yet  the  manganese  with  lower  valence  has 
basic  properties,  and  when  the  metal  is  treated  with  acid,  it  yields  a 
manganese  salt  in  which  the  element  shows  the  valence  ii. 

Tests. — Manganese  is  interesting  to  the  chemist  as  affording  a 
large  variety  of  very  beautiful  tests.  When  a  soluble  salt  of  manga- 
nese is  treated  with  ammonium  sulphide  solution,  a  flesh-colored 
precipitate  of  manganese  sulphide  is  produced.  This  precipitate  is 
notable  as  the  only  flesh-colored  sulphide.  If  a  trace  of  manganese 
salt  is  added  to  a  borax  bead  (see  p.  985),  a  beautiful  amethyst  color 
is  transmitted  to  the  same.  If  any  manganese  salt  is  fused  with  a 
mixture  of  potassium  nitrate  and  sodium  carbonate  on  a  piece  of 
platinum  foil,  green  sodium  or  potassium  manganate  is  formed,  as 
shown  in  the  following  typical  equation: 

MnO^     +     Na^COa     +     KNO3     =     KNO^     +     CO^     +     Na^MnO,. 

If  this  green  manganate  be  boiled  with  water,  a  pink  solution  of 
the  permanganate  is  formed  by  the  following  reaction: 

SKjMnO,     +     2H2O     =     2KMnO,     +     MnO^     +     4K0H. 

Crum's  test  also  exhibits  the  same  purple  color,  due  to  permanganic 
acid.  It  is  as  follows:  if  a  manganese  salt  is  treated  with  plumbic 
oxide  and  nitric  acid,  permanganic  acid  is  formed,  as  shown  in  the 
following  equation: 

2MnS0,    +    SPbOj    +    6HNO3    =    2HMn04    +    2PbS0,    +    SPbCNOa)^    +    2H2O. 

The  same  reaction  occurs  if  red  lead  or  if  litharge  is  used  instead 
of  plumbic  oxide. 
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The  following  compounds  of  manganese  are  official: 

Precipitated  manganese  dioxide.     At  least  80  per  cent,  absolute  MnOj. 
Manganese  hypophosphite.     At  least  97  per  cent,  absolute  Mn(PH302)2  +  HjO. 
Manganese  sulphate.     At  least  99.5  per  cent,  absolute  MnSOi  +  4H20. 

To  which  might  be  added 

Potassium  permanganate,  considered  among  the  potassium  salts. 

MANGANI    DIOXIDUM    PRiECIPITATUM.     Precipitated  Manganese 

Dioxide. 

[To  replace  Mangani  Dioxidum,  Pharm.  1890] 

Chiefly  Manganese  Dioxide  [Mn02  =  86.36]  with  small  amounts  of  other  oxides 
of  manganese,  corresponding  to  not  less  than  80  per  cent,  of  Manganese  Dioxidf . 

Recipe. — Manganese  Sulphate,  -fifty  grammes 50  Gm. 

Ammonia  Water,  two  hundred  and  fifty  cubic  centi- 
meters    250  Cc. 

Solution  of  Hydrogen  Dioxide,  two  hundred  and 

fifty  cubic  centimeters 250  Co. 

Distilled  Water,  a  sufficient  quantity. 

Dissolve  the  Manganese  Sulphate  in  one  thousand  cubic  centimeters  of  Distilled 
Water.  Dilute  the  Ammonia  Water  with  an  equal  volume  of  Distilled  Water,  and 
mix  it  with  the  Solution  of  Hydrogen  Dioxide,  which  has  also  been  diluted  with  an 
equal  volume  of  Distilled  Water.  Pour  the  mixed  solutions  slowly,  with  constant 
stirring,  into  the  solution  of  Manganese  Sulphate.  Allow  the  mixture  to  stand  for 
one  hour,  stirring  frequently.  Tlaen  decant  the  supernatant  clear  liquid  from  the 
precipitate,  and  wash  the  latter  repeatedly  by  affusion  and  decantation  with  hot 
Distilled  Water,  using  one  thousand  cubic  centimeters  each  time.  Collect  the  precipi- 
tate on  a  plain  filter,  and  continue  the  washing  with  hot  Distilled  Water  until  the 
washings  no  longer  have  an  alkaline  reaction  upon  red  litmus-paper  and  produce  no 
turbidity  when  mixed  with  barium  chloride  test  solution.  Allow  the  precipitate 
to  drain,  then  dry  it  at  150°  C.  (302°  F.). 

A  heavy,  very  fine,  black  powder,  without  odor  or  taste;  permanent  in  the  air. 

Insoluble  in  water  or  alcohol.  It  is  not  affected  by  concentrated  sulphuric  acid, 
but  when  heated  with  this  acid  it  is  converted  into  manganous  sulphate,  with  the 
evolution  of  oxygen. 

When  heated  with  hydrochloric  acid,  it  is  converted  into  manganous  chloride, 
with  the  evolution  of  chlorine.  At  a  red  heat  Precipitated  Manganese  Dioxide 
gives  off  oxygen,  and  is  converted  into  reddish-brown  manganoso-manganic  oxide 
(Mn30J. 

On  intimately  mixing  1  part  of  the  Dioxide  with  1  part  of  potassium  hydroxide 
and  1  part  of  potassium  chlorate,  introducing  the  mass  into  a  crucible,  moistening 
with  water,  drying  and  igniting,  a  dark  fused  mass  is  obtained,  which  yields,  with 
water,  a  green  solution,  changing  to  purplish-red  on  being  boiled  or  on  the  addition 
of  diluted  sulphuric  acid. 

If  to  1  Gm.  of  the  Dioxide  and  2  Gm.  of  oxalic  acid,  20  Cc.  of  water  be  added, 
followed  by  3  Cc.  of  sulphuric  acid,  and  the  mixture  digested  for  several  hours  on  a 
water-bath,  complete  solution  should  be  affected  (absence  of  antimony  sulphide  and 
insoluble  substances). 

Tests  for  Identity. — Given  above. 

Impurities. — Antimony  sulphide  and  insoluble  substances.  Given 
above. 

Assay. — Details  in  Part  V. 

Remarks. — This  chemical,  the  recipe  for  the  manufacture  of  which 
is  just  given,  replaces  the  crude  ground  ore,  pyrolusite,  which  was 
recognized  in  the  former  pharmacopoeia.     The  new  official  is  made 
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by  precipitating  manganous  sulphate  with  ammonia  water  in  the 
presence  of  hydrogen  dioxide  solution.  Were  manganous  sulphate 
precipitated  with  ammonia  water  alone,  manganous  oxide  (MnO) 
would  result;  hence  the  use  of  the  oxidizing  agent,  hydrogen  dioxide. 

Precipitated  manganese  dioxide  is  used  for  anemia,  particularly 
that  form  which  comes  from  female  complaints.  It  is  administered 
preferably  by  filling  capsules  with  the  prescribed  amount  of  the 
binoxide   in   fine   powder. 

Dose. — 250  milligrammes  (4  grains). 

MANGANI  HYPOPHOSPHIS.     Manganese  Hypophosphite. 

Mn(PHA)2  +  HjO  =  201.54 

It  should  contain  not  less  than  97  per  cent,  of  pure  Manganous  Hypophosphite 
[(PH^O.O)2Mn  +  H20]  and  be  kept  in  well-stoppered  vials. 

A  pink  crystalline  powder,  odorless,  and  nearly  tasteless;  permanent  in  the  air. 

Soluble  in  6.6  parts  of  water  at  25°  C.  (77°  F.)  and  in  6  parts  of  boiling  water; 
almost  insoluble  in  alcohol. 

The  aqueous  solution  of  the  salt  (1  in  20)  is  neutral  to  litmus-paper,  and  yields, 
with  ammonium  sulphide  T.S.,  a  salmon-colored  precipitate  of  manganese  sulphide, 
soluble  in  acetic  acid. 

Tests  for  Identity. — See  Manganese  and  Hypophosphites  in  Part  V. 

Impurities. — Carbonate,  phosphate,  calcium,  and  arsenic.  Details 
in  Part  V. 

Remarks. — This  new  official  is  made  by  mixing  a  solution  of  man- 
ganese oxalate  with  a  solution  of  calcium  hypophosphite  and  evapo- 
rating the  filtrate  on  a  water-bath  to  a  granular  powder. 

It  is  a  constituent  of  the  new  official  preparation,  compound  syrup 
of  hypophosphites,  and  is  used  as  a  tonic. 

Dose. — 20  milligrammes  (3  grains). 

MANGANI   SULPHAS.     Manganese  Sulphate. 

MnSO,-F  4H2O  =  221.47 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Manganous  Sulphate 
[S02.02Mn  +  4H20]  and  should  be  kept  in  well-stoppered  bottles. 

Colorless,  or  pale  rose-colored,  translucent,  tetragonal  prisms  (crystallized  at  a 
temperature  between  20°  and  30°  C.  (68°  and  86°  F.),  and  containing  4  molecules, 
or  32.29  per  cent,  of  water  of  crystallization);  odorless  and  having  a  slightly  bitter 
and  astringent  taste.     Slightly  efflorescent  in  the  air. 

Soluble  in  about  0.7  part  of  water  at  25°  C.  (77°  F.)  and  in  0.53  part  of  boiling 
water;  insoluble  in  alcohol. 

The  aqueous  solution  (1  in  20)  is  neutral  or  very  slightly  acid  to  litmus-paper. 

If  the  manganese  be  completely  precipitated  from  an  aqueous  solution  of  3  Gm. 
of  the  salt  by  the  addition  of  ammonium  carbonate  T.S.,  the  filtrate,  on  evaporation 
and  gentle  ignition,  should  leave  no  weighable  residue  (absence  of  salts  of  the  alkalis, 
and  of  magnesium). 

If  1  Gm.  of  the  salt  be  gently  ignited,  in  a  porcelain  crucible,  it  should  lose  not 
more  than  0.323  Gm.  of  its  weight  (distinction  from  Manganese  Sulphate  containing 
a  larger  amount  of  water  of  crystallization). 

Tests  for  Identity. — See  Manganese  and  Sulphates  in  Part  V. 

Impurities. — Iron,  heavy  metals,  and  zinc.  Details  in  Part  V. 
Salts  of  alkalis  and  of  magnesium,  excess  of  water  of  crystallization. 
Details  given  above. 

Remarks. — This   salt   is   produced   by   treating  the   binoxide   of 
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manganese  with  carbon  at  red  heat,  whereby  it  is  reduced  to  man- 
ganous  oxide,  MnO,  as  shown  in  the  following  equation: 

2Mn02     +     C     =     CO,     +     2MnO. 

The  manganous  oxide  is  made  into  paste  with  sulphuric  acid  and 
heated  to  redness,  when  manganese  sulphate  is  formed,  as  shown  in 
the  following  equation: 

MnO     +     H,SO«     =     H,0     +     MnSO,, 

and  goes  into  solution  and  is  purified  by  crystallization. 

The  sulphate  and  the  hypophosphite  of  manganese  are  easy  to 
recognize  because  they  are  the  only  ofl&cial  salts  occurring  in  rose- 
colored  crystals. 

Manganese  sulphate  is  used  as  a  tonic,  similar  to  the  iron  prepara- 
tion, and  is  also  used  for  gout. 

Dose. — 250  milligrammes  (4  grains). 

POTASSII   PERMANGANAS.     Potassium  Permanganate. 

This  salt  has  been  considered  under  the  potassium  compounds 
(see  p.  451),  so  here  we  need  only  again  call  attention  to  the  synonym, 
mineral  chameleon,  it  being  so  called  because  of  the  changes  in  tint 
which  the  permanganate  exhibits  under  treatment  with  various 
reagents. 

COBALT  AND  NICKEL 

As  neither  of  these  metals,  nor  any  of  their  compounds,  is  recognized  by  the 
pharmacopoeia,  they  can  be  briefly  considered  together. 

Cobalt,  so  called  from  the  German  Kobold,  because  the  miners  working  in  cobalt 
ores  found  the  same  difficult  to  extract,  and  attributed  this  difficulty  to  the  influence 
of  the  kobolds,  mischievous  imps  supposed  to  inhabit  mines,  occurs  in  the  form  of  a 
silvery  metal,  but  little  used  in  the  arts.  Of  its  compounds,  the  silicate  is  of  a  strik- 
ing blue  color,  and  is  used  in  painting  and  decorating  under  the  name  of  smaJt;  the 
chloride,  CoClj,  occurs  in  the  form  of  pink  crystals,  which  comparatively  easily 
effloresce  and  in  so  doing  will  change  to  a  blue  tint.  For  this  reason  the  solution  of 
cobalt  chloride  has  been  suggested  for  invisible  ink  or  sympathetic  ink,  the  writing 
appearing  practically  colorless  until  heated,  when  the  effloresced  salt  develops  itself 
in  blue  tracery.  It  is  also  used  in  the  manufacture  of  cheap  paper  barometers, 
consisting  of  bibulous  paper  dipped  into  a  solution  of  cobalt  chloride  and  dried. 
In  moist  weather  this  paper  appears  to  be  pink,  whereas  on  drying  it  becomes  blue 
through  the  efflorescence  of  the  salt. 

Metallic  nickel,  on  the  other  hand,  is  very  largely  used.  It  is  of  value  for  cooking 
utensils,  although  for  this  purpose  it  is  somewhat  costly,  while  the  use  of  nickel  coins 
is  so  extended  as  to  require  no  additional  comment.  The  coating  of  utensils  with 
the  metal  by  electric  deposition  (nickel-plating)  is  also  well  known,  nickel  being  used 
in  such  cases  because  it  does  not  easily  tarnish. 

A  valuable  alloy  of  nickel  is  German  silver.  This  consists  of  50  per  cent,  of  copper 
and  25  per  cent,  each  of  zinc  and  of  nickel.  This  alloy  possesses  a  silvery  tint,  and 
was  formerly  largely  used  as  the  metallic  trimming  of  glass  show-cases. 

German  silver  is  the  first  alloy  to  which  we  have  referred,  and  it  might  be  here 
stated  that  by  an  alloy  we  mean  a  solution  of  several  metals  with  each  other  while  in 
a  fused  state.  Such  alloys  frequently  possess  valuable  properties  not  shown  by  their 
constituents,  and  many  alloys  of  great  value  will  be  discussed  on  later  pages. 
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CHAPTER  XXX 
ALUMINUM,  CERIUM,  AND  CHROMIUM 

In  the  last  chapter  (p.  517)  it  was  stated  that  the  third  and  fourth 
groups  into  which  the  metals  are  divided  in  analytic  chemistry- 
include  all  those  elements  precipitated  from  alkaline  solution  by 
ammonium  sulphide. 

It  was  also  learned  that  the  third  group  were  those  elements  whose 
hydrates  redissolved  in  excess  of  ammonium  hydrate;  while  the 
hydrates  of  the  fourth  group,  aluminum,  iron,  cerium,  and  chromium, 
did  not  dissolve  in  ammonia  water.  These  four  metals  form,  even  as 
did  the  metals  discussed  in  the  last  chapter,  a  group  that  should  be 
included  in  one  chapter.  Since,  however,  the  compounds  of  iron  used 
in  medicine  are  so  numerous  and  valuable,  it  is  deemed  best  to  consider 
these  in  a  special  chapter,  leaving  aluminum,  cerium,  and  chromium 
to  be  discussed  in  this  chapter. 

ALUMINUM 
Symbol,  Al.     Atomic  weight,  approximately  27. 

Aluminum  is  one  of  the  most  widely  distributed  of  metals,  being 
found  in  the  form  of  silicate  in  clay,  which  is  one  of  the  most  abundant 
constituents  of  the  earth's  crust.  A  rare  and  valuable  form  of  the 
silicate  is  sodio-aluminum  sulphosilicate,  the  precious  mineral, 
lapis  lazuli,  while  among  the  oxides  of  aluminum  are  found  several 
of  the  most  valuable  precious  stones,  such  as  ruby  (which,  next  to 
diamond,  is  the  hardest  of  minerals)  and  sapphire.  The  color  of 
the  ruby  is  due  to  a  trace  of  chromium,  while  the  sapphire  is  t  nted 
with  cobalt.  Emerald  is  a  silicate  of  aluminum  and  beryllium,  with 
a  trace  of  chromium  sesquioxide  (CrgOg).  Emery  is  a  native  granular 
form  of  aluminum  oxide. 

While  the  salts  of  aluminum,  especially  alum,  have  been  known 
from  ancient  times,  the  metal  was  first  isolated  by  Friedrich  Wohler, 
in  1827,  by  heating  aluminum  chloride  with  metallic  potassium  in  a 
well-closed  crucible. 

Wohler  soon  found  he  could  obtain  the  same  results  by  the  use  of 
the  cheaper  metal,  sodium.  Ever  since  its  isolation  by  Wohler,  efforts 
have  been  made  to  devise  a  cheap  process  of  manufacture,  since  its 
lightness,  toughness,  and,  above  all,  its  disinclination  to  oxidize — to 
rust,  as  iron  does — gave  promise  of  its  great  value  in  the  arts. 

Metallic  potassium  and  sodium  are  costly  metals;  hence  aluminum 
so  separated  could  never  compete,  in  price,  with  iron.  Experiments 
in  this  direction,  however,  especially  those  performed  under  the 
patronage  of  Louis  Napoleon,  while  emperor,  led  to  the  methods  of 
extraction  of  the  metals  sodium  and  potassium,  devised  by  St.  Clair 
Deville,  and  a  marked  reduction  in  the  price  of  these  metals. 

Aluminum,  one  of  the  most  abundant  of  elements,  found  in  the 
very  rocks  and  clay  beneath  our  feet,  is  also  one  of  the  most  difficult 
to  isolate,  and  it  was  not  until  1886 — over  half  a  century  after  its 
first  isolation  by  Wohler — that  a  cheap  method  of  obtaining  the  metal 
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was  devised,  and  that  by  two  Americans — Messrs.  Cowles,  of  Cleveland. 
This   method   is   by   electrolysis. 

Already,  on  p.  366,  we  learned  that  molten  salt,  when  acted  upon 
by  an  electric  current,  is  so  decomposed  that  the  positive  element, 
sodium,  goes  to  the  negative  pole,  while  the  negative,  chlorine,  goes 
to  the  positive  pole,  of  the  battery.  This  process  Messrs.  Cowles 
applied  to  the  separation  of  aluminum  from  its  oxide,  emery,  and  that 
on  a  large  scale.  The  process  operates  on  the  same  principle  as  an 
electric  arc-light,  which  is  produced  by  passing  a  powerful  current  of 
electricity  through  carbon  rods  representing  the  positive  and  negative 
poles  of  the  battery  or  dynamo.  In  the  Cowles'  process  a  powerful 
current  is  run  through  two  bundles  of  carbon  rods  several  feet  long, 
plunged  in  a  mixture  of  emery  and  coke.  The  great  heat  produces  a 
fusion  of  the  oxide,  which  is  decomposed  by  the  current  into  the 
metal.  The  metal  thus  obtained  is  quite  impure,  and  this  process  is 
now  used  chiefly  for  making  alloys  of  aluminum,  such  as  those  with 
copper.  For  obtaining  the  pure  metal,  the  Heroult  process  and  the 
Hall  process  are  employed.  These  processes  were  introduced  about  the 
same  time,  and  are  almost  identical;  in  both  cases  a  mixture  of  cryolite 
and  aluminum  oxide  are  fused,  extra  aluminum  oxide  being  added  from 
time  to  time  to  make  up  for  that  removed  as  the  metal,  thus  making 
the  process  practically  continuous. 

Regardless  of  the  present  value  of  the  Cowles'  process,  the  fact 
remains  that  their  discovery  revolutionized  the  aluminum  industry 
by  bringing  the  price  of  the  metal  to  a  figure  permitting  its  general 
use.  To  Americans  the  Cowles'  discovery  should  be  a  matter  of 
peculiar  satisfaction,  inasmuch  as  through  it  the  center  of  aluminum 
production  was  shifted  from  Germany  and  Switzerland  to  America. 

The  following  table,  as  to  reduction  in  price  of  aluminum,  can  be  best  under- 
stood if  one  remembers  that  a  kilo  is  2^  pounds  and  a  franc  is  20  cents;  that  the 
decrease  in  market  price  between  1855  and  1856  was  due  to  the  introduction  of.  the 
St.  Clair  Deville  process  for  making  cheap  sodium;  while  the  fall  in  price  between 
1886  and  1890  was  due  to  the  introduction  of  the  Cowles'  process. 

The  other  reductions  are  in  natural  sequence  to  the  gradual  improvements  to 
these  two  important  processes. 

Market  Price  per  Kilogramme  op  Aluminum 
1855— 1250  francs.  1886— 125  francs.  1891—6       francs. 

1856—  375      "  1890—  19      "  1895—4 

1857—  300     "  1898—2.70      " 

Aluminum  Production  (Amounts  in  Kilos) 

Yeah.  United  States,  England,  and  France.  Germany  and  Switzerland. 

1885 3000  10,292 

United  States.  England.  France.  Switzerland. 

1890 27,000  70,000  37,000  40,538 

1891 1,800,000  300,000  500,000  800,000 

1898 2,358,000  300,000  500,000  800,000 

It  will  be  noted  that,  while  the  world's  output  of  aluminum  in  1885  was  13,292 
kilos,  by  1898  its  increase  was  so  enormous  that  the  production  was  3,958,704  kilos. 

Aluminum  is  a  bright,  silvery  metal,  having  the  specific  gravity 
of  2.7.  It  is  not  easily  oxidized,  and  on  account  of  its  comparative 
toughness  and  great  lightness  it  was  expected  to  play  an  important 
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r61e  in  our  metallic  industries.  Enthusiasts  even  predicted  the 
eventual  substitution  of  aluminum  for  iron  in  much  structural  work. 
Experience,  however,  has  not  substantiated  the  claims  of  the  friends 
of  aluminum,  it  being  found  that  the  tensile  strength  of  aluminum  was 
quite  low.  When  worn,  it  becomes  decidedly  brittle.  It  was  also 
hoped  that  aluminum  would  be  of  considerable  service  in  chemical 
utensils  where  platinum  must  now  be  used,  such  as  in  distillations. 
This,  however,  was  not  borne  out  by  facts.  Therefore  the  chief  use 
of  aluminum  at  the  present  time  is  for  trinkets  and  ornaments,  and, 
to  a  certain  extent,  for  cooking  utensils,  its  lightness  rendering  them 
far  preferable  to  those  made  of  iron.  It  is  also  a  constituent  of  many 
valuable  alloys,  such  as  aluminum  bronze,  while  almost  all  fine 
analytic  balances  have  beams  of  aluminum. 

Tests. — The  tests  for  aluminum  are,  first  of  all,  the  white  precipitate 
obtained  by  treating  a  soluble  aluminum  salt  with  ammonium  sul- 
phide, the  precipitate  in  this  case,  however,  not  being  aluminum 
sulphide,  but  aluminum  hydroxide.  A  similar  precipitate  of  the 
flocculent  hydroxide  is  obtained  by  treating  an  aluminum  salt  with 
any  soluble  hydroxide.  The  behavior  of  this  hydroxide  with  the 
reagent,  however,  differs  if  sodium  or  potassium  hydroxide  is  used, 
on  the  one  hand,  or  ammonium  hydrate,  on  the  other,  the  precipi- 
tate redissolving  with  an  excess  of  potassium  or  sodium  hydroxide, 
with  the  formation  of  the  aluminates  of  sodium  and  potassium, 
Al(0Na)3  or  A1(0K)3.  The  composition  of  these  aluminates  is  dis- 
cussed in  the  chapter  on  Sodium  (p.  463).  On  the  other  hand, 
aluminum  hydroxide  does  not  redissolve  in  an  excess  of  ammonia 
water. 

Aluminum  is  the  first  metal  we  have  studied  having  the  valence 
III;  hence  it  is  well  to  consider  its  combinations.  One  atom  replaces 
three  atoms  of  hydrogen  in  an  acid,  as  shown  by  the  graphic  formulas 
giyen  below: 


AI;-»  A|:i  Al 
Al- »  Al 


^=0  ^  =  S0,  AUSOJ3 

=  =so. 


A1,0,  AlCl, 


^2'-'3 


Aluminum  Aluminum  Aluminum  sulphate, 

oxide.  chloride. 

It  will  be  noticed  in  the  graphic  formula  of  aluminum  sulphate 
given  above  that  the  SO4  group  is  represented  as  attaching  itself  to 
the  aluminum  atom  with  two  bonds.  That  is,  if  two  atoms  of  hydro- 
gen are  removed  from  H2SO4,  we  have  a  radicle,  SO4,  with  two  free 
bonds,  viz. 

-O— 
-O— 
1=0 
=0 


s 
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As  these  two  free  bonds  act  exactly  as  any  other  free  bonds,  the 
SO4  group  in  formula-writing  can  be  considered  exactly  as  we  consider 
an  oxygen  atom  with  its  two  bonds. 

It  should  be  stated  in  passing  that  many  modern  chemists  think 
that  all  aluminum  compounds  contain  two  atoms  of  that  element 
exhibiting  the  valence  vi,  and  that  the  formula  of  aluminum  chloride 
is  not  AICI3,  given  above,  but  AlgCle-  This  idea  is  based  on  the 
molecular  weight  estimations,  for  while  AICI3  would  mean  molecular 
weight  133.5,  the  estimations  give  figures  much  nearer  267.  The 
double  formula,  AlaClg,  is  explained  as  is  the  formula  FejClg,  which 
will  be  considered  in  the  next  chapter  (p.  548). 

The  following  compounds  of  aluminum  are  official: 

Alum.     At  least  99  per  cent,  absolute  A1K(S0J2  +  I2H2O. 

Exsiccated  alum.     At  least  99  per  cent,  absolute  A1K(S04)2. 

Aluminum  hydroxide.     (No  purity  rubric.)     A1(0H)3. 

Aluminum  sulphate.     At  least  99.5  per  cent,  absolute  AljCSOJg  +  IGHjO. 

Kaolin.     The  purified  ore.     HjAljSaOg  +  HjO. 

Cataplasm  of  kaolin.     A  pharmaceutical. 

ALUMEN.     Alum. 

AlKCSOJa  +  I2H2O  =  471.02 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Aluminum  and  Potassium 
Sulphate. 

Large,  colorless,  octahedral  crystals,  sometimes  modified  by  cubes,  or  in  crys- 
talline fragments;  without  odor,  but  having  a  sweetish  and  strongly  astringent  taste. 

Soluble  in  9  parts  of  water  at  25°  C.  (77°  F.)  and  in  0.3  part  of  boiling  water; 
it  is  also  freely  soluble  in  warm  glycerin,  but  insoluble  in  alcohol. 

When  gradually  heated  it  loses  water;  at  92°  C.  (197.6°  F.)  it  fuses,  and  if 
the  heat  be  gradually  increased  to  200°  C.  (392°  F.)  it  loses  all  of  its  water  of  crys- 
tallization (45.55  per  cent,  of  its  weight),  leaving  a  voluminous,  white  residue  (see 
Alumen  Exsiccaium). 

An  aqueous  solution  of  Alum  has  an  acid  reaction  upon  blue  litmus-paper. 

Tests  for  Identity. — See  Aluminum,  Potassium,  and  Sulphates  in 
Part  V. 

Impurities. — Ammonia  alum,  heavy  metals,  and  excess  of  iron. 
Details  in  Part  V. 

Remarks. — The  present  pharmacopoeia  gives  the  symbolic  formula 
of  alum  as  A1K(S04)2+12H20,  instead  of  the  time-honored  formula 
K2Al2(SOj4-j-24H20.  Since  the  latter  more  clearly  explains  the 
composition  of  alum,  we  will  use  it  in  the  following  discussion. 

At  first  glance,  the  symbolic  formula,  K2Al2(S04)4-f24H20,  seems 
exceedingly  complicated,  but  viewed  in  the  light  of  the  pharmacopceial 
synonym — aluminum  and  potassium  sulphate — it  becomes  simplified. 
What  is  aluminum  sulphate?  We  have  just  learned  above  that  it 
is  Al2(S04)3.  And  potassium  sulphate?  This  is  derived  from  sul- 
phuric acid,  H2SO4,  by  replacing  its  two  hydrogen  atoms  with  two 
atoms  of  the  univalent  element,  potassium: 

Hence,  K,S04, 

If  we  add  to  this  aluminum  sulphate,      Al2(S04), 

We  get  Al2K3(SO,)„ 

and  if  we  crystallize  this  with  24  molecules  of  water  of  crystallization, 
we  have  the  formula  K2Al2(S04)4  +  24H20. 
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The  reason  that  this  is  not  written  Al2(S04)3K2S04  +  24H20  is 
because  the  union  between  the  sulphate  of  aluminum  and  potassium 
is  stronger  than  a  mere  physical  mixture.  While  not  fully  proved, 
we  believe  that  there  exists  between  the  two  salts  a  chemical  relation- 
ship, somewhat  akin  to  that  between  a  salt  and  its  water  of  crystalliza- 
tion. Official  alum  is  not  the  only  substance  known  by  that  name. 
For  the  official  alum  the  cheaper  ammonia  alum  is  sometimes  sub- 
stituted. 

This  ammonia  alum  was  the  "alumen"  of  the  pharmacopoeia  of 
1870,  but  was  replaced  in  the  pharmacopoeia  of  1880  by  the  potassa 
alum.  A  decade  since  ammonia  alum  was  often  furnished  on  orders 
for  official  alum,  but  at  the  present  time  it  is  very  rarely  furnished 
by  wholesale  druggists,  though  large  quantities  are  still  used  in  the 
arts,  since  cheaper  than  potassa  alum. 

Let  us  compare  the  formula  of  these  two  alums,  representing  them 
as  broken  into  the  sulphates  of  the  two  metals: 

Potassium  alum  is KjSO.AljCSOJj  +  24H2O. 

Ammonium  alum  is. . . .  (NHJ^SO.Al^CSOJa  +  24HjO. 

The  only  difference  between  these  two  is  that  in  one  we  have 
potassium  sulphate;  in  the  other,  we  find  ammonium  sulphate,  each 
being  combined  with  aluminum  sulphate  and  with  24  molecules  of 
water  of  crystallization. 

When  we  closely  consider  the  two  formulas  just  given,  we  find  that 
each  represents  one  molecule  of  the  sulphate  of  a  univalent  element, 
one  molecule  of  a  sulphate  of  a  trivalent  element,  and  24  molecules 
of  water  of  crystallization.  We  have  seen  that  the  univalent  element 
or  radicle  can  be  changed;  for  in  the  two  alums  just  mentioned  one 
contained  potassium  sulphate,  the  other  ammonium  sulphate.  In 
like  manner  we  can  make  a  sodium  alum  of  the  formula  Na2S04Al2- 
(804)3  +  241120.  We  have  changed  the  univalent  element  or  radicle 
three  times.  Can  we  thus  change  the  trivalent  element?  Most 
assuredly,  replacing  aluminum  by  the  trivalent  elements,  iron,  man- 
ganese, or  chromium,  getting  such  compounds  as: 

Kj  SO4  AI2  (SOJs  +  24H2O Potassium  alum. 

K2  SO4  Fe^  (S0,)3  +  24H2O "        ferric  alum. 

Kj  SO4  Mnj  (804)3  +  24H2O "        manganese  alum. 

K2  SO4  Cr^  (804)3  +  24H2O "        chromium  alum. 

(NHi)^  SO4  AI2  (804)3  +  24H2O Ammonium  alum. 

(NH4)2  SO4  Fe^  (804)3  +  24H2O "         ferric  alum. 

The  last  of  these  is  official  as  ferric  alum. 

We  see  how  many  alums  can  be  produced;  hence  the  only  general 
definition  of  an  alum  that  can  be  given  is  that  mentioned  above: 
"the  combination  of  one  molecule  of  the  sulphate  of  a  univalent 
element  or  radicle,  with  one  molecule  of  the  sulphate  of  a  trivalent 
element  or  radicle,  and  with  24  molecules  of  water  of  crystallization." 
Not  only  do  all  alums  crystallize  with  the  same  proportion  of  water, 
but  also  their  crystal  shapes  are  the  same — in  other  words,  they  are 
isomorphous. 

Alum  has  been  made  for  centuries  from  certain  ores  of  aluminum, 
particularly   alum   shale.     This   is   a  form   of   clay   containing  iron 
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pyrites  (FeSj),  and  on  letting  the  ore  stand  exposed  to  the  elements 
for  one  to  two  years,  the  ferrous  sulphite  is  changed  to  ferrous  sulphate, 
ferric  subsulphate,  and  free  sulphuric  acid,  and  the  latter  in  turn 
reacts  with  the  clay  (aluminum  silicate)  to  form  aluminum  sulphate. 
Roasting  the  ore  after  standing  effects  the  liberation  of  more  sulphuric 
acid  from  the  iron  sulphates,  and  the  roasted  mass  on  lixiviation 
yields  a  solution  of  aluminum  sulphate  contaminated  with  more  or 
less  iron.  Various  methods  are  employed  in  removing  the  iron, 
such  as  long  standing  of  the  solution  exposed  to  the  air,  when  the  iron 
precipitates  as  ferric  oxide;  placing  pieces  of  iron  in  the  solution, 
which  converts  all  the  dissolved  iron  into  ferrous  sulphate,  which  is 
separated  from  the  aluminum  sulphate  by  fractional  crystallization. 

The  concentrated  and  pure  aluminum  sulphate  solution  is  then 
mixed  with  potassium  chloride  or  sulphate,  and  at  the  proper  degree 
of  concentration  crystals  of  alum  begin  to  separate. 

Potassium  chloride  is  used  because  more  abundant  than  potassium 
sulphate,  and  when  mixed  with  aluminum  sulphate  solution,  yields 
a  double  sulphate  of  potassium  and  aluminum,  as  shown  in  the 
following  equation: 

4A12(S0J3   +   6Ka   =   SKjAl^CSOJ,   +   Al^Cle- 

Alum  is  also  made  on  a  large  scale  by  treating  the  aluminum 
hydroxide,  which  is  a  side-product  in  the  cryolite  process  (p.  462), 
with  sulphuric  acid. 

Alum  is  a  valuable  astringent,  either  internally  or  else  externally 
in  the  form  of  a  wash. 

Dose. — 500  milligrammes  (7^  grains). 

ALUMEN  EXSICCATUM.     Exsiccated  Alum. 

Recipe  and  details  of  manufacture  in  Part  VII. 

Remarks. — This  official  is  obtained  by  the  exsiccation  of  crys- 
tallized alum,  100  parts  of  the  crystal  yielding  55  parts  of  the  dried 
alum.     (See  p.  1101.\ 

Exsiccated  alum  is  used  as  a  mild  escharotic  under  the  name  of 
burnt  alum,  being  particularly  efficacious  for  the  removal  of  that 
form  of  morbid  growth  developing  in  an  open  sore  called  proud  flesh. 
It  is  very  rarely  given  internally. 

ALUMINI  HYDROXIDUM.     Aluminum  Hydroxide. 

[Alumini  Htdras,  Pharm,  1890] 

Recipe. — Altim,  one  hundred  grammes 100  6m. 

Monohydrated    Sodium    Carbonate,    forty-three 

grammes 43  Gm. 

Water,  a  sufficient  quantity. 

Dissolve  each  salt  separately  in  one  thousand  cubic  centimeters  of  Water,  filter 
the  solutions  and  heat  them  to  boiling.  Then  having  poured  the  hot  solution  of 
Monohydrated  Sodium  Carbonate  into  a  capacious  vessel,  gradually  pour  in  the  hot 
solution  of  Alum  with  constant  stirring,  and  add  two  thousand  cubic  centimeters  of 
boiling  Water.  Allow  the  precipitate  to  subside,  decant  the  clear  liquid,  and  pour 
upon  the  precipitate  two  thousand  cubic  centimeters  of  hot  Water.  Again  decant, 
transfer  the  precipitate  to  a  strainer,  and  wash  it  with  hot  Water  until  the  washings 
produce  not  more  than  a  faint  cloudiness  with  barium  chloride  T.  S.     Then  allow  it 
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to  drain,  dry  it  at  a  temperature  not  exceeding  40  °C.  (104''F.),  and  reduce  it  to  a 
uniformly  fine  powder. 

A  white,  light,  amorphous  powder,  odorless  and  tasteless,  and  permanent  in  dry 
air. 

Insoluble  in  water  or  alcohol,  but  completely  soluble  in  hydrochloric  or  sul- 
phuric acid,  and  also  in  potassium  hydroxide  T.S. 

When  heated  to  redness,  it  loses  about  34  per  cent,  of  its  weight. 

If  1  Gm.  of  the  salt  be  boiled  with  20  Cc.  of  distilled  water,  and  the  liquid  filtered, 
the  filtrate  should  not  have  an  alkaline  reaction,  and  on  evaporation  should  have  a 
residue  weighing  not  more  than  0.005  Gm.  (limit  of  alkali  salts). 

Tests  for  Identity. — Given  above. 

Impurities. — Excess  of  iron,  sulphate,  and  heavy  metals.  Details 
in  Part  V.     Excess  of  alkali  salts,  see  above. 

Remarks. — Aluminum  hydroxide  is  made  by  adding  a  solution  of 
alum  to  a  solution  of  sodium  carbonate.  This  may  at  first  produce 
aluminum  carbonate,  but  if  such  is  the  case,  it  is  only  for  an  instant, 
the  carbonate  decomposing  with  the  evolution  of  carbon  dioxide, 
forming  a  precipitate  of  aluminum  hydroxide.  In  preparing  aluminum 
hydroxide  it  is  important  that  the  alum  solution  be  added  to  the 
sodium  carbonate  solution,  and  not  the  reverse  method,  as  in  the 
latter  case  the  hydroxide  will  be  contaminated  with  alkaline  sulphates. 

A  point  of  importance  in  the  manufacture  of  chemicals  by  pre- 
cipitation is  this  very  question  of  which  chemical  solution  should  be 
added  to  the  other.  The  pharmacist,  therefore,  should  carefully 
consult  the  best  authorities  before  attempting  such  a  precipitation, 
as  it  frequently  happens  that  while  the  product  yielded  by  one  method 
is  perfectly  pure,  that  yielded  by  the  reverse  process  is  practically 
worthless. 

One  of  the  most  interesting  things  in  connection  with  aluminum 
hydroxide  is  its  vast  capacity  for  water,  a  fresh,  well-drained  magma 
of  aluminum  hydroxide  containing  no  less  than  95  per  cent,  of  water. 

Aluminum  hydroxide  is  a  valuable  absorbent,  and  therefore  useful 
in  dusting-powders. 

ALUMINI  SULPHAS.    Aluminum  Sulphate. 

AlaCSOJa  +  I6H2O  =  625.93 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Aluminum  Sulphate. 

A  white,  crystalline  powder,  or  shining  plates,  or  crystalline  fragments;  without 
odor,  having  a  sweetish  and  afterward  an  astringent  taste,  and  permanent  in  the  air. 

Soluble  in  1  part  of  water  at  25°  C.  (77°  F.),  more  soluble  m  boiling  water,  but 
insoluble  in  alcohol. 

When  gradually  heated  to  about  200°  C.  (392°  F.)  it  loses  its  water  of  crys- 
tallization (45.7  per  cent,  of  its  weight). 

The  aqueous  solution  of  the  salt  has  an  acid  reaction  upon  blue  litmus-paper. 

A  filtered,  aqueous  solution  of  the  salt  (1  in  10)  should  not  become  more  than 
faintly  opalescent  within  five  minutes  after  the  addition  of  an  equal  volume  of  tenth- 
normal sodium  thiosulphate  V.S.  (limit  of  free  acid). 

Tests  for  Identity. — See  Aluminum  and  Sulphates  in  Part  V. 

Impurities. — Ammonia,  heavy  metals,  excess  of  iron.  Details 
in  Part  V.     Excess  of  free  acid,  see  above. 

Remarks. — This  official  is  prepared  by  dissolving  moist  aluminum 
hydroxide  in  diluted  sulphuric  acid,  and  granulation  of  the  salt  by 
evaporation  of  the  solution. 
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Aluminum  sulphate  is  used  internally  as  an  antiseptic,  but  chiefly 
externally  as  an  astringent.  Its  astringent  properties  make  it  of 
great  value  as  a  fixer  in  dyeing. 

KAOLINUM.     Kaolin. 

A  native  aluminum  silicate,  consisting  chiefly  of  the  pure  silicate  [H2Al3Si208  + 
HjO  =  257.12],  powdered  and  freed  from  gritty  particles  by  elutriation. 

A  soft,  white  or  yellowish-white  powder,  or  in  lumps,  having  an  earthy  or  clay- 
like taste,  insoluble  in  water,  and  in  cold  dilute  solutions  of  the  acids  and  alkali  hy- 
droxides. 

When  moistened  with  water,  Kaolin  assumes  a  darker  color  and  develops  a 
marked  clay-like  odor. 

If  1  Gm.  of  Kaolin  be  mixed  with  10  Cc.  of  water  and  5  Cc.  of  sulphuric  acid  in 
a  porcelain  dish,  no  effervescence  should  occur,  and  if  the  mixture  be  evaporated 
until  the  excess  of  water  has  been  removed,  and  further  heated  until  dense  white 
fumes  of  sulphuric  acid  anhydride  appear,  then  after  cooling  and  adding  20  Cc.  of 
water,  boiling  for  a  few  minutes  and  filtering,  there  should  remain  on  the  filter  a  gray 
insoluble  residue  of  impure  silica. 

If  Kaolin  be  ignited  at  a  red  heat,  it  should  leave  not  less  than  85  per  cent,  of 
non-volatile  residue. 

If  to  one-half  of  the  filtrate  ammonia  water  be  added,  a  gelatinous  precipitate 
of  aluminum  hydroxide,  insoluble  in  excess,  should  be  obtained. 

If  to  the  remaining  half  of  the  filtrate,  sodium  hydroxide  T.S.  be  added,  it 
should  yield  a  gelatinous  precipitate  which  is  almost  or  completely  soluble  in  an 
excess  of  the  reagent. 

If  2  Gm.  of  Kaolin  be  rubbed  in  a  mortar  with  10  Cc.  of  water,  the  mixture 
should  not  acquire  more  than  a  slight  reddish  tint  on  the  addition  of  0.5  Gm.  of 
sodium  salicylate  (absence  of  more  than  traces  of  iron) . 

Tests  for  Identity. — Given  above. 

Impurities. — Excess  of  iron,  excess  of  moisture,  and  other  volatile 
matter.     Details  given  above. 

Remarks. — This  is  aluminum  silicate,  found  largely  in  the  Depart- 
ment of  Allier,  France,  and  is  of  great  value  in  technic  as  a  basis  of 
porcelain.  A  description  of  the  manufacture  of  porcelain  is  beyond 
the  limits  of  this  work,  and  for  this  the  reader  is  referred  to  any  of 
the  leading  works  on  chemical  technology  mentioned  in  the  Preface. 
Kaolin  is  of  pharmaceutic  importance  as  having  been  suggested  for 
use  in  the  manufacture  of  the  pills  of  potassium  permanganate  and 
other  explosive  substances,  these  substances  being  mixed  with  kaolin 
and  made  into  a  mass  by  the  addition  of  soft  petrolatum.  Kaolin  is 
now  largely  used  in  the  form  of  poultice,  made  by  triturating  the 
finely  powdered  clay  with  glycerin  to  a  thick  paste.  This  is  recognized 
in  the  present  pharmacopoeia  as  Cataplasm  of  Kaolin.     (See  p.  352.) 

CERIUM 
Symbol,  Ce.     Atomic  weight,  139.2 

Cerium  is  a  rare  metal,  similar  in  many  respects  to  aluminum. 
It  is  of  technical  importance  because  the  "mantle"  of  the  Welsbach 
burner — that  well-known  mode  of  illumination — is  made  of  a  network 
of  oxides  of  cerium,  thorium,  didymium,  and  lanthanum,  the  last 
two  elements  usually  accompanying  cerium  in  its  ores. 

The  sole  pharmaceutic  interest  in  cerium  is  because  one  of  its  salts, 
the  oxalate,  is  official. 
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CERII   OXALAS.     Cerium  Oxalate. 

Cerium  Oxalate  consists  chiefly  of  a  mixture  of  the  oxalates  of  cerium,  didymium, 
and  lanthanum,  and  of  other  rare  earths  of  this  group. 

A  fine,  white  powder,  without  odor  or  taste,  and  permanent  in  the  air. 

Insoluble  in  water,  alcohol,  ether,  or  in  solutions  of  potassium  or  sodium  hy- 
droxide; insoluble  in  cold,  but  soluble  in  hot,  diluted  sulphuric  or  hydrochloric  acid. 

When  heated  to  redness  it  is  decomposed,  leaving  a  residue  of  reddish-brown 
eerie  and  other  rare-earth  oxides,  constituting  not  less  than  47  per  cent,  of  the  salt. 

On  boiling  the  salt  with  potassium  hydroxide  T.S.,  an  insoluble  residue  of  white 
hydroxides  is  produced;  if  the  filtrate  from  this  residue  be  supersaturated  with  acetic 
acid,  the  addition  of  calcium  chloride  T.S.  will  produce  a  white  precipitate,  insoluble 
in  acetic  acid,  but  soluble  in  hydrochloric  acid. 

If  the  residue  left  after  heating  Cerium  Oxalate  be  dissolved  in  concentrated 
sulphuric  acid,  and  a  small  crystal  of  strychnine  added,  a  deep  blue  color  will 
appear,  which  will  rapidly  change  to  purple  and  then  to  red. 

From  the  solution  in  diluted  hydrochloric  or  sulphuric  acid,  potassium  hydrox- 
ide T.S.  precipitates  white  hydroxides,  which  do  not  redissolve  in  an  excess  of  the 
reagent,  and  gradually  turn  yellow  in  contact  with  air.  Ammonium  carbonate  T.S. 
precipitates  from  the  same  solution  white  cerous  and  other  rare-earth  carbonates, 
which  are  somewhat  soluble  in  an  excess  of  the  reagent. 

If  0.1  Gm.  of  Cerium  Oxalate  be  dissolved  in  1  Cc.  of  sulphuric  acid,  and  2  Cc. 
of  potassium  sulphate  T.S.  be  added,  small,  colorless  crystals  of  cerium  and  other 
rare-earth  potassium  sulphates  will,  after  some  time,  be  deposited. 

Tests  for  Identity. — Given  above. 

Impurities. — Carbonate,  heavy  metals,  arsenic,  aluminum,  and 
zinc.     Details  in  Part  V. 

Remarks. — Cerium  oxalate  is  made  as  a  by-product  of  thorium 
salts  from  the  ore,  monazite,  the  thorium  salts  being  in  great  demand 
for  making  Welsbach  mantles.  Cerium  oxalate  was  formerly  made 
from  the  mineral  cerite  by  a  process  necessarily  complicated,  in  order 
to  free  it,  as  much  as  possible,  from  lanthanum  and  didymium,  two 
closely  allied  rare  metals  invariably  accompanying  cerium  and  its 
ores. 

It  will  be  seen,  from  the  official  definition  given  above,  that  a  com- 
plete separation  of  these  rare  metals  is  impossible,  and  the  oxalates 
thereof  are  permitted  in  the  official  salt. 

It  is  a  valuable  remedy  in  the  vomiting  of  pregnancy. 

Dose. — 65  milligrammes  (1  grain). 

CHROMIUM 
Symbol,  Cr.     Atomic  weight,  approximately  52. 

Chromium,  like  manganese,  aluminum,  zinc,  and  iron,  stands  mid- 
way between  the  positive  and  negative  elements,  forming  chromium 
salts,  such  as  chromous  sulphate,  CrSO^,  with  strong  acids;  and  chrom- 
ates,  such  as  potassium  chromate,  K2Cr04,  with  alkalis. 

However,  it  is  usually  more  negative  than  positive,  and  in  its  two 
official  compounds,  chromium  trioxide  and  potassium  dichromate, 
it  is  strongly  negative. 

The  chief  ore  of  chromium  is  chrome  iron  ore,  FeOCraOg.  (See 
p.  446.) 

The  word  chromium  is  derived  from  the  Greek  word  chromos, 
meaning  color,  and  is  so  called  by  reason  of  the  brilliant  characteristic 
color  of  the  various  chromium  compounds.  This  name  was  bestowed 
on  the  element  by  its  discoverer,  Vauquelin. 

The   element   chromium   is  isolated  either  by  the  reduction   of 
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chromic  oxide,  with  soot  or  coke,  or,  better,  by  fusion  of  a  mixture  of 
the  chlorides  of  chromium,  potassium,  and  sodium  with  zinc.  The 
alkaline  chlorides  act  as  a  flux,  while  an  alloy  of  zinc  and  chromium 
deposits  in  the  bottom  of  the  crucible.  This  alloy  is  treated  with 
diluted  nitric  acid,  which  dissolves  the  zinc,  leaving  chromium  as  a 
gray  powder. 

Chromium  is  a  gray-white,  brittle  metal,  hard  enough  to  scratch 
glass,  and  more  difficult  to  melt  than  platinum.  It  is  not  easily  ox- 
idized by  contact  with  air. 

The  characteristic  tests  of  chromium  are  as  follows: 

Ammonium  sulphide  precipitates,  from  the  solution  of  chromium 
compounds,  green  chromic  hydroxide,  potassium  hydroxide  producing 
the  same  precipitate;  lead  acetate  solution  precipitates  solutions  of 
chromium  compounds  in  the  form  of  a  yellow  lead  chromate  (chrome 
yellow),  which  is  rather  largely  esteemed  as  a  paint.  It  should  not, 
however,  be  used  in  coloring  buns  in  place  of  the  yolk  of  egg,  as  was 
tried  by  the  bakers  of  Philadelphia  some  twenty  years  ago,  with  dis- 
astrous results. 

Chromium  yields  several  oxides — chromium  oxide,  CrO;  chromium 
tetroxide,  Cr304;  chromic  oxide,  CrjOg;  chromium  dioxide,  CrOj: 
chromium  trioxide,  CrOg.  The  variation  in  valence  represented  by 
these  oxides  leads  to  considerable  confusion,  and  for  this  reason  the 
element  chromium  was  omitted  from  the  table  of  elements  on  p.  367. 
A  similar  confusion  is  encountered  in  the  naming  of  its  oxides,  it 
being  particularly  unfortunate  that  the  term  chromic  oxide  is  applied 
to  CrjOg.  We  have  been  taught  that  an  "ic"  oxide  should  yield  the 
corresponding  "ic"  acid,  and  yet  the  official  formerly  called  "chromic 
acid"  is  not  derived  from  CrgOg,  but  is  none  other  than  chromic  tri- 
oxide, mentioned  above. 

CHROMII   TRIOXIDUM.     Chromium  Trioxide. 

CrOa  =  99.34 
[AciDUM  Chromicum,  Pharm.  1890] 

It  should  contain  not  less  than  90  per  cent,  of  pure  Chromium  Trioxide  (chromic 
acid  anhydride).  It  should  be  kept  in  glass-stoppered  bottles,  and  great  caution 
should  be  observed  to  avoid  bringing  it  in  contact  with  organic  substances,  such  as 
cork,  tannic  acid,  sugar,  alcohol,  collodion,  etc.,  as  serious  accidents  are  liable  to 
result. 

Small,  needle-shaped  crystals  or  rhombic  prisms,  of  a  dark  purplish-red  color 
and  metallic  lustre;  odorless;  destructive  to  animal  and  vegetable  tissues;  deliques- 
cent in  moist  air. 

Very  soluble  in  water,  forming  an  orange-red  solution.  When  brought  in  con- 
tact with  alcohol,  ether,  glycerin,  and  other  organic  solvents,  decomposition  takes 
place,  sometimes  with  dangerous  violence. 

When  Chromium  Trioxide  is  heated,  its  color  darkens,  and  finally  becomes 
black,  but  it  is  restored  on  cooling.  At  192°  to  193°  C.  (377.6°  to  379.4°  F.)  it 
fuses  to  a  reddish-brown  liquid,  which,  on  cooling,  forms  a  dark  red,  brittle  mass 
(often  enclosing  cavities  filled  with  crystals),  furnishing  a  scarlet  powder,  Above 
250°  C.  (482°  F.)  it  begins  to  decompose  into  green  chromic  oxide  and  free  oxygen, 
and,  after  protracted  heating,  leaves  a  residue  of  pure  chromic  oxide,  which  should 
yield  nothing  soluble  in  water. 

When  warmed  with  hydrochloric  acid,  chlorine  is  evolved. 

Tests  for  Identity. — Given  above. 

Impurities. — Sulphuric  acid.     Details  in  Part  V. 
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Remarks. — This  compound  has  the  formula  CrOj.  In  this,  as  in 
sulphuric  oxide,  SO3,  the  valence  of  the  characteristic  element  is  vi. 
It  will  be  seen  that  this  so-called  acid  is  in  reality  an  oxide,  the  true 
acid  (the  formula  of  which  is  HjCrO^,  and  thus  similar  to  that  of  sul- 
phuric acid,  H2SO4)  existing  only  in  solution. 

The  official  is,  therefore,  the  anhydride  of  true  chromic  acid;  an 
anhydride  of  an  acid  being  an  acid  deprived  of  what  water  it  pos- 
sessed in  the  form  of  hydroxyl  groups.  This  is  the  first  acid  anhy- 
dride which  we  have  studied  that  is  commonly  given  the  name  of  the 
acid;  the  other  official  one  being  arsenous  acid.  In  both  cases  they 
are  called  acids  instead  of  oxides  because  they  are  the  nearest  approach 
to  the  true  acid  which  can  be  obtained  in  the  solid  form,  and,  moreover, 
on  dissolving  these  oxides  in  water,  the  true  acid  is  produced. 

Chromic  acid  is  made  by  treating  the  potassium  dichromate  with 
a  molecular  quantity  of  sulphuric  acid  by  the  following  reaction: 

KjCr^O^     +     2H2SO4     =     2Cr03     +     2KHS0,     +     H,0. 

It  will  be  seen,  from  the  equation,  that  only  enough  sulphuric  acid 
is  used  to  convert  the  potassium  into  potassium  bisulphate.  This 
salt  is  removed  by  crystallization,  and  the  mother  liquid  then  further 
concentrated,  when  the  crop  of  chromic  acid  crystals  is  produced. 
These  crystals  cannot  be  dried  as  in  ordinary  cases  by  placing  on 
bibulous  paper,  since  chromium  trioxide  is  a  very  powerful  oxidizing 
agent,  and  will  decompose  most  organic  substances,  particularly 
paper.  Therefore,  instead  of  paper,  some  inorganic  absorbing  surface 
must  be  used.  For  this  purpose  unburnt  porcelain  or  clean  fire-brick 
is  excellent.  If  the  use  of  either  of  these  is  inconvenient,  drying  plates 
of  plaster  of  Paris  can  be  used  with  excellent  results.  Such  plates 
are  made  by  making  a  fairly  thick  paste  of  plaster  of  Paris  in  water, 
and  allowing  same  to  set  in  an  appropriate  mold,  for  example,  the 
cover  of  a  pasteboard  box — and  after  thoroughly  drying  the  porous 
plate  is  obtained. 

By  reason  of  the  oxidizing  action  of  the  chromic  acid  the  phar- 
macopoeia sounds  a  note  of  warning  against  triturating  this  chemical 
with  easily  oxidizable  material.  Hence  beware  of  prescriptions  direct- 
ing chromic  acid  dispensed  in  pills.  These  must  not  be  made  with 
ordinary  excipient,  but  with  petroleum  mass  (kaolin  and  soft  petrola^ 
tum).  The  oxidizing  action  of  chromic  acid  is  used  for  the  cleaning 
of  mortars,  as  already  explained  on  p.  114.  Chromic  acid  is  also  very 
largely  used  in  oxidization  processes  in  organic  chemistry,  for  such 
purposes  where  nitric  acid  would  act  too  powerfully.  Medicinally, 
chromic  acid  is  used  almost  entirely  as  a  caustic,  and  its  use  in  this 
way  is  usually  limited  to  the  removal  of  corns  or  warts.  For  this 
purpose  it  is  very  effective,  but  it  should  be  applied  only  by  a  skilled 
operator,  as  careless  handling  of  the  chemical  in  such  cases  is  apt  to 
result  in  dangerous  wounds. 

POTASSII   DICHROMAS.     Potassium  Dichromate. 

This  salt  has  already  been  discussed  under  the  potassium  com- 
pounds, and  here  it  is  only  necessary  to  state  that  it  is  used  chiefly  as  an 
oxidizing  agent,  and  for  this  purpose  is  used  with  sulphuric  acid,  thus 
liberating  chromic  acid. 
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CHAPTER   XXXI 
IRON 

Symbol,  Fe.     Atomic  weight,  approximately  56 

The  most  useful  and  abundant  of  metals  is  iron.  Its  use  is  so 
diversified,  both  technically  and  pharraaceutically,  that  we  must  give 
it  careful  consideration.  No  other  metal  furnishes  more  officials, 
and  almost  without  exception  these  are  valuable. 

The  element  is  widely  distributed  on  the  earth,  but  in  no  place 
as  the  pure  metal.  It  oxidizes  (rusts)  so  rapidly  that  it  cannot  long 
remain  pure  in  the  earth's  atmdsphere.  We  find  pure  native  iron 
only  in  meteoric  stones  which  fall  from  the  heavens,  and  are  supposedly 
fragments  of  the  sun's  substance.  This  leads  us  to  the  conclusion  that 
the  sun's  atmosphere  must  be  composed  of  some  gases  other  than 
oxygen. 

The  principal  ores  of  iron  found  on  the  earth's  surface  are  as  follows: 
Magnetic  iron  ore  or  lode-stone.  This  ore,  the  history  of  which  has  been 
discussed  on  p.  527,  has  the  formula  Fe304,  and  is  supposed  to  be  a 
ferrous  ferrate,  Fe(Fe02)2,  being  derived  from  a  hypothetic  acid, 
HFeOj,  which  is  analogous  to  the  aluminic  acid  already  described  on 
p.  463. 

The  name  ferric  acid  is  not  applied  to  this  compound,  however,  as  it  appears  that 
there  is  an  acid,  HjFeO^,  in  which  iron  shows  the  valence  vi. 
The  potassium  salt  of  this  acid,  KjFeO^,  is  known. 

This  magnetic  iron  ore  is  used  more  by  reason  of  its  magnetic 
properties  than  as  a  source  of  iron.  The  commercial  ores  are  chiefly 
red  hematite,  FejOg,  spathic  iron  ore,  FeCOg  and  iron  pyrites,  FeSj. 
This  last  has  already  been  discussed  on  p.  422,  as  one  of  the  sources 
of  sulphuric  acid,  so  here  it  need  only  be  stated  that  the  term  pyrites 
is  derived  from  the  Greek  word  pyros,  fire,  and  is  used  in  this  case 
because,  when  the  ore  is  struck,  it  emits  sparks.  Iron  pyrites  is  also 
interesting  as  being  the  only  iron  compound  in  which  iron  shows  the 
valence  iv.  Besides  these  commercial  sources  of  iron,  reference  should 
be  made  to  the  fact  that  this  element  is  found  in  chlorophyll  and  in  the 
blood,  and  in  both  cases  its  presence  is  necessary  to  the  life  of  both 
plant  and  animal.  So  soon  as  the  chlorophyll  of  the  plant  or  the 
hematin  of  the  blood  becomes  deficient  in  iron,  the  assimilation 
processes  of  the  plant  or  animal  economy  lessens,  with  corresponding 
disastrous  results  to  the  organism.  When  iron  is  absent  from  the 
chlorophyll  plants  or  from  the  blood  corpuscles,  such  plants  or 
animals  are  said  to  be  anemic. 

Iron  has  been  known  from  ancient  times  as  one  of  the  most  valuable 
of  metals.  In  fact,  one  of  the  most  important  steps  in  the  develop- 
ment and  progress  of  humanity  is  known  by  the  anthropologists  as 
the  transition  from  the  stone  to  the  iron  age. 

VARIETIES  OF  IRON 

The  commercial  forms  of  the  metal  iron  can  be  roughly  divided 
into  three  groups — cast  iron,  steel,  and  wrought  iron.     The  difference 
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between  these  three  groups  is  based  on  the  amount  of  carbon  contained 
in  the  metal.  Thus,  cast  iron  contains  from  3  to  6  per  cent,  carbon; 
steel,  from  0.8  to  1.8  per  cent,  of  carbon;  and  wrought  iron,  from  0.2  to 
0.6  per  cent. 

The  origin  of  these  different  varieties  of  iron  is  merely  a  question 
of  the  manipulation.  Cast  iron  is  prepared  by  treating  the  ore  (an 
oxide  of  iron)  with  coal  and  limestone  in  the  presence  of  a  blast  of  air. 
The  coal  in  this  case  acts  as  a  reducing  agent,  as  shown  in  the  following 
equation: 

Fe^Os     +     C3     =     Fea     +     SCO. 

The  carbon  monoxide  produced  also  acts  as  a  reducing  agent  on  the 
ore,  ultimately  escaping  as  carbon  dioxide  (CO2).  The  function  of  the 
limestone  is  to  form  a  combination  with  the  silicates  naturally  found  in 
ore,  the  resulting  calcium  silicate  separating  in  the  form  of  slag,  it 
floating  on  the  surface  of  the  molten  iron.  This  process  goes  on  in  a 
special  apparatus  (blast  furnace)  lined  with  brick  or  fire-clay,  and  it  is 
so  arranged  that  the  process  is  continuous.  Alternative  layers  of  the 
ore,  coal,  and  limestone  being  dumped  in  at  the  top,  meeting  the  fiery 
blast  produced  by  combustion  of  the  preceding  portions  of  coal  about 
midway  down  in  the  apparatus,  and  molten  iron  drawn  from  the  bot- 
tom. 

Wrought  iron  is  prepared  by  removing  all  the  carbon  from  the  cast 
iron  by  keeping  the  latter  in  the  molten  state  for  a  time  sufficient  to 
burn  the  carbon  contained  therein  by  contact  with  the  air.  There  are 
two  general  methods  of  accomplishing  this  result:  first  and  oldest  is 
called  puddling,  and  consists  of  melting  the  cast  iron  in  flat  vessels 
having  considerable  surface  exposed  to  the  air,  and  stirring  same 
vigorously  with  an  appropriate  paddle  or  spoon  until  all  the  carbon 
has  combined  with  the  oxygen  of  the  air.  In  the  more  modern  method 
the  molten  cast  iron  is  submitted  to  the  action  of  an  air-blast,  being 
constantly  stirred  all  the  while. 

Steel,  as  will  be  noted  above,  contains  a  carbon  percentage  midway 
between  that  of  cast  iron  and  wrought  iron.  Hence,  by  the  proper 
blending  of  these  two  forms  of  iron,  a  steel  of  any  carbon  percentage 
can  be  obtained,  the  calculation  in  this  case  being  by  the  process  of 
alligation,  similar  to  that  already  described  on  p.  59.  ' 

This  blending  is  performed  by  the  Bessemer  process,  the  operation 
being  carried  on  in  a  special  apparatus  called  the  Bessemer  converter, 
consisting  of  a  huge,  pear-shaped  vessel,  lined  with  fire-brick,  revolving 
on  a  pivot  in  such  a  way  that  it  can  be  inverted.  Into  this  converter 
the  molten  cast  iron  is  poured,  a  blast  of  air  passed  therein  until  the 
cast  iron  is  converted  into  wrought  iron.  The  wrought  iron  is  then 
blended  with  sufficient  cast  iron  to  make  a  finished  product  of  exactly 
the  carbon  content  desired.  It  is  needless  to  say  that  this  explanation 
of  the  manufacture  of  the  three  forms  of  iron  is  superficial,  extended 
comment  thereon  being  beyond  the  limits  of  this  volume,  and  for  full 
details  of  the  process  the  reader  is  referred  to  the  books  on  chemical 
technology,  given  in  the  Bibliography  in  the  Preface. 

It  might,  however,  be  stated  that,  for  the  modern  manufacture  of 
steel,  many  recipes  are  employed,  and  each  modification  is  usually 
the  secret  of  the  individual  ironmaster.     Thus,  in  making  these  special 


IRON  545 

steels  many  of  the  rarer  elements,  such  as  uranium,  are  added  to  impart 
the  desired  toughness  to  the  steel. 

One  modification  of  steel  manufacture  is  worthy  of  passing  notice.  A  great 
drawback  in  the  manufacture  of  steel  from  the  iron  ore  obtained  in  continental 
Europe  was  due  to  the  fact  that  this  ore  contained  a  considerable  amount  of  phos- 
phorus, which  caused  the  finished  steel  to  be  brittle,  and  hence  comparatively  useless. 
A  remedy  for  this  condition  was  discovered  by  Thomas  and  Gilchrist,  who  employed 
the  simple  method  of  lining  the  Bessemer  converter  with  calcined  dolomite.  When 
the  phosphorus-bearing  ores  were  converted  into  wrought  iron  in  such  converters, 
the  phosphorus  is  absorbed  by  the  calcium  and  magnesium  of  the  dolomite  lining, 
with  the  formation  of  the  phosphates  of  these  two  metals.  Not  only  does  this 
process  afford  a  ready  means  of  removing  the  phosphorus  from  the  ore,  but  the  dolo- 
mite lining  is  thereby  converted  into  calcium  and  magnesium  phosphates,  having 
ready  sale  as  a  fertilizer. 

The  properties  of  iron  must  be  discussed  under  the  three  diversified 
forms  just  described.  All  three  forms  of  iron — cast  iron,  steel,  and 
wrought  iron — act  chemically  as  iron,  all  dissolving  in  acids  to  form 
ferrous,  and  eventually  ferric,  salts.  Another  point  showing  their 
iron  origin  is  the  fact  that  all,  when  exposed  to  the  moist  atmosphere, 
oxidize  with  the  formation  of  FejOg,  which  is  familiar  to  all  under  the 
name  of  iron-rust.  Physically,  the  three  forms  show  a  marked  simi- 
larity. Cast  iron,  for  example,  melts  at  1150°  C,  is  quite  brittle,  and 
hence  breaks  when  hammered.  This  variety  is  called  cast  iron  I 
because  it  shares  with  water  the  property  of  expanding  at  the  moment  I 
of  solidification — a  property  not  found  in  any  other  metal.  Steel 
melts  at  1400°  C,  and  is  the  reverse  of  brittle,  being,  when  properly 
tempered,  the  most  elastic  of  metals.  It  is  very  hard,  and  hence  it 
is  but  slightly  affected  by  the  blows  of  a  hammer,  not  breaking  as 
cast  iron  does,  and  not  flattening,  as  does  wrought  iron.  Wrought 
iron  melts  at  1500°  C,  and  is  neither  brittle  nor  elastic,  but  is  very 
malleable.  In  fact,  a  commercial  term  for  this  form  of  iron  is  mal- 
leable iron,  and  to  this  property  is  due  its  use  in  the  arts. 

Of  the  three  commercial  forms  of  iron  just  mentioned,  wrought 
iron  is  the  nearest  approach  to  the  pure  element.  The  other  two, 
steel  and  cast  iron,  being  now  considered  as  mixtures  of  iron  with 
varying  proportions  of  iron  carbide. 

Tests. — The  tests  for  iron  and  its  salts  are  as  follows:  The  black 
precipitate  obtained  by  treating  its  solution  with  ammonia  sulphide; 
the  reddish-brown  magma  by  treatment  of  ferric  solutions  with  am- 
monium hydroxide,  this  precipitate  being  official  under  the  name  of 
ferri  oxidum  hydratum;  and  the  black  coloration  produced  on  treating 
an  iron  solution  with  tannin.  This  latter  mixture,  when  combined 
with  appropriate  adhesive  agents,  forms  the  typical  black  ink,  and  is 
of  pharmaceutic  interest  because  such  black  coloration  is  produced 
whenever  an  iron  salt  is  combined  with  the  preparation  of  a  drug  con- 
taining tannin. 

Besides  these  tests,  far  more  characteristic  are  potassium  ferri- 
cyanide,  which  gives  a  blue  precipitate  with  ierrous  salts,  and  potas- 
sium ferrocyanide,  which  gives  a  blue  precipitate  with  ferric  salts. 
An  exceedingly  delicate  test  for  ferric  salts  is  the  red  color  produced 
by  potassium  sulphocyanate. 

Metallic  iron  is  recognized  by  the  pharmacopoeia  in  two  forms, 
namely,  ferrum  and  ferrum  reductum, 
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FERRUM.     Iron. 

Fe  =  55.5 
Metallic  iron,  in  the  form  of  fine,  bright,  and  non-elastic  wire. 

Remarks. — This  is  wrought  iron,  usually  in  the  form  of  fine,  bright, 
non-elastic  wire,  and  a  popular  variety  of  this  is  what  is  commercially 
termed  card-teeth,  consisting  of  small  points  of  iron  wire  used  as  the 
teeth  of  appliances  employed  in  carding  wool  and  cotton. 

In  dissolving  card-teeth  in  acids,  hydrogen  is  evolved,  as  shown 
in  the  following  equation: 

Fe     +     H,SO,     =     FeSO,     +     H^, 

but  at  the  same  time  it  will  be  noticed  that  a  peculiar  odor  is  emitted. 
This  odor  is  due  to  the  hydrocarbon  produced  by  the  combination  of 
the  hydrogen  with  the  carbon  contained  in  the  card-teeth. 

Iron  wire  is  recognized  by  the  pharmacopoeia  only  as  a  source  of 
iron  compounds,  it  being  the  most  convenient  form  from  which  to 
make  the  salts  of  the  metal. 

FERRUM  REDUCTUM.     Reduced  Iron. 

Reduced  Iron  should  contain  not  less  than  90  per  cent,  of  pure  metallic  iron. 

A  very  fine,  grayish-black,  lustreless  powder,  without  odor  or  taste;  permanent 
in  dry  air. 

Insoluble  in  water  or  alcohol. 

One  Gm.  of  Reduced  Iron,  when  treated  with  20  Cc.  of  diluted  sulphuric  acid, 
causes  the  evolution  of  nearly  odorless  hydrogen  gas,  which  should  not  effect,  within 
five  minutes,  paper  moistened  with  lead  acetate  T.S.  (limit  of  sulphide),  and  on  ap- 
plying a  gentle  heat  the  Iron  should  dissolve  in  the  acid  without  leaving  more  than 
1  per  cent,  of  residue. 

When  ignited  in  contact  with  air,  it  glows  and  is  converted  into  black  ferroso- 
ferric  oxide. 

If  1  Gm.  of  Reduced  Iron  be  shaken  with  6  Cc.  of  water,  the  liquid  should  not 
change  the  color  of  red  litmus-paper. 

Tests  for  Identity. — Given  above. 

Impurities. — Arsenic.     Details  in  Part  V.  j 

Assay. — Details  in  Part  V. 

Reduced  iron  represents  a  chemically  pure  form  of  iron;  hence 
supposedly  entirely  free  from  carbon.  It  is  prepared  by  placing 
subcarbonate  of  iron  (virtually,  ferric  oxide,  FcjOg)  in  a  tube  of  Bohe- 
mian glass  or  a  piece  of  iron  piping,  some  four  feet  long,  and  one-half 
to  one  inch  in  diameter.  Hydrogen,  produced  in  the  ordinary  way 
(zinc  and  acid,  see  p.  519),  is  passed  through  the  tube,  which  is  placed 
in  an  appropriate  coal  or  gas  furnace  and  heat  is  applied  after  the  air 
has  been  expelled  from  the  tube  by  the  current  of  hydrogen,  which, 
passing  over  the  heated  ferric  oxide,  reduces  it  to  pure  iron  by  the 
following  reaction: 

FcjOg     +     SHj     =     Fe^     +     SHaO. 

This  explains  its  synonym,  iron  hy  hydrogen. 

Before  removing  the  reduced  iron  from  the  tube,  care  must  be 
taken  to  see  that  the  same  be  perfectly  cooled.     If  the  iron  be  poured 
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out  while  still  hot,  its  affinity  for  the  oxygen  of  the  air  is  so  great  that 
it  directly  combines  therewith,  with  the  formation  of  a  vivid  flame. 
Such  substances  which  spontaneously  ignite  when  brought  into  contact 
with  the  air  are  said  to  be  pyrophoric,  and  as  a  striking  illustration  may 
be  cited  antimony  sulphide.  Some  writers  claim  that  pure  reduced 
iron  is  not  pyrophoric,  that  phenomena  being  caused  by  presence  of 
ferrous  oxide,  FeO. 

Reduced  iron  is  a  valuable  tonic. 

Dose. — 65  milligrammes  (1  grain). 

The  following  compounds  of  iron  are  official: 

F  err  Otis  Salts: 

Saccharated  ferrous  carbonate.     At  least  15  per  cent,  absolute  FeCOa- 

Mass  of  ferrous  carbonate  contains  about  40  per  cent.  FeCOj. 

Pills  of  ferrous   carbonate   contain  0.16  Gm.  ferrous  sulphate  and  0.08  Gm. 

potassium  carbonate  to  each  pill. 
Mixture  of  ferrous  carbonate  contains  about  i  of  1  per  cent.  FeCO,. 
Syrup  of  ferrous  iodide.     At  least  5  per  cent,  absolute  Felj. 
Pills  of  ferrous  iodide  contain  0.04  Gm.  iron  and  0.05  Gm.  iodine  to  each  pill. 
Ferrous  sulphate.     At  least  99.5  per  cent,  absolute  FeS04  +  THjO. 
Exsiccated  ferrous  sulphate.     Each  65  Gm.  represent  100  Gm.  FeSO^  +  THjO. 
Granulated  ferrous  sulphate.     FeSO^  +  THjO. 

Ferric  Salts: 

Ferric  chloride  (FeClj)  contains  at  least  22  per  cent  metallic  iron. 

Solution  of  ferric  chloride  contains  29  per  cent,  absolute  FeClj  or  10  per  cent. 

metallic  iron. 
Tincture  of  ferric  chloride  contains  13.28  per  cent,  absolute  FeClj  or  4.58  per  cent. 

metallic  iron. 
Ferric  ammonium  sulphate.     At  least  99.5  per  cent,  absolute  FeNH4(S0Ja  + 

I2H2O. 
Ferric  hydroxide.     A  magma  consisting  of  Fe(0H)3  and  water. 
Ferric  hydroxide  with  magnesium  oxide.     A  magma  consisting  of  Fe(0H)3, 

magnesium  hydroxide,  and  water. 
Ferric  hypophosphite.     At  least  98  per  cent,  absolute  Fe(PH202)3. 
Solution  of  ferric  sulphate  contains  about  36  per  cent.  Fe2(S04)3  or  10  per  cent. 

metallic  iron. 
Solution  of  ferric  subsulphate  consists  of  basic  ferric  sulphate;  contains  13.57 

per  cent,  metallic  iron. 
Solution  of  iron  and  ammonium  acetate.     A  pharmaceutical  containing  4  per 

cent,  tincture  of  ferric  chloride. 

Scale  Scdts  of  Iron: 

Ferric  citrate  contains  at  least  16  per  cent,  metallic  iron. 

Iron  and  ammonium  citrate  contain  at  least  16  per  cent,  metallic  iron. 

Wine  of  iron  contains  4  per  cent,  iron  and  ammonium  citrate. 

Iron  and  quinine  citrate  contain  at  least  13  per  cent,  metallic  iron. 

Soluble  iron  and  quinine  citrate  contain  at  least  13.5  per  cent,  metallic  iron. 

Bitter  wine  of  iron  contains  5  per  cent,  soluble  iron  and  quinine  citrate. 

Iron  and  strychnine  citrate  contain  at  least  16  per  cent,  metallic  iron. 

Soluble  ferric  phosphate  contains  at  least  12  per  cent,  metallic  iron. 

Glycerite  of  the  phosphates  of  iron,  quinine,  and  strychnine  contains  8  per  cent. 

soluble  ferric  phosphate. 
Syrup  of  the  phosphates  of  iron,  quinine,  and  strychnine  contains  25  per  cent. 

of  the  above  glycerite. 
Elixir  of  iron,  qumine,  and  strychnine  phosphates  contains  IJ  per  cent,  of  soluble 

ferric  phosphate. 
Soluble  ferric  pyrophosphate  contains  at  least  10  per  cent,  metallic  iron. 
Iron  and  ammonium  tartrate  contains  at  least  13  per  cent,  metallic  iron. 
Iron  and  potassium  tartrate  contains  at  least  15  per  cent,  metallic  iron. 
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It  will  be  seen  that  iron  compounds  in  the  above  table  are  grouped 
into  ferrous  salts,  ferric  salts,  and  scale  salts  of  iron.  The  latter,  which 
are  pharmaceutic  preparations  rather  than  definite  chemicals,  will  be 
discussed  by  themselves  (p.  566).  The  ferrous  salts  and  ferric  salts 
are  combinations  of  acids  with  iron,  the  latter  exhibiting  two  different 
valences. 

Reference  to  the  elemental  table  on  p.  367  shows  that  iron  is  one  of 
the  positive  elements  which  possess  more  than  one  valence,  and  that, 
while  the  variation  in  the  valence  of  negative  elements  is  almost  in- 
variably a  difference  of  two, — say  i,  iii,  v,  vii,  or  ii,  iv,  vi, — thus 
agreeing  with  Frankland's  bond  idea,  explained  on  p.  364,  the  variation 
of  iron,  expressed  in  that  table,  is  ii  and  iii,  the  two  phases  of  the 
element  being  expressed  as  ferrous  and  ferric  respectively. 

The  formulas  of  ferrous  compounds,  such  as  ferrous  iodide,  Felj,  or 
ferrous  sulphate,  FeSO^,  is  easy  to  comprehend  if  one  bears  in  mind 
that  bivalent  iron — iron  with  two  free  bonds — acts  exactly  as  does 
bivalent  calcium,  and  all  that  was  said  of  the  formulas  of  alkaline  earth 
metals  on  p.  495  applies  to  ferrous  salts. 

In  giving  the  valence  iii  to  the  ferric  form  clearness  is  possibly 
sacrificed  for  brevity,  and  it  is  well  to  explain  that  there  has  been 
much  discussion  on  the  valence  of  ferric  iron,  some  giving  the  valence 
III  (Fe"0>  and  others  giving  two  molecules  of  iron  with  the  valence 
VI — (Fea)^^  The  latter  view  was  that  accepted  by  the  United 
States  Pharmacopoeia  of  1890,  but  at  the  last  revision  the  trivalent 
view  was  accepted,  and  as  a  result  the  formula  of  ferric  chloride  is 
given  as  FeClg  in  the  present  pharmacopoeia. 

The  formula  FejClg  is  accepted  by  some  chemists  (Deville  and 
Troust:  also  Friedel  and  Crafts)  because,  in  the  first  place,  the  molecu- 
lar weight  estimations  place  it  nearer  that  of  the  formula  Fe^Cl^  than 
that  of  FeClg,  and  then,  too,  if  the  formula  FejCl^  prevails,  it  would 
show  the  valence  of  ferric  iron  to  be  iv,  thus  maintaining  the  regularity 
in  valence  variation  noticeable  in  the  negative  elements.  If  iron 
has  the  valence  iv,  two  atoms  would  link  together  just  as  two  carbon 
atoms  link  in  ethane  (see  p.  627),  giving  the  following  formula:  ^ 


fe 

Fe 


—CI 

CI 

—CI 

CI 
—CI 
—CI 


Fe,CL 


The  only  reason  that  such  formulas  as  FeClg  are  employed  instead 
of  Fe2Cl6  is  for  sake  of  brevity. 


FERROUS  SALTS 


Ferrous  carbonate,  FeCOg,  is  official  in  four  forms:  the  saccharated, 
the  mass,  the  pills,  and  compound  iron  mixture.  In  all  these  prepara- 
tions the  carbonate  is  manufactured  in  about  the  same  way — treat- 
ment of  ferrous  sulphate  with  an  alkaline  carbonate.  In  the  sac- 
charated, sodium  bicarbonate  is  used;  in  the  mass,  sodium  carbonate; 
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and  in  the  other  two,  potassium  carbonate  is  employed,  the  reaction 
in  the  latter  case  being — 

FeSO,     +     K^COa     =     K2SO4     +     FeCOj, 

while,  of  course,  in  the  other  the  reaction  is  quite  analogous. 

Uncombined  ferrous  carbonate  is  very  unstable,  going  over  into 
^jeierr«»-oxide  by  the  following  reaction: 

2FeC03     +     O     =     2C0,     +     FeA- 

(  From  \ 
Vthe  air./ 

The  iron  carbonate  or  subcarbonate  of  iron  usually  found  in  stores, 
a  red-brown  powder,  is  almost  entirely  FcjOg — common  iron-rust. 
The  oxidation  of  the  carbonate  may  be  partly  prevented  by  protecting 
the  salt  with  sugar,  and  accordingly  we  find  that  all  four  official  prepara- 
tions just  mentioned  have  sugar  as  an  ingredient. 

FERRI  CARBONAS  SACCHARATUS.     Saccharated  Ferrous  Carbon- 
ate. 

Saccharated  Ferrous  Carbonate  should  contain  not  less  than  15  per  cent,  of 
Ferrous  Carbonate  [FeC03=  115.05]  ^-nd  should  be  kept  in  small,  well-stoppered 
bottles. 

Recipe. — Ferrous  Sulphate,  fifty  grammes 50  Gm. 

Sodiiun  Bicarbonate,  thirty-five  grammes 35  Gm. 

Sugar,  in  fine  powder. 

Distilled  Water,  each,  a  sufficient  quantity, 


To  make  one  hundred  grammes . .   100  Gm. 

Dissolve  the  Ferrous  Sulphate  in  two  hundred  cubic  centimeters  of  hot  Distilled 
Water,  and  the  Sodium  Bicarbonate  in  five  hundred  cubic  centimeters  of  Distilled 
Water  at  a  temperature  not  exceeding  50°  C.  (122°  F.),  and  filter  the  solutions  sepa- 
rately. To  the  solution  of  Sodium  Bicarbonate  contained  in  a  flask  having  a  capacity 
of  about  one  thousand  cubic  centimeters  add,  gradually,  the  solution  of  Ferrous 
Sulphate,  and  mix  thoroughly  by  rotating  the  flask.  Fill  the  flask  with  boiling 
Distilled  Water,  cork  it  loosely,  and  set  the  mixture  aside.  When  the  precipitate 
has  subsided,  draw  off  the  clear  supernatant  liquid  by  means  of  a  siphon,  and  then 
fill  the  flask  again  with  hot  Distilled  Water,  and  shake  it.  Again  draw  off  the  clear 
liquid,  and  repeat  the  washing  with  hot  Distilled  Water  in  tne  same  manner  until 
the  decanted  liquid  gives  merely  a  slight  cloudiness  with  barium  chloride  T.S. 
Finally,  drain  the  precipitate  thoroughly  on  a  muslin  strainer,  transfer  it  to  a  porce- 
lain dish  containing  eighty  grammes  of  Sugar,  and  mix  it  intimately.  Evaporate  the 
mixture  to  dryness,  by  means  of  a  water-bath,  reduce  it  to  powder,  and  mix  inti- 
mately with  it,  if  necessary,  enough  well-dried  Sugar  to  make  the  final  product  weigh 
one  hundred  grammes. 

A  greenish-brown  powder,  gradually  becoming  oxidized  by  contact  with  air, 
without  odor,  and  having  at  first  a  sweetish,  afterward  a  slightly  ferruginous  taste. 

Only  partially  soluble  in  water,  but  completely  soluble  upon  the  addition  of 
hydrocmoric  acid,  with  copious  evolution  of  carbon  dioxide,  forming  a  clear,  greenish- 
yellow  liquid. 

Tests  for  Identity. — Given  above. 

Impurity. — Sulphate.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

It  will  be  seen,  from  the  above  process,  that  this  compound  is 
made  by  pouring  a  solution  of  ferrous  sulphate  into  a  solution  of  sodium 
bicarbonate,  and  washing  the  precipitated  ferrous  carbonate  with  boil- 
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ing  water,  all  the  time  using  precautions  to  prevent  access  of  air.  The 
washed  precipitate  is  then  mixed  with  sugar,  and  evaporated  to  dryness 
on  a  water-bath,  and  finally  mixed  with  a  sufficient  quantity  of  sugar 
to  make  the  finished  product  contain  about  15  per  cent,  of  ferrous 
carbonate. 

The  saccharated  carbonate  has  all  the  properties  of  ferrous  carbon- 
ate, and  is  a  chalybeate  tonic,  particularly  indicated  in  anemia. 

Dose. — 250  milligrammes  (4  grains). 

MASSA  FERRI  CARBONATIS.     Mass  of  Ferrous  Carbonate. 

The  recipe  for  this  body,  commonly  called  Vallet's  mass,  as  well 
as  full  details  of  manufacture,  will  be  found  in  Part  VII. 

It  is  made  by  pouring  a  solution  of  ferrous  sulphate  into  a  solution 
of  sodium  carbonate,  removing  the  resulting  sodium  sulphate  by 
washing  with  warm  water,  to  which  a  sufficient  amount  of  syrup  has 
been  added  to  prevent  oxidation;  the  drained  product  is  then  combined 
with  honey  and  syrup.  This  preparation  should  contain  36  to  42  per 
cent,  of  ferrous  carbonate,  as  is  figured  out  on  p.  1128. 

Dose. — 250  milligrammes  (4  grains). 

PILULE  FERRI  CARBONATIS.     Pills  of  Ferrous  Carbonate. 

Recipe. — Granulated  Ferrous  Sulphate,  sixteen  grammes.  .  16  Gm. 

Potassium  Carbonate,  eight  grammes 8  Gm. 

Sugar,  four  gramm,es 4  Gm. 

Tragacanth,  in  fine  powder,  one  gramme 1  Gm. 

Althaea,  in  No.  60  powder,  one  gramme 1  Gm. 

Glycerin, 

Water,  each,  a  sufficient  quantity, 

To  make  one  hundred  pills. .  100 

Rub  the  Potassium  Carbonate,  in  a  mortar,  with  a  suflBcient  quantity  (about 
ten  drops  each)  of  Glycerin  and  Water,  then  add  the  Ferrous  Sulphate  and  Sugac, 
previously  triturated  together  to  a  uniform  powder,  and  rub  the  mass  thoroughly, 
until  it  assumes  a  greenish  color.  When  the  reaction  has  terminated,  incorporate 
the  Tragacanth  and  Althaea,  and,  if  necessary,  add  a  little  more  Water,  so  as  to  obtain 
a  mass  of  pilular  consistence.     Divide  this  mto  one  hundred  pills. 

These  pills  should  be  freshly  prepared  when  wanted. 

It  will  be  seen  that  these  pills,  which  are  commonly  called  Blaud's 
pills,  are  made  by  treating  potassium  carbonate  with  ferrous  sulphate 
and  sugar,  glycerin,  and  water,  and  finally  incorporating  althaea  and 
tragacanth  as  excipients.  The  mass  is  cut  and  rolled  into  pills.  In 
making  these  pills  it  would  be  well  if  no  reaction  took  place  between 
the  potassium  carbonate  and  ferrous  sulphate  until  the  pill  had  dis- 
solved in  the  juices  of  the  stomach. 

By  directing  that  the  mass  be  beaten  thoroughly  until  it  assumes 
a  greenish  color,  the  pharmacopoeia  defeats  this  purpose  and  affords 
a  product  distinctly  inferior  to  Vallet's  mass.  From  the  latter  the 
alkaline  sulphate  has  been  removed,  and  the  ferrous  carbonate  is 
'yrSiyiil'cd  by  the  use  of  sugar  and  honey;  whereas,  the  pills,  of  which 
we  are  speaking,  still  contain  the  potassium  sulphate  and  a  lesser 
amount  of  protecting  sugar.  Efforts  to  make  Blaud's  pills  in  which 
the  reaction  has  not  taken  place  has  resulted  in  many  ingenious  devices : 
for  instance — one  firm  furnishes  a  gelatin-coated  pill  in  which  the 
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ferrous  sulphate  is  placed  in  one-half  and  the  potassium  carbonate  in 
the  other  half,  being  separated  in  the  gelatin  membrane.  The  retail 
pharmacist  can  easily  prepare  a  similar  form  of  pill,  if  he  so  desires, 
by  placing  the  constituents,  one  on  top  of  the  other,  in  a  gelatin  cap- 
sule, the  two  chemicals  being  separated  by  a  layer  of  sugar  of  milk. 
Dose. — 2  pills. 

MISTURA   FERRI   COMPOSITA.     Compound  Iron  Mixture. 

Recipe. — Ferrous  Sulphate,  in  clear  crystals,  six  grammes. .  6  Gm. 

Myrrh,  in  small  pieces,  eighteen  grammes 18  Gm. 

Sugar,  eighteen  grammes 18  Gm. 

Potassium  Carbonate,  eight  grammes 8  Gm. 

Spirit  of  Lavender,  sixty  cubic  centimeters 60  Cc. 

Rose  Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .  1000  Cc. 

Rub  the  Myrrh,  Sugar,  and  Potassium  Carbonate  in  a  mortar,  with  seven  hundred 
cubic  centimeters  of  Rose  Water,  at  first  very  gradually  added,  so  that  a  uniform  mix- 
tiu-e  may  result.  Transfer  this  to  a  graduated  vessel,  add  the  Spirit  of  Lavender, 
then  the  Ferrous  Sulphate,  previously  dissolved  in  about  fifty  cubic  centimeters  of  Rose 
Water,  and,  lastly,  enough  Rose  Water  to  make  the  product  measure  one  thousand 
cubic  centimeters.  Mix  the  whole  thoroughly.  This  preparation  should  be  freshly 
made  when  wanted. 

Griffith's  mixture  is  made  by  placing  a  mixture  of  myrrh,  sugar, 
potassium  carbonate,  and  rose  water  into  a  dispensing  bottle,  adding 
thereto  spirit  of  lavender,  and  lastly  a  solution  of  ferrous  sulphate 
in  rose  water. 

This  preparation  should  be  freshly  prepared  in  the  bottle  in  which 
it  is  to  be  sent  out.  When  the  ferrous  sulphate  is  added  to  the  potas- 
sium carbonate,  an  evolution  of  carbon  dioxide  usually  occurs,  and 
care  must  be  taken  to  permit  the  complete  escape  of  this  gas  before 
the  bottle  be  corked,  otherwise  there  is  danger  of  the  fracture  of  the 
flask.  The  preparation,  when  fresh,  is  a  bluish-green  mixture,  but  on 
standing,  especially  when  a  few  doses  have  been  taken  from  the  bottle, 
it  changes  to  a  brick-dust  red — into  the  so-called  subcarbonate  of  iron. 
The  instability  of  this  preparation  makes  its  use,  at  its  best,  somewhat 
questionable,  and  in  dispensing  it  the  pharmacist  should  mention  to 
the  purchaser  the  color  change  which  is  bound  to  occur. 

Dose. — 16  Cc.  (4  fluidrachms). 

Ferrous  iodide,  Felj,  is  another  of  the  unstable  salts  of  iron,  to 
preserve  which  it  is  necessary  to  add  sugar  or  some  other  substance 
capable  of  preventing  oxidation  by  the  atmosphere. 

The  reaction  of  manufacture  is  very  simple:  Fe  +  I2  =  Felj. 

The  salt  is  official  in  three  different  forms:  The  saccharated,  the 
syrup,  and  the  pills,  which  are  coated  with  the  balsam  of  tolu  to  pre- 
vent atmospheric  action. 

As  is  the  case  with  ferrous  carbonate,  ferrous  iodide  is  very  un- 
stable, splitting, Vhen  coming  in  contact  with  air,  into  ferric  hydroxide, 
iodine,  and  hydriodic  acid,  as  shown  in  the  following  equation: 

Fel,     +     2H,0     +     O     =     Fe(0H)3     +     I     +     HL 
/  From  \ 
Vthe  air./ 

This  decomposition  is  largely  obviated  by  combining  ferrous  iodide 
with  sugar  or  hypophosphorous  acid. 
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Ferri  lodidum  Saccharatum  (U.  S.  P.  1890)  was  made  by  preparing  a  solution 
of  ferrous  iodide  by  treatment  of  iodine  with  iron  wire,  mixing  the  filtered  solution 
with  sugar  of  milk,  evaporating  to  a  dry  mass,  and  then  mixing  with  sufficient  sugar 
of  milk  to  make  a  product  containing  20  per  cent,  of  ferrous  iodide. 

This  product  was  very  unstable,  and  hence  was  wisely  omitted  at  the  last  revision. 

SYRUPUS   FERRI   lODIDI.     Syrup  of  Ferrous  Iodide. 

A  syrupy  liquid  containing  about  5  per  cent.,  by  weight,  of  Ferrous  Iodide  [Felj 
=  307.30],  or  about  6.74  Gm.  in  100  Cc. 

A  transparent,  pale  green  liquid,  having  a  sweet,  strongly  ferruginous  taste  and 
a  neutral  reaction. 

Specific  gravity:  about  1.349  at  25°  C.  (77°  F.). 

On  adding  a  few  drops  of  potassium  ferricyanide  T.S.  to  a  small  portion  of  the 
diluted  Syrup  a  blue  precipitate  will  be  produced. 

If  mixed  with  a  little  starch  T.S.,  and  afterward  with  a  few  drops  of  chlorine 
water,  the  syrup  will  acquire  a  deep  blue  color.  This  color  should  not  be  produced 
in  the  Syrup  by  starch  T.S.  alone  (absence  of  free  iodine). 

Recipe  and  full  details  of  manufacture  in  Part  VII. 

Tests  for  Identity. — See  above. 

Impurity. — Iodine,  see  above. 

Assay. — Details  in  Part  V. 

Remarks. — This  syrup  is  made  by  treating  iron  with  iodine, 
filtering  the  solution  of  ferrous  iodide  into  sugar,  which  is  dissolved 
therein  with  heat.  The  finished  syrup  is  preserved  by  addition  of  a 
small  amount  of  hypophosphorous  acid.  The  syrup  of  the  present 
pharmacopoeia  contains  5  per  cent,  ferrous  iodide,  while  that  of  the 
U.  S.  P.  1890  was  10  per  cent.  ^ 

The  color  of  spoiled  ferrous  iodide  can  be  changed  from  the  brown 
to  the  bright  green  by  the  addition  of  a  small  quantity  of  card-teeth 
or  reduced  iron,  this  seeming  to  show  that  the  brown  coloration  is  due 
to  the  presence  of  free  iodine,  rather  than  caramel,  as  has  been  sug- 
gested by  one  writer.  While  the  problem  is  still  undecided,  it  behooves 
the  careful  pharmacist  never  to  dispense  a  syrup  that  has  turned 
brown. 

The  syrup  of  ferrous  iodide  is  given  as  an  alterative  and  chalybeate 
tonic,  diluted  with  water,  and  always  taken  through  a  tube,  as  the 
ferrous  iodide  attacks  the  teeth. 

Dose. — 1  Cc.  (15  minims). 

Liquor  Ferri  lodidi  (N.  F.)  is  an  81  per  cent,  solution  of  ferrous  iodide,  pre- 
served Dy  addition  of  2^  per  cent,  diluted  hypophosphorous  acid.  One  volume  of 
this  solution  with  1 1  volumes  of  syrup  (U.  S.  P.)  makes  a  product  similar  to  the 
official  syrup  just  described. 

PILULE   FERRI   lODIDI.     Pills  of  Ferrous  Iodide. 

Recipe. — Reduced  iron,  four  grammes 4  Gm. 

Iodine,  five  grammes 5  Gm. 

Glycyrrhiza,  in  No.  60  powder,  four  grammes 4  Gm. 

Sugar,  in  fine  powder,  four  grammes 4  Gm. 

Extract  of  Glycyrrhiza,  in  fine  powder,  one  gramme  1  Gm. 

Acacia,  in  fine  powder,  one  gramme 1  Gm. 

Water, 

Balsam  of  Tolu, 

Ether,  each,  a  sufficient  quantity, 

To  make  one  hundred  pills. .  100 
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To  the  Reduced  Iron,  contained  in  a  small  mortar,  add  six  cubic  centimeters  of 
Water,  and  then,  gradually,  the  Iodine  with  constant  stirring,  until  the  liquid  ceases 
to  have  a  reddish  tint.  Then  add  the  remaining  powders,  previously  well  triturated 
together,  and  mix  the  whole  thoroughly.  Transfer  the  mass  to  a  porcelain  dish, 
and  evaporate  the  excess  of  moisture,  on  a  water-bath,  with  constant  stirring,  until 
the  mass  has  acquired  a  pilular  consistence.     Then  divide  it  into  one  hundred  pUls. 

Dissolve  ten  grammes  of  Balsam  of  Tolu  in  fifteen  cubic  centimeters  of  Ether,  shake 
the  pills  with  a  sufficient  quantity  of  this  solution  until  they  are  uniformly  coated,  and 
put  them  on  a  plate  to  dry,  occasionally  rolling  them  about  until  the  drying  is  com- 
pleted. 

Keep  the  pills  in  a  well-stoppered  bottle. 

Pills  of  Ferrous  Iodide  should  be  devoid  of  the  smell  of  iodine. 

If  a  few  of  the  pills  be  triturated  with  water,  and  the  liquid  be  filtered,  the  filtrate 
should  not  assume  more  than  a  light  blue  tint  upon  the  addition  of  starch  T.S.  (ab- 
sence of  more  than  traces  of  free  iodine) . 

Remarks. — These  pills  are  made  by  triturating  reduced  iron  and 
iodine  until  the  red  tint  has  disappeared;  mixing  with  glycyrrhiza, 
sugar,  extract  of  glycyrrhiza,  beating  the  mass  to  a  pilular  consistence, 
and  coating  the  pills  with  an  ethereal  solution  of  balsam  of  tolu.  As 
already  mentioned,  these  pills  and  the  pills  of  phosphorus  are  the  only 
two  directed  by  the  pharmacopcsia  to  be  coated,  and  in  both  cases  the 
coating  is  not  intended  to  enhance  the  beauty  of  the  pills,  but  to  pre- 
vent oxidation  of  the  active  ingredient. 

Each  pill  contains  about  one  grain  of  ferrous  iodide. 

Dose. — 2  pills. 

Ferri  Lactas  (U.  S.  P.  1890),  Fe(C3H503)2.— This  represents  the  salt  of  lactic 
acid,  the  composition  of  which  will  be  found  on  p.  677,  made  by  treating  lactic  acid 
with  reduced  iron,  and  subsequently  evaporating  the  solution  to  dryness. 

This  ferrous  preparation  is  the  iron  constituent  of  the  formerly  official  syrup 
of  hypophosphites  with  iron,  where  it  is  directed  because  it  is  supposed  to  be  a  most 
easily  assimilable  salt  of  iron.  This  claim  has  never  been  thoroughly  substantiated, 
and  the  preparation  is  one  of  doubtful  value. 

It  is  administered  in  doses  of  from  0.6  to  1  Gm. 

Ferrous  sulphate  (FeSO^),  called  "green  vitriol,"  from  the  Latin 
vitreus,  glass,  because  the  crystals  look  like  green  glass.  When  we 
distil  these  crystals,  an  oily  liquid  passes  over,  and  this,  the  alchemists 
of  three  hundred  years  since,  called  ''oil  of  vitriol,"  a  name  that  still 
clings  to  the  distillate — sulphuric  acid. 

In  an  impure  form  ferrous  sulphate  is  called  "copperas,"  although 
containing  no  copper  whatever. 

Ferrous  sulphate  is  official  in  three  forms:  The  crystalline,  contain- 
ing seven  molecules  of  water  of  crystallization;  the  granulated,  which 
contains  the  same  amount  of  water  as  do  the  crystals  (turn  to  Granula- 
tion on  p.  148),  and,  lastly,  the  exsiccated,  which  represents  the  crys- 
talline minus  the  greater  quantity  of  its  water,  100  parts  of  the  crystals 
yielding  64  parts  of  the  exsiccated.  The  dried  is  preferable  to  the 
crystalline  in  the  manufacture  of  pills,  being  of  smaller  bulk  and  not 
causing  a  soft  mass.  Note  in  these  two  officials — the  crystalline  and 
the  dried — an  interesting  demonstration  of  the  influence  of  water  of 
crystallization  on  a  substance.  Dried  ferrous  sulphate  is  a  grayish- 
white,  opaque  powder;  while  the  crystals,  which  differ  from  the  dried 
only  by  the  presence  of  water  of  crystallization,  are  green  and  trans- 
parent. 
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FERRI  SULPHAS.     Ferrous  Sulphate. 

FeSO,  +  TH^O  =  276.01 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Ferrous  Sulphate  [SO^.OjFe 
+  7H2O];  the  crystals  should  not  be  effloresced  and  should  be  kept  in  well-stoppered 
bottles. 

Large,  pale  bluish-green,  monoclinic  prisms,  without  odor,  and  having  a  saline, 
styptic  taste;  efflorescent  in  dry  air.  On  exposure  to  moist  air  the  crystals  rapidly 
oxidize,  and  become  coated  with  brownish-yellow,  basic  ferric  sulphate. 

Soluble  in  0.9  part  of  water  at  25°  C.  (77°  F.)  and  in  0.3  part  of  boiling  water; 
insoluble  in  alcohol. 

When  slowly  heated  to  115°  C.  (239°  F.),  the  crystals  disintegrate,  and  lose  38.87 
per  cent,  of  their  weight  (6  molecules  of  water  of  crystallization). 

If  1  Gm.  of  salt  be  dissolved  in  about  25  Cc.  of  water  containing  1  Cc.  of  diluted 
sulphuric  acid,  the  solution  heated  to  boihng,  oxidized  with  nitric  acid,  and  then 
mixed  with  a  slight  excess  of  ammonia  water,  the  filtrate  from  the  reddish-brown 
precipitate  produced  should  be  colorless,  and  on  evaporation  to  dryness  and  igni- 
tion, should  not  leave  any  weighable  residue  (absence  of  salts  of  the  alkali  metals). 

If  1  Gm.  of  Ferrous  Sulphate,  in  small  fragments,  be  agitated  during  four  or  five 
minutes  with  10  Cc.  of  alcohol,  the  filtrate  should  not  redden  moistened  blue  litmus- 
paper  (absence  of  free  acid). 

Tests  for  Identity. — See  Iron  and  Sulphates  in  Part  V. 

Impurities. — Heavy  metals.  Details  in  Part  V.  Salts  of  the 
alkaline  metals,  free  acid,  see  above. 

Assay. — Details  in  Part  V. 

Remarks. — This  salt  is  made  by  treating  scrap  iron  with  sulphuric 
acid,  and  evaporating  the  solution  to  a  point  where  the  green  crystals 
will  be  obtained.  These  green  crystals  are  not  very  stable,  com- 
paratively readily  combining  with  oxygen  of  the  air,  with  the  formation 
of  basic  ferric  sulphate  by  the  following  reactions: 

(a)  2FeS0,     -I-     O     =     Fe20(SO,)2. 
(6)  2FeS04     =     Fe^OaSO^     -I-     SO^. 

In  order  to  insure  the  formation  of  a  perfectly  green  ferrous  sul- 
phate, it  is  usually  advisable  to  crystallize  from  acid  solution  containing 
some  card-teeth,  the  latter  acting  on  the  acid  with  the  constant 
evolution  of  hydrogen.  Thus,  cheap  copperas  can  be  converted  into 
beautiful  crystals  of  ferrous  sulphate  by  dissolving  in  water,  adding 
a  small  quantity  of  sulphuric  acid  and  some  card-teeth,  and  warming 
gently  until  a  green  solution  is  obtained.  This  is  filtered  from  the 
undissolved  ferric  oxide  and  allowed  to  crystallize. 

Ferrous  sulphate  is  used  as  an  astringent  and  chalybeate  tonic. 

Dose. — 200  milligrammes  (3  grains). 

FERRI  SULPHAS   GRANULATUS.     Granulated  Ferrous  Sulphate. 

Official  recipe,  slightly  modified,  and  details  of  manufacture  will 
be  found  in  Part   VII. 

Remarks. — This  official  represents  ferrous  sulphate  in  the  form  of 
small  crystals  called  granules.  It  is  prepared  by  dissolving  ferrous 
sulphate  in  water  containing  diluted  sulphuric  acid,  evaporating  to 
a  certain  degree  of  concentration,  and  stirring  the  mixture  while  it 
is  cooling.  (See  p.  148.)  In  this  way  the  salt  separates  into  small 
crystals,  which  are  immediately  transferred  to  a  funnel,  stoppered 
with  a  plug  of  cotton,  the  mother  liquid  allowed  rapidly  to  drain  off, 
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and  the  crystals  then  freed  from  the  remaining  adhering  water  by- 
pouring  through  a  small  quantity  of  alcohol;  the  object  of  washing 
with  alcohol  being  to  dry  the  granules  as  rapidly  as  possible,  and 
that  without  a  loss  of  water  of  crystallization.  It  should  be  empha- 
sized that,  theoretically,  granulated  ferrous  sulphate  contains  exactly 
the  same  amount  of  water  as  does  the  crystalline,  although  in  practice 
it  usually  loses  a  small  amount  of  its  water  of  hydration  by  efflores- 
cence. '^ 
Dose. — 200  milligrammes  (3  grains). 

FERRI   SULPHAS  EXSICCATUS.     Exsiccated  Ferrous  Sulphate. 

Ofl&cial  recipe  and  details  of  manufacture  will  be  found  in  Part  VII. 

Remarks. — This  preparation  is  made  by  efflorescing  crystallized 
ferrous  sulphate  and  then  exsiccating  on  a  sand-bath;  100  Gm.  of 
the  crystallized  yielding  64  to  65  Gm.  exsiccated  salt. 

It  will  be  seen  that  the  exsiccated  salt  is  a  much  more  concen- 
trated preparation  than  the  crystalline,  and,  therefore,  for  a  similar 
dose,  about  three-fifths  as  much  need  be  given.  It  is  admirably 
adapted  for  pills,  since  the  same  amount  of  ferrous  sulphate  can  be 
given  in  the  exsiccated  form  in  a  much  smaller  bulk.  For  this  reason 
it  is  a  constituent  of  the  official  pills  of  aloes  and  iron. 

Dose. — 125  milligrammes  (2  grains). 

Ferrous  oxalate  (U.  S.  P.  1880),  FeCr204,  is  made  by  treating  ferrous  sulphate 
with  oxalic  acid,  and  this  process  explains  the  value  of  oxalic  acid  as  a  remover  of 
ink-stains.  Most  black  ink  is  tannate  of  iron,  and  if  to  this  oxalic  acid  be  added,  the 
tannic  acid  is  replaced  by  oxalic  acid,  and  the  resulting  ferrous  oxalate  leaves  a  light 
yellow  stain,  instead  of  the  pronounced  black  of  the  ink,  and  while  the  stain  is  as 
msoluble  as  is  ink,  it  does  not  show.  In  using  oxalic  acid  for  this  purpose  great  care 
must  be  taken  lest  it  injure  the  fabric. 

FERRIC  SALTS 

Having  already  given  the  structure  of  ferric  salts  our  careful 
consideration,  we  can  proceed  to  the  discussion  of  the  compounds 
themselves,  commencing  with  one  that  will  thoroughly  explain  the 
transition  from  the  ferrous  to  the  ferric  state,  namely: 

FERRI  CHLORIDUM.     Ferric  Chloride. 

Ferric  Chloride  should  contain  not  less  than  22  per  cent,  of  metallic  iron  in  the 
form  of  chloride. 

Recipe. — Solution  of  Ferric  Chloride,  one  hundred  grammes .   100  Gm. 

To  make  forty  grammes .  .     40  Gm. 

Evaporate  the  Solution  of  Ferric  Chloride  on  a  water-bath  until  it  weighs  forty 
grammes;  then  set  it  aside  in  a  glass-covered  vessel,  until  it  forms  a  crystalline  mass. 
Lastly,  break  the  salt  into  pieces,  and  keep  it  in  glass-stoppered  bottles,  protected 
from  light. 

Orange-yellow,  crystalline  pieces,  odorless,  or  having  a  faint  odor  of  hydrochloric 
acid,  and  a  strongly  styptic  taste. 

Very  deliquescent  m  moist  air. 

Freely  and  completely  soluble  in  water  and  in  alcohol;  also  in  a  mixture  of  1  part 
of  ether  and  3  parts  of  alcohol. 

At  35.5°  C.  (96°  F.)  the  salt  fuses  to  a  reddish-brown  liquid.  When  strongly 
heated  it  decomposes,  losing  water  and  hydrochloric  acid,  while  the  anhydrous  salt 
sublimes,  leaving  a  residue  of  ferric  oxide. 
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Tests  for  Identity. — See  Iron  and  Chlorides  in  Part  V. 

Impurities. — Heavy  metals,  excess  of  nitric  acid,  and  ferrous 
salt.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — In  making  this  salt,  we  first  treat  iron  with  hydro- 
chloric acid,  which  gives  us  ferrous  chloride,  FeClg,  by  the  following 
reaction: 

Fe     +     2HC1     =     Hj     +     FeCl^. 

It  is  important  to  note  that  usually  a  metal  treated  with  an  acid 
will  yield  an  "ous"  salt  of  that  metal;  that  salt  exhibiting  the  metal 
in  its  lowest  valence.  Hence  we  get  in  this  case  ferrous  chloride, 
which  is  analogous  to  ferrous  oxide,  which  we  do  not  want.  We  wish 
ferric  chloride,  and  how  are  we  to  get  it?  How  did  we  make  sulphuric 
oxide  from  sulphurous  oxide?  See  p.  420:  by  oxidizing  with  nitric 
acid;  and  that  is  exactly  what  we  do  with  ferrous  chloride  to  change 
it  into  ferric  chloride;  the  reaction  being: 

6FeCl2     +     6HC1     +     2HNO3     =     N^O^     +     AUJO     +     SFe^Cl^. 

Compare  this  reaction  with  that  of  the  conversion  of  sulphurous  oxide 
to  sulphuric  oxide,  given  on  p.  420,  and  the  analogy  will  be  noted. 

The  three  molecules  of  HNO3  break  into  N2O2,  H2O,  and  three 
atoms  of  oxygen,  and  on  the  basis  of  the  three  atoms  of  oxygen, 
yielded  by  the  two  molecules  of  nitric  acid,  hangs  the  entire  propor- 
tion of  the  equation. 

Note  that  in  this  oxidation  the  oxygen  does  not  combine  with  the 
iron,  but  that  it  seizes  the  hydrogen  of  the  hydrochloric  acid,  setting 
the  chlorine  free  and  giving  it  a  chance  to  combine  with  the  iron  of 
the  ferrous  chloride.  This  is  a  confirmation  of  the  assertion  on  p.  420 
that  the  function  of  an  oxidizing  agent  is  not  merely  that  of  adding 
oxygen  to  a  substance,  but  that  its  main  effort  is  toward  raising  the 
valence  of  one  of  the  elements  entering  into  the  reaction.  Moreover, 
the  element  whose  valence  is  raised  is  not  necessarily  the  one  which 
is  oxidized. 

The  pharmacopceial  statement  that  ferric  chloride  is  soluble  in  a  mixture  of  ether 
and  alcohol  is  made  use  of  in  Rothe's  process  for  the  quantitative  estimation  of  iron. 

The  official  ferric  chloride  is  used  as  a  styptic  externally,  and 
internally  as  a  tonic. 

Dose. — 65  milligrammes  (1  grain). 

LIQUOR    FERRI    CHLORIDI.     Solution  of  Ferric  Chloride. 

An  aqueous  solution  of  Ferric  Chloride,  which  should  contain  not  less  than  29 
per  cent,  of  the  anhydrous  salt  [FeCl3  =  161.04],  corresponding  to  10  per  cent,  of 
metallic  iron. 

Recipe. — Iron,  in  the  form  of  fine,  bright  wire,  and  cut  into 

small  pieces,  one  hundred  arid  twenty-five  grammes .  125  Gm. 
Hydrochloric  Acid,  six  hundred  and  eighty  grammes  680  Gm. 
Nitric  Acid,  ' 

Distilled  Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  grammes . .   1000  Gm. 
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Introduce  the  Iron  Wire  into  a  flask  having  a  capacity  of  about  two  thousand 
cubic  centimeters,  pour  upon  it  a  mixture  of  four  hundred  and  twenty  grammes  of  Hy- 
drochloric Acid  and  two  hundred  and  fifty  cubic  centimeters  of  Distilled  Water,  and 
heat  upon  a  water-bath  for  not  less  than  one  hour  and  fifteen  minutes,  or  until  effer- 
vescence ceases;  then  boil  the  liquid,  filter  it  through  paper,  and,  having  rinsed  the 
flask  and  Iron  Wire  with  a  little  hot  Distilled  Water,  pass  the  rinsings  through  the 
filter.  To  the  filtered  liquid  add  two  hundred  and  twenty  grammes  of  Hydrochloric 
Acid,  add  the  mixture  slowly  and  gradually,  in  a  stream,  to  sixty-five  grammes  of 
Nitric  Acid  contained  in  a  capacious  porcelain  vessel,  and  warm  gently.  After 
effervescence  ceases,  apply  heat,  by  means  of  a  sand-bath,  stirring  occasionally,  until 
the  hquid  is  free  from  Nitric  Acid.  If  the  solution  has  acquired  a  black  color,  con- 
tinue the  addition  of  Nitric  Acid,  drop  by  drop,  until  red  fumes  are  no  longer  evolved 
and  the  solution  assumes  a  clear  reddish-brown  color.  Finally,  add  the  remaining 
forty  grammes  of  Hydrochloric  Acid  and  enough  Distilled  Water  to  make  the  Solution 
weigh  one  thousand  grammes. 

A  reddish-brown  liquid,  having  a  faint  odor  of  hydrochloric  acid,  an  acid, 
strongly  styptic  taste,  and  an  acid  reaction. 

Specific  gravity:  about  1.315  at  25°  C.  (77°  F.). 

If  the  iron  be  completely  precipitated  from  a  portion  of  the  Solution  by  an  excess 
of  ammonia  water,  the  filtrate  should  be  colorless,  and  should  not  yield  a  precipitate 
with  hydrogen  sulphide  T.S.  (absence  of  zinc  or  copper);  nor  should  it  leave  a  fixed 
residue  on  evaporation  and  gentle  ignition  (absence  of  salts  of  the  fixed  alkalies). 

If  to  3  drops  of  Solution  of  Ferric  Chloride,  10  Cc.  of  tenth-normal  sodium  thio- 
sulphate  V.S.  be  added,  and  then  slowly  heated  to  boiling,  no  brownish-red  precipitate 
of  ferric  hydroxide  should  separate  (absence  of  oxychloride). 

Tests  for  Identity. — See  Iron  and  Chlorides  in  Part  V. 

Impurities. — Zinc,  copper,  fixed  alkaline  salts,  and  oxychloride, 
see  above.     Nitric  acid  and  ferrous  salts.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

This  preparation  contains  29  per  cent,  of  anhydrous  salt,  the 
solution  containing  an  excess  of  free  hydrochloric  acid.  It  is  rarely 
administered  in  medicine,  the  tincture  of  ferric  chloride  being  preferred 
for  internal  use,  and  Monsel's  solution  is  better  for  external  styptic 
purposes. 

Dose. — 0.1  Cc.  (1^  minims). 

TINCTURA  FERRI   CHLORIDI.     Tincture  of  Ferric  Chloride. 

A  hydro-alcoholic  solution  of  Ferric  Chloride  [FeCl3  =  161.04],  containing  not  less 
than  13.28  per  cent,  of  the  anhydrous  salt,  corresponding  to  4.6  (4.58)  per  cent,  of 
metallic  iron. 

Recipe. — Solution  of  Ferric  Chloride,  three  hundred  and  fifty 

cubic  centimeters 350  Cc. 

Alcohol,  a  sufficient  quantity,  ' 

To  make  one  thousand  cubic  centimeters .  .   1000  Cc. 

Mix  the  Solution  with  enough  Alcohol  to  make  one  thousand  cubic  centimeters. 
Let  the  Tincture  stand,  in  a  closely  covered  vessel,  protected  from  light,  at  least  three 
months;  then  transfer  it  to  glass-stoppered  bottles,  and  keep  it  protected  from  light. 

A  bright,  brownish  liquid,  having  a  slightly  ethereal  odor,  a  very  astringent, 
styptic  taste,  and  an  acid  reaction. 

Specific  gravity:  about  1.005  at  25°  C.  (77°  F.). 

After  the  Tincture  has  been  exposed  tor  some  time  to  daylight,  it  yields  a  greenish 
or  greenish-blue  color  with  potassium  ferricyanide  T.S.,  showing  the  presence  of  some 
ferrous  salt,  due  to  reduction. 

Tests  for  Identity. — See  Iron  and  Chlorides  in  Part  V. 
Impurity. — Nitric  acid.     Details  in  Part  V. 
Assay. — Details  in  Part  V. 
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Remarks. — This  galenic  preparation  is  made  by  combining  350  Cc. 
of  solution  of  ferric  chloride  with  alcohol,  to  make  1000  Cc,  and  allow- 
ing same  to  stand  for  three  months  before  dispensing,  in  order  that 
the  free  hydrochloric  acid  found  in  the  solution  will  have  time  to  act 
on  the  alcohol  and  form  compound  ethers,  which  render  it  more 
active. 

The  tincture  of  ferric  chloride  is  one  of  the  most  satisfactory 
means  for  the  administration  of  iron.  The  chief  objection  is  the  fact 
that,  when  taken  directly  into  the  mouth,  it  is  apt  to  injure  the 
teeth,  due  partly  to  the  iron,  but  chiefly  to  the  excess  of  acid  present 
in  the  preparation.  It  is,  therefore,  generally  directed  to  be  adminis- 
tered largely  diluted  with  water  and  sucked  through  a  tube.  A  very 
simple  and  effective  method  of  administration,  totally  devoid  of  any 
danger  of  injuring  the  teeth,  is  to  drop  the  dose  of  the  tincture  into 
a  gelatin  capsule  of  appropriate  size,  say,  No.  2  or  No.  3,  and  then 
swallowing  same  immediately  in  a  draught  of  water.  Such  capsules 
are  unstable,  the  water  in  the  tincture  dissolving  the  gelatin,  and 
hence  must  be  made  by  the  patient  at  the  moment  of  administration — 
a  very  simple  matter  when  the  proper  directions  are  given. 

Dose. — 0.5  Cc.  (8  minims). 

The  tincture  of  ferric  chloride  is  an  ingredient  of  the  solution  of 
iron  and  ammonium  acetate.     (See  p.  565.) 

FERRI  HYPOPHOSPHIS.    Ferric  Hypophosphite. 

Fe(PHj02)3  =  249.09 

It  should  contain  not  less  than  98  per  cent,  of  pure  Ferric  Hypophosphite 
[(PH20.0)3Fe]  and  should  be  kept  in  well-stoppered  bottles. 

A  white  or  grayish-white  powder,  odorless  and  nearly  tasteless;  perman^t  in  the 
air. 

Soluble  in  2300  parts  of  water  at  25°  C.  (77°  F.)  and  in  1200  parts  of  boiling 
water;  more  readily  soluble  in  the  presence  of  hypophosphorous  acid,  or  in  a  warm, 
concentrated  solution  of  an  alkali  citrate,  forming  with  the  latter  a  green  solution. 

When  strongly  heated  in  a  test-tube  the  salt  evolves  spontaneously  inflammable 
hydrogen  phosphide  gas,  and,  on  complete  ignition,  leaves  a  residue  of  ferric  pyro- 
phosphate. 

Ferric  Hypophosphite  is  readily  oxidized  by  nitric  acid  or  other  oxidizing  agents. 

Tests  for  Identity. — See  Iron  and  Hypophosphites  in  Part  V. 

Impurities. — Carbonate,  calcium,  phosphate,  and  heavy  metals. 
Details  in  Part  V. 

Ferric  hypophosphite,  Fe(PH202)3,  seems  to  present  a  very  difficult 
symbolic  formula.  However,  a  complete  explanation  of  the  formula 
of  hypophosphorous  acid,  HPHjOj,  is  given  on  p.  430.  The  formula 
there  given  shows  but  one  hydroxyl  group,  and  a  dictum  in  chemistry 
is  that  in  all  inorganic  acids,  save  the  haloids,  only  those  hydrogen 
atoms  found  in  a  hydroxyl  group  are  replaceable  by  a  metal.  Hence, 
hypophosphorous  acid  has  but  one  replaceable  hydrogen;  unlike  its 
near  relative,  phosphoric  acid,  whose  graphic  formula,  given  on  p.  373, 
shows  it  to  have  three  hydroxyls,  and  therefore  three  replaceable 
hydrogens. 

Since  one  molecule  of  hypophosphorous  acid  contains  but  one 
atom  of  replaceable  hydrogen,  and  since  the  valence  of  ferric  iron 
is  III,  or,  if  preferred,  (Feg)^',  two  atoms  of  ferric  iron,   which  can 
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replace   six   atoms  of  hydrogen,  will  combine   with  six  molecules  of 
hypophosphorous  acid,  thus: 


Fe=  '-"■    Fe 

■  W_  HP  HA  T    ^ 

j  plus  gives     I 

fP-  HP  HA  fO 

■  w_  HPH,0,  ■    W 


—  PH^Oj 

—  PH3O3 

—  PH,0, 


Fe,(PH,03), 


PH2O, 

PH  A 

HP  HA  ■    ^ PHA 


This  official  salt  is  made  by  treating  a  solution  of  calcium  hypo- 
phosphite  with  a  solution  of  ferric  chloride,  when  ferric  hypophosphite 
is  produced  by  the  following  reaction: 

aCaCPHaO^)^     +     Fe^Cle     =     2Fe(PlI^0,\     +     SCaCl^. 

In  this  case  calcium  chloride  dissolves,  while  the  ferric  hypo- 
phosphite  precipitates. 

Ferric  hypophosphite  possesses  properties  similar  to  all  hypo- 
phosphites,  with  the  addition  of  the  advantage  of  being  a  chalybeate 
tonic. 

Dose. — 200  milligrammes  (3  grains). 

Ferric  valerianate  (U.  S.  P.  1890),  Fe(C5H  A)3>  is  the  ferric  salt  of  valerianic 
acid,  the  chemistry  of  which  will  be  found  on  p.  688.  It  is  made  by  the  double 
decomposition  of  sodium  valerianate  with  ferric  sulphate,  the  reaction  being  as 
follows: 

eNaCjHA     +     Fe^CSO,),     =     SNa^SO^     +     2Fe(C,HA)3- 

The  insoluble  ferric  valerianate  thus  produced  is  separated  from  the  sodium 
sulphate  by  filtration  and  subsequent  washing  of  the  precipitate. 

The  ferric  valerianate  is  given  as  a  tonic  and  nervine  in  doses  of  from  0.3-0.6  Gm. 
(5-10  grains). 

FERRI   ET  AMMONII   SULPHAS.     Ferric  Ammonium  Sulphate. 

FeNH,(SO,)a  +  I2H2O  =  478.69 

It  should  contain,  in  the  uneffloresced  condition,  99.5  per  cent,  of  pure  Ferric 
Ammonium  Sulphate  and  not  less  than  11.5  per  cent,  of  metallic  iron.  It  should  be 
kept  in  well-stoppered  bottles,  protected  from  light. 

Pale  violet,  octahedral  crystals,  without  odor,  and  having  an  acid,  styptic  taste; 
efflorescent  on  exposure  to  the  air. 

Soluble  in  2.7  parts  of  water  at  25°  C.  (77°  F.)  and  in  0.8  part  of  boiling  water; 
insoluble  in  alcohol. 

When  strongly  heated  the  crystals  fuse,  lose  their  water  of  crystallization, 
expand,  and  finally  leave  a  pale  brown  residue. 

Tests  for  Identity. — See  Iron,  Ammonium,  and  Sulphates  in  Part  V. 

Impurities. — Aluminum  and  chlorides.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Ferric  ammonium  sulphate  is  the  well-known  ferric 
alum,  the  chemistry  of  which  was  thoroughly  explained  on  p.  536, 
among  the  other  alums,  hence  we  only  need  to  emphasize  the  analogy 
between  the  official  alum  and  ferric  alum: 

Alum  (U.  S.  P.)  is K3S04Alj(S04)324HjO. 

Ferric  alum  is (NH,)jSO,Fe2(SOj324H,0. 
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As  already  explained  under  Alum  (p.  535),  the  present  pharma- 
copoeia gives  both  alums,  the  above  formulse  divided  by  two. 

Ferric  alum  is  made  by  combining  molecular  quantities  of  the 
solution  of  ferric  sulphate  with  a  solution  of  ammonium  sulphate. 
On  evaporating  the  mixture  the  pure  crystals  of  ferric  alum  separate, 
leaving  the  dark-brown  mother  liquor.  As  already  mentioned  on 
p.  536,  ferric  alum  possesses  very  few  of  the  properties  of  the  average 
iron  salt,  being  much  more  similar  to  the  alums. 

It  is  used  as  styptic  and  very  rarely  internally. 

Dose. — 500  milligrammes  (7^  grains). 

Ferric  sulphate,  Fej  (804)3,  which  is  graphically    ffi^^^* 

SO, 

F6=so„ 

is  official  in  the  form  of  a  solution  containing  36  per  cent,  of  ferric 
sulphate — called  liquor  ferri  fersulphatis,  to  distinguish  it  from  the 
official  solution  of  the  basic  salt,  liquor  ferri  suhsulphatis,  which  is 
commonly  called  ''Monsel's  solution." 

LIQUOR  FERRI  TERSULPHATIS.    Solution  of  Ferric  Sulphate. 

An  aqueous  solution,  which  should  contain  about  36  per  cent,  of  normal  Ferric 
Sulphate  [Fe2(S02.02)3  =  397.05],  corresponding  to  not  less  than  10  per  cent,  of  metallic 
iron. 

A  dark  reddish-brown  liquid,  almost  odorless,  having  an  acid,  strongly  styptic 
taste,  and  an  acid  reaction. 

Specific  gravity:  about  1.432  at  25°  C.  (77°  F.). 

Miscible  with  water  and  alcohol,  in  all  proportions,  without  decomposition. 

On  slowly  mixing  2  volumes  of  the  Solution  with  1  volume  of  concentrated  sul- 
phuric acid,  in  a  beaker,  no  solid  white  mass  should  separate  on  standing  (difference 
from  subsidphate) . 

Recipe  and  details  of  manufacture  in  Part  VII. 

Tests  for  Identity. — See  Iron  and  Sulphates  in  Part  V. 

Impurities. — Subsulphate,  see  above.  Nitric  acid  and  ferrous 
salt.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Solution  of  ferric  sulphate  is  made  by  the  oxidation  of 
ferrous  sulphate  with  nitric  acid,  and  by  a  process  entirely  analogous 
to  that  described  under  the  head  of  ferric  chloride.  Details  on  p.  556. 
As  in  the  case  of  ferric  chloride,  it  is  seen  that,  to  accomplish  this 
result,  not  only  is  nitric  acid  necessary,  but  also  an  additional  quantity 
of  the  characteristic  acid,  in  this  case  sulphuric  acid,  the  amount  of 
the  latter  being  directly  proportional  to  the  difference  in  SO4  groups 
expressed  in  the  two  formulas,  ferrous  sulphate  and  ferric  sulphate. 

The  solution  of  tersulphate  of  iron  is  one  of  the  most  important  of 
the  iron  preparations,  although  very  rarely  called  for  in  prescriptions 
or  at  the  counter.  It  is  the  basis  of  all  the  scale  salts  of  iron,  and 
is  the  iron  constituent  used  in  preparing  the  antidote  for  arsenic. 
For  this  reason,  if  for  no  other,  the  pharmacist  must  keep  in  stock  a 
solution  of  tersulphate  of  iron. 
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It  is  worth  noting  that  the  ferric  sulphate  of  this  preparation  is 
the  true  persulphate  of  iron,  though,  through  an  unfortunate  blunder, 
custom  has  established  the  precedent  of  calling  the  solution  of  sub- 
sulphate  of  iron  "  solution  of  persulphate  of  iron." 

LIQUOR    FERRI    SUBSULPHATIS.     Solution  of  Ferric  Subsulphate. 

An  aqueous  solution  of  variable  chemical  composition,  containing  an  amount  of 
basic  ferric  sulphate  corresponding  to  not  less  than  13.57  per  cent,  of  metallic  iron. 

Recipe. — Ferrous  Sulphate,  in  clear  crystals,  six  hundred 

and  seventy-five  grammes 675  Gm. 

Sulphuric  Acid,  sixty-five  grammes 65  Gm. 

Nitric  Acid, 

Distilled  Water,  each,  a  sufficient  quantity, 

To  make  one  thousand  grammes . .   1000  Gm. 

Add  the  Sulphuric  Acid  to  five  hundred  cubic  centimeters  of  Distilled  Water  in  a 
capacious  porcelain  dish,  heat  the  mixture  to  nearly  100°  C.  (212°  F.),  then  add 
seventy  grammes  of  Nitric  Acid,  and  mix  well.  Divide  the  Ferrous  Sulphate,  coarsely 
powdered,  into  four  equal  portions,  and  add  these  portions,  one  at  a  time,  to  the  hot 
liquid,  stirring  after  each  addition  until  eflfervescence  ceases.  If,  after  the  Ferrous 
Siilphate  has  been  dissolved,  the  solution  is  of  a  black  color,  add  Nitric  Acid,  a  few 
drops  at  a  time,  with  heating  and  stirring,  until  it  no  longer  causes  red  fumes  to  be 
evolved;  then  boil  the  Solution  until  it  assumes  a  ruby-red  color  and  is  free  from  nitric 
acid.  Lastly,  add  enough  Distilled  Water  to  make  the  product  weigh  one  thousand 
grammes.  Filter  if  necessary.  Keep  it  in  well-stoppered  bottles,  in  a  moderately 
warm  place  (not  under  22°  C.  or  71.6°  F.),  protected  from  light. 

This  solution  sometimes  crystallizes,  forming  a  semisolid,  whitish  mass.  When 
this  occurs,  the  application  of  a  gentle  heat  to  the  bottle  will  restore  the  liquid  con- 
dition. 

A  dark  reddish-brown  liquid,  odorless  or  nearly  so,  of  an  acid,  strongly  styptic 
taste,  and  an  acid  reaction. 

Specific  gravity:  about  1.548  at  25°  C.  (77°  F.). 

Miscible  with  water  and  alcohol,  in  all  proportions,  without  decomposition. 

On  slowly  mixing  2  volumes  of  the  Solution  with  1  volume  of  concentrated  sul- 
phuric acid,  in  a  beaker,  a  semisolid  white  mass  should  separate  on  standing  (dif- 
ference from  tersidphate) . 

Tests  for  Identity. — See  Iron  and  Sulphates  in  Part  V. 

Impurities. — Tersulphate,  see  above.  Nitric  acid  and  ferrous  salt. 
Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  is  commonly  called  Monsel's  solution.  The 
prefix  "sub"  means  a  basic  salt — a  combination  of  an  oxide  of  a 
metal  with  a  salt  of  the  same  metal.  Thus,  ferric  sw6sulphate  is  a 
combination  of  ferric  sulphate  and  ferric  oxide;  bismuth  swfcnitrate 
is  a  combination  of  bismuth  nitrate  and  bismuth  oxide;  and  so  on. 
Note  that  in  the  pharmacopoeia  of  1900,  no  symbolic  formula  is 
assigned  Monsel's  solution,  it  being  described  as  of  "variable  chemical 
composition."  In  the  pharmacopoeia  of  1880  the  formula  was  given 
as  Fe40(S04)5,  which  may  be  untangled  as  follows: 

If  we  take  three  molecules  Fe40(S04)5  we  get Feij03(S04)i5 

Subtract  from  this Fe^Oa 

We  have  left Feio(SO,)i5 

Or 5Fej(S04)3. 

In  other  words,  five  molecules  of  ferric  sulphate  and  one  molecule  of 
ferric  oxide  give  three  molecules  of  ferric  subsulphate. 

36 
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Both  solutions — of  ferric  subsulphate  and  of  ferric  tersulphate — 
are  made  from  ferrous  sulphate,  just  as  ferric  chloride  was  made  from 
ferrous  chloride — by  oxidation  with  nitric  acid,  the  reaction  in  making 
ferric  tersulphate  being: 

6FeS0,     +     3H2SO,     +     2HNO3     =     SFe^CSOJa     +     NA     +     4H2O. 

Compare  this  to  the  equation  in  making  subsulphate,  viz.: 

12FeS0,     +     3H^S0,     +     4HNO3     =     SFe.OCSOJj     +     2Nfi^     +     5H3O. 

This  shows  that  while  three  molecules  of  sulphuric  acid  are  used 
in  both  reactions,  that  quantity  suffices  for  six  molecules  of  ferrous 
sulphate  in  making  the  tersulphate,  and  for  twelve  molecules  of  ferrous 
sulphate  when  the  subsulphate  is  made.  In  other  words,  in  making 
the  tersulphate  from  a  given  quantity  of  ferrous  sulphate,  twice  as 
much  sulphuric  acid  is  required  as  is  needed  to  make  the  subsulphate. 
The  N2O2  of  the  equations  just  given  is  a  colorless  gas,  which  on  coming 
in  contact  with  the  air  is  instantly  converted  into  N2O4,  which  we  met 
in  the  sulphuric  acid  manufacture  and  which  form  the  red  fumes  spoken 
of  in  the  pharmacopceial  process. 

Note  that  Monsel's  solution — the  subsulphate — is  to  be  dispensed 
when  the  persulphate  is  called  for. 

As  just  mentioned  above,  the  solution  of  subsulphate  of  iron 
differs  from  the  solution  of  tersulphate  of  iron  in  that  it  is  made  from 
less  sulphuric  acid  and  more  ferrous  sulphate.  This  is  best  shown 
by  a  comparison  of  the  quantities  of  the  ingredients  of  the  two  solu- 
tions: 

Ferrous  Sulphate.     Sulphuric  Acid. 
Solution  of  tersulphate 500  Gm.  96  Gm.  \  to  1000  Gm.  fin- 
Solution  of  subsulphate 675  Gm.  65  Gm.  i      ished  product. 

In  comparing  the  pharmacopceial  description  of  the  two  solutions, 
it  will  be  seen  that  the  simplest  test  of  distinction  is  the  behavior  of 
each  when  treated  with  an  equal  quantity  of  concentrated  sulphuric 
acid.  Under  such  treatment  the  subsulphate  forms  a  semisolid  mass, 
while  the  tersulphate  forms  a  clear,  limpid  liquid. 

The  solution  of  subsulphate  of  iron  is  a  favorite  styptic  and 
astringent,  used  for  staunching  the  flow  of  blood,  and  is  rarely  given 
internally.  The  residue  from  the  evaporation  of  the  solution,  termed 
Monsel's  powder  in  commercial  usage,  is  very  largely  used  for  this 
purpose,  especially  in  barber  shops  for  the  drying  up  of  cuts  produced 
in  shaving. 

Dose. — 0.2  Cc.  (3  minims). 

FERRI   HYDROXIDUM.     Ferric  Hydroxide. 

Fe(0H)3  =  106.14 

[Ferri  Oxidum  Hydratum,  Pharm.  1890] 

Recipe. — Solution  of  Ferric  Sulphate,  one  hundred  cubic 

centimeters 100  Cc. 

Ammonia  Water,  one  hundred  and  thirty-eight  cubic 

centimeters 138  Cc. 

Water,  a  sufficient  quantity. 
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To  the  Ammonia  Water,  previously  diluted  with  five  hundred  cubic  centimeters 
of  cold  water,  add,  with  constant  stirring,  the  Solution  of  Ferric  Sulphate,  previously 
diluted  with  one  thousand  cubic  centimeters  of  cold  Water.  As  soon  as  the  precipitate 
has  subsided,  draw  off  the  clear  Hquid  by  means  of  a  siphon,  then  mix  the  precipitate 
intimately  with  about  one  thousand  cubic  centimeters  of  cold  Water,  again  draw  off 
the  clear  liquid  after  subsidence  of  the  precipitate,  and  repeat  this  operation,  until 
a  portion  of  the  decanted  liquid  gives  not  more  than  a  slight  cloudiness  with  barium 
cliloride  test  solution.  Finally,  transfer  the  precipitate  to  a  wet  muslin  strainer, 
and,  after  it  has  drained,  mix  it  with  sufficient  cold  Water  to  make  the  mixture  weigh 
three  hundred  grammes. 

Ferric  Hydroxide,  thus  prepared,  is  a  brownish-red  magma,  wholly  soluble  in 
hydrochloric  acid  without  effervescence. 

Remarks. — Ferric  hydroxide,  or  ferric  hydrate  (Fe(0H)3),  is  formed 
by  the  following  reaction: 

Fe,(S0,)3     +     6NH,0H     =     2Fe(OH)3     +     SCNHJ^SO,. 

It  is  a  red-brown,  thick,  tenacious  precipitate,  called  a  "magma," 
already  mentioned  (p.  141). 

In  making  this  official,  it  is  very  important  that  the  tersulphate 
solution  be  added  to  the  diluted  ammonia.  If  the  reverse  operation 
is  performed,  we  obtain  an  oxyhydrate  rather  than  the  hydroxide 
itself. 

Since  ferric  hydroxide  very  rapidly  decomposes  into  water,  and 
ferric  oxide,  which  is  insoluble  even  in  acids,  it  must  be  freshly  pre- 
pared when  wanted,  and  since  when  needed  for  poisoning  with  ar- 
senic, it  must  be  dispensed  with  the  least  possible  loss  of  time,  every 
pharmacist  should  keep  on  hand  diluted  solutions  of  ammonia  water 
and  of  ferric  sulphate.  Moreover,  in  order  to  expedite  matters,  it  is 
advisable  to  place  convenient  to  the  bottles  holding  these  two  solutions 
strainers  and  their  required  paraphernalia.  Since  the  dispensing  of 
these  preparations  for  poisoning  by  arsenic,  fortunately,  does  not 
occur  every  day,  this 'outfit  may  rest  on  the  shelf  for  years  without 
being  used.  Such  being  the  case,  it  is  advisable  to  renew,  from  time 
to  time,  the  diluted  ammonia  water.  The  diluted  solution  of  ferric 
sulphate  keeps  perfectly.  When  dispensed  as  an  antidote  for  arsenic 
poisoning,  haste  is  the  prime  requirement,  and  hence  the  pharmacist 
need  not  bother  about  washing  the  precipitate  completely  free  from 
the  ammonium  sulphate.  All  that  is  necessary  is  to  free  the  magma 
from  ammonia  water.  In  practice  it  is  best  to  prepare  rapidly  a 
small  quantity  of  the  magma,  say,  one  or  two  ounces,  in  a  very  incom- 
plete way,  and  despatch  this  to  the  sufferer  with  the  promise  of  an 
additional  quantity  to  be  sent  later  on.  This  additional  quantity 
can  be  prepared  with  more  regard  to  pharmacopoeial  requirements. 
However,  for  the  purpose  of  an  antidote  for  arsenic  the  ferric  hydrox- 
ide with  magnesia  is  preferred. 

For  chemical  purposes,  such  as  for  the  manufacture  of  scale  salts 
and  the  detannating  of  pharmaceuticals,  the  ferric  hydroxide  so  em- 
ployed should  be  totally  free  from  ammonium  sulphate.  The  process  of 
washing  the  precipitate  is  very  tedious.  The  writer,  for  such  purposes, 
throws  the  magma  on  large  canvas  strainers  of  texture  sufficiently 
coarse  to  permit  the  passage  of  water.  Through  such  strainers, 
however,  a  considerable  quantity  of  the  magma  is  apt  to  escape  at 
first,  and  in  order  that  none  of  this  be  lost,  the  strainers  are  arranged 
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in  a  rack,  so  that  tiers  of  at  least  three  such  strainers  are  employed. 
In  this  way  the  magma  passing  through  the  top  strainer  had  a  chance 
to  collect  on  the  second  strainer,  and  that  which  passed  through  the 
second  strainer  was  almost  sure  to  be  retained  by  the  third  one. 
Beneath  the  third  strainer  a  suitable  receptacle  for  collecting  the 
drippings  was  placed.  After  the  precipitate,  with  its  supernatant 
liquor,  had  been  transferred  to  the  strainers,  the  wash-water  was 
introduced  into  the  top  strainer  by  means  of  a  siphon,  so  regulated 
that  the  amount  of  water  dripping  through  exactly  replaces  the  amount 
of  water  dripping  therefrom. 

In  this  way  large  quantities  of  magma  can  be  readily  washed 
within  twelve  to  eighteen  hours. 

Ferric  hydroxide  was  introduced  into  medicine  by  reason  of  its  value 
as  an  antidote  for  arsenic,  the  discovery  of  this  property  being  made 
by  Bunsen  and  Berthold  in  1834.  The  chemical  reason  of  the  efficiency 
of  the  hydroxide  for  this  purpose  is  very  simple,  being  due  to  the  for- 
mation of  the  insoluble  ferric  arsenite,  as  shown  in  the  following 
equation: 

3AS2O3     +     2Fe(OH)3     =     2Fe(As02)3     +     SHjO. 

For  antidotal  purposes  it  is  administered  in  tablespoonful  doses, 
followed  by  an  emetic,  and,  as  mentioned  above,  the  ferric  hydroxide 
with  magnesia  is  now  considered  preferable. 

Pharmaceutically,  ferric  hydroxide  is  the  basis  of  the  scale  prepara- 
tions of  iron.  It  is  also  the  iron  constituent  of  the  lozenges  of  iron 
and  the  plaster  of  iron. 

Dialyzed  iron  is  an  unofficial  modification  of  ferric  hydroxide,  and  has  already  been 
discussed  as  a  type  of  the  products  of  dialysis  (p.  150\ 

This  preparation  was  originally  made  by  treating  solution  of  ferric  chloride  with 
freshly  precipitated  ferric  hydroxide.  It  is  now  usually  made  by  treating  solution 
of  ferric  chloride  with  ammonia  water.  The  mixture  fs  placed  on  the  dialyzing 
membrane,  when  crystalline  substances,  ammonium  chloride  and  ferric  chloride, 
pass  through  the  septum,  leaving  colloidal  ferric  oxychloride,  of  composition  vary- 
ing from  FejClg,  llFeaOg  to  YqJuX^,  SlFeA- 

Dialyzed  Iron  is  a  limpid,  red-brown  liquid,  free  from  acidity  and  without 
styptic  taste.     It  is  used  as  a  tonic  in  doses  of  5  to  30  drops. 

FERRI  HYDROXIDUM  CUM  MAGNESII  OXIDO.     Ferric  Hydroxide 
with  Magnesium  Oxide. 

[Ferri  Oxidum  Hydratum  cum  Magnesia,  Pharm.  18981 

Recipe. — Solution  of  Ferric  Sulphate,  forty  cubic    centime- 
ters   40  Co. 

Magnesium  Oxide,  ten  grammes 10  Gm. 

Water,  a  sufficient  quantity. 

Mix  the  Solution  of  Ferric  Sulphate  with  one  hundred  and  twenty-five  cubic  centi- 
meters of  Water,  and  keep  the  liquid  in  a  large,  well-stoppered  bottle.  Rub  the 
Magnesium  Oxide  with  cold  Water  to  a  smooth  and  thin  mixture,  transfer  this  to  a 
bottle  capable  of  holding  about  one  thousand  cubic  centimeters,  and  fill  it  with  Water 
to  about  three-fourths  of  its  capacity.  When  the  preparation  is  wanted  for  use, 
shake  the  Magnesium  Oxide  mixture  to  a  homogeneous,  thin  magma,  add  it  gradually 
to  the  diluted  Solution  of  Ferric  Sulphate,  and  shake  them  together  until  a  uniform, 
smooth  mixture  results. 

Note. — For  the  rapid  preparation  of  this  antidote  to  arsenical  poisoning  the 
diluted  Solution  of  Ferric  Sulphate,  and  the  mixture  of  Magnesium  Oxide  with 
Water,  should  always  be  kept  on  hand,  in  separate  bottles,  ready  for  immediate  use. 
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It  will  be  seen  that  this  preparation  is  made  by  treating  diluted 
solution  of  ferric  sulphate  with  the  milk  of  magnesia  (that  is,  magnesia 
rubbed  with  water),  the  reaction  being: 

2Fe,(SO,)3     +     6Mg(0H),     =     4Fe(OH)3     +     6MgS0,. 

The  result  of  this  reaction,  as  will  be  noticed,  is  practically  the 
same  as  in  the  official  method  of  making  pure  ferric  hydroxide.  The 
great  advantage,  however,  is  that  the  magma  thus  produced  is 
efficient  without  washing,  because  the  impurities  are  the  mild  alkali, 
magnesium  hydroxide,  and  the  harmless  magnesium  sulphate.  These 
two  compounds  also  serve  antidotal  purposes  by  reason  of  the  forma- 
tion of  the  insoluble  magnesium  arsenite.  For  this  reason  this  prep- 
aration is  greatly  to  be  preferred  over  the  pure  ferric  hydroxide  as  an 
antidote  for  arsenic,  it  being  rapidly  prepared  by  the  blending  of  the 
diluted  solution  of  ferric  sulphate  with  a  magnesia  mixture,  followed 
by  the  rapid  removal  of  the  superfluous  water  by  straining.  Note 
that  the  diluted  solutions  of  ferric  sulphate  and  the  milk  of  magnesia 
should  be  kept  on  hand  by  the  pharmacist,  for  instant  admixture  in 
cases  of  arsenical  poisoning. 

Dose. — Arsenical  antidote,  120  Cc.  (4  fiuidounces). 

LIQUOR   FERRI    ET   AMMONII    ACETATIS.     Solution  of  Iron  and 

Ammonium  Acetate. 

Recipe. — Tincture  of  Ferric  Chloride,  forty  cubic  centimeters.  40  Cc. 

Diluted  Acetic  Acid,  sixty  cubic  centimeters 60  Cc. 

Solution  of  Ammonium  Acetate,  five  hundred  cubic 

centimeters 500  Cc. 

Aromatic   Elixir,  one  hundred  and  twenty  cubic 

centimeters 120  Cc. 

Glycerin,  one  hundred  and  twenty  cubic  centimeters.  120  Cc. 
Water,  a  sufficient  quantity, 

To  make  one  thousand  cubic  centimeters . .  1000  Cc. 

To  the  Solution  of  Ammonium  Acetate  (which  should  not  be  alkaline)  add,  suc- 
cessively, the  Diluted  Acetic  Acid,  the  Tincture  of  Ferric  Chloride,  the  Aromatic 
Elixir,  and  the  Glycerin,  and,  lastly,  enough  Water  to  make  the  product  measure 
one  thousand  cubic  centimeters. 

This  preparation  should  be  freshly  made  when  wanted. 

Remarks. — In  mixing  the  chemicals  as  above  described,  ferric 
acetate  is  produced,  and  a  brilliant  garnet  solution  ensues.  In 
preparing  the  solution,  it  is  important  that  the  full  amount  of  acetic 
acid  be  employed,  for  if  the  solution  is  not  distinctly  acid,  the  basic 
acetate  of  iron  will  separate  as  an  unsightly  red-brown  precipitate. 

The  same  precipitate  occurs  in  a  properly  prepared  solution,  when 
it  becomes  old,  hence  the  pharmacopoeial  direction  as  to  preparing 
freshly. 

Basham's  mixture,  as  this  solution  is  called,  is  a  popular  tonic  in 
some  sections. 

Dose. — 16  Cc.  (4  fluidrachms). 

Solution  of  Ferric  Acetate  (U.  S.  P.  1890). — This  preparation,  containing  31 
per  cent,  of  the  anhydrous  salt,  is  made  by  dissolving  freshly  prepared  hydroxide  in 
a  molecular  quantity  of  glacial  acetic  acid. 

The  solution  of  ferric  acetate  is  used  as  a  mild  chalybeate  tonic,  and  in  doses  of 
2  to  10  minims. 
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Solution  of  Ferric  Nitrate  (U.  S.  P.  1890). — This  former  official,  containing 
6.2  per  cent,  of  anhydrous  salt,  is  made  by  a  process  very  similar  to  that  used  in 
making  the  solution  of  ferric  acetate;  the  ferric  hydroxide  in  this  case  being  dissolved 
in  a  molecular  quantity  of  nitric  acid.  This  solution  is  interesting  by  reason  of  the 
light  tint  which  it  possesses;  all  other  ferric  solutions  are  of  a  brilliant  garnet-red, 
but  this  one  usually  possesses  a  color  scarcely  darker  than  amber. 

Solution  of  Ferric  Citrate  (U.  S.  P.  1890). — Recipe  and  details 
of  manufacture  in  Part  VII. 

This  solution,  like  the  two  just  discussed,  is  made  by  treating 
ferric  hydroxide  with  an  appropriate  acid,  in  this  case,  citric  acid.  If 
to  the  drained  magma  crystals  of  citric  acid  are  added,  and  the  mixture 
placed  on  a  water-bath  for  a  few  minutes,  the  magma  is  converted 
into  a  clear  garnet-red  solution,  usually  weaker  than  the  pharma- 
copceial  strength.  It  is,  therefore,  evaporated  on  a  water-bath  at  a 
temperature  not  exceeding  60°  C.  This  shows  that  a  large  amount 
of  water  is  mechanically*  held  by  the  ferric  hydroxide,  its  absorbing 
capacity  being  almost  as  great  as  that  of  aluminum  hydroxide. 

The  solution  of  ferric  citrate  was  recognized  by  the  pharmacopoeia 
of  1890,  because  affording  a  convenient  liquid  form  of  that  valuable 
remedy — ferric  citrate.  It  contains  about  50  per  cent,  of  ferric 
citrate,  and  will  be  found  of  great  convenience  in  dispensing  in  pre- 
scriptions directing  ferric  citrate  dissolved  in  water,  since  the  dis- 
solving of  ferric  citrate  is  quite  tedious.  It  seems  unfortunate  that 
in  the  eighth  revision  of  the  pharmacopoeia  this  solution  was  dropped. 

THE  SCALE  SALTS  OF  IRON 

Having  discussed  the  official  ferrous  and  ferric  salts,  we  can  now 
consider  the  third  group  of  official  iron  compounds — the  scale  prepara- 
tions of  iron. 

These  preparations  are  not  always  definite  chemicals;  thus,  the 
official  soluble  ferric  pyrophosphate  is  a  mixture  of  pyrophosphate 
of  iron,  which  in  pure  form  is  an  insoluble  green-gray  powder,  and 
sodium  citrate,  with  traces  of  sodium  pyrophosphate  and  ferric 
citrate.  The  scale  preparations  are  bright,  shining  fragments,  which 
are  not  crystals,  despite  an  impression  to  that  effect,  arising  no  doubt 
from  a  brand  of  scale  pepsin  on  the  market  termed  "crystal  pepsin." 

Crystals  are  bodies  having  definite  geometric  form,  and  any 
examination  of  a  scale  preparation,  no  matter  how  superficial,  will 
prove  absence  of  distinct  unvarying  form.  Preparations  are  scaled 
just  as  molasses  candy  is  made — by  concentrating  to  a  thick  syrup 
and  pouring  this  on  a  smooth  hard  surface,  usually  on  sheets  of  glass. 

All  scale  preparations  of  iron  are  made  directly  or  indirectly  from 
ferric  hydroxide,  that  red-brown  magma  formed  by  adding  solution 
of  ferric  sulphate  to  a  diluted  water  of  ammonia. 

If  we  treat  the  magma  with  citric  acid,  ferric  citrate  is  formed; 
if  tartaric  acid  be  the  acid  added,  we  get  ferric  tartrate;  while  if  we 
use  acid  potassium  tartrate  (potassium  bitartrate),  iron  and  potas- 
sium tartrate  will  be  the  product. 

All  the  official  scale  preparations  of  iron  save  the  last  two  men- 
tioned are  made  from  ferric  citrate;  hence  we  will  discuss  those  two 
first,  and  then  have  clear  sailing  for  those  owing  their  existence  to 
ferric  citrate. 
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FERRI  ET  AMMONII  TARTRAS.     Iron  and  Ammonium  Tartrate. 

It  should  contain  Iron  and  Ammonium  Tartrate  corresponding  in  amount  to 
not  less  than  13  per  cent,  of  metallic  iron,  and  should  be  kept  in  well-stoppered 
bottles,  protected  from  light. 

Thin,  transparent  scales,  varying  in  color  from  garnet-red  to  reddish-brown, 
without  odor,  and  having  a  sweetish,  slightly  ferruginous  taste;  slightly  deliquescent 
in  the  air.     Very  soluble  in  water;  insoluble  in  alcohol. 

When  strongly  heated  the  salt  chars,  emits  fumes  having  the  odor  of  burning 
sugar,  and  finally  leaves  a  residue  of  ferric  oxide,  which,  when  moistened  with  hot 
water,  should  not  show  an  alkaline  reaction  upon  red  litmus-paper  (absence  of 
citrates  or  tartrates  of  the  alkali  metals). 

An  aqueous  solution  of  Iron  and  Ammonium  Tartrate  should  be  neutral  to  litmus- 
paper,  and  is  not  precipitated,  but  rendered  darker  in  color,  by  ammonia  water. 

Tests  for  Identity. — See  Iron,  Ammonium,  and  Tartrates  in  Part  V. 

Impurities. — Alkaline  citrates  and  tartrates.     See  above. 

Assay. — Details  in  Part  V. 

Remarks. — As  ferric  tartrate  itself  is  very  sparingly  soluble  in 
water,  it  is  replaced  in  the  pharmacopoeia  by  the  more  soluble  iron 
and  ammonia  tartrate,  which  is  prepared  by  adding  ferric  hydroxide 
to  a  solution  of  ammonium  tartrate  and  tartaric  acid,  evaporating  to 
syrupy  consistence,  and  pouring  on  plates  of  glass.  As  the  last  part 
of  the  process — evaporating  and  pouring  on  plates  of  glass — is  common 
to  all  scale  preparations,  we  will,  for  brevity's  sake,  call  it  scaling  in 
future.     Like  all  other  scaled  iron  salts,  the  product  is  a  tonic. 

Dose. — 250  milligrammes  (4  grains). 

FERRI  ET  POTASSII   TARTRAS.     Iron  and  Potassium  Tartrate. 

It  should'. contain  Iron  and  Potassium  Tartrate  corresponding  in  amount  to 
not  less  than  15  per  cent,  of  metallic  iron,  and  should  be  kept  in  well-stoppered 
bottles,  protected  from  light. 

Thin,  transparent  scales,  varying  in  color  from  garnet-red  to  reddish-brown, 
without  odor,  and  having  a  sweetish,  ferruginous  taste;  slightly  deliquescent  in  the 
air. 

Very  soluble  in  water;  insoluble  in  alcohol. 

When  strongly  heated  the  salt  chars,  emits  fumes  having  an  odor  resembling 
that  of  burning  sugar,  and  finally  leaves  a  dark  brown  residue,  having  a  strongly 
alkaline  reaction,  and  effervescing  with  acids  (distinction  from  iron  and  ammonium 
tartrate). 

An  aqueous  solution  of  Iron  and  Potassium  Tartrate  should  be  neutral  to  litmus- 
paper,  and  is  not  precipitated,  but  rendered  darker  in  color,  by  ammonia  water. 

Tests  for  Identity. — See  Iron,  Potassium,  and  Tartrates  in  Part  V. 

Impurities. — Iron  and  ammonium  tartrate.     See  above. 

Assay. — Details  in  Part  V. 

Remarks. — The  manufacture  of  this  chemical  is  very  similar  to 
that  of  the  one  just  discussed.  In  the  iron  and  the  ammonium  tar- 
trate the  ferric  hydroxide  is  treated  with  what  may  be  considered  a 
solution  of  ammonium  bitartrate,  whereas  in  the  iron  and  potassium 
tartrate  the  magma  is  dissolved  by  treating  with  potassium  bitartrate 
or  cream  of  tartar.  This  fact  is  worth  passing  notice,  inasmuch  as  it 
clearly  shows  that  acid  salts  possess  acid  properties ;  that  is,  that  the 
hydrogen  found  in  acid  salt  is  capable  of  combining  with  a  metal, 
just  as  does  the  hydrogen  with  the  acid  from  which  it  is  derived. 

Besides  the  official  preparation,  a  commercial  form  of  iron  and 
potassium  tartrate  formerly  enjoyed  large  popularity.     This  was  the 
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chemical  in  the  form  of  an  oval  lump),  to  one  end  of  which  was  attached 
a  loop  of  string  or  ribbon.  This  form  was  formerly  highly  esteemed 
in  France  under  the  name  of  "boule  de  Mars."  This  name,  by  the  way, 
suggested  the  alchemistic  title  of  the  element  iron,  which  was  called, 
by  the  forerunners  of  chemistry,  after  the  god  of  war.  Mars.  Another 
survival  of  the  alchemistic  name  of  iron  is  shown  in  the  words  "crocus 
Martis."  The  "boule  de  Mars"  was  supposed  to  be  carried  around 
by  the  patient,  and  when  a  chalybeate  tonic  was  desired,  the  lump 
was  suspended  into  a  glass  of  water  or  wine,  and  after  sufficient 
immersion  it  was  supposed  that  a  sufficient  quantity  of  the  chemical 
would  be  dissolved  in  the  fluid,  thus  producing  a  pleasant  tonic. 

The  official  iron  and  potassium  tartrate  is  used  as  a  tonic. 

Dose. — 250  milligrammes  (4  grains). 

FERRI   CITRAS.     Ferric  Citrate. 

It  should  contain  Ferric  Citrate  corresponding  in  amount  to  not  less  than  16 
per  cent,  of  metallic  iron,  and  should  be  kept  in  well-stoppered  bottles,  protected 
from  light. 

Thin,  transparent,  garnet-red  scales,  without  odor,  and  having  a  slightly  fer- 
ruginous taste. 

Slowly  but  completely  soluble  in  water  at  25°  C.  (77°  F.)  and  readily  soluble 
in  hot  water,  but  diminishing  in  solubility  with  age;  insoluble  in  alcohol. 

When  strongly  heated  the  salt  chars,  and  finally  leaves  a  residue  of  ferric  oxide, 
which,  when  moistened  with  hot  water,  should  not  show  an  alkaline  reaction  upon 
red  litmus-paper  (absence  of  citrates  or  tartrates  of  the  alkali  metals). 

An  aqueous  solution  of  the  salt  shows  an  acid  reaction  with  blue  litmus-paper, 
and  is  not  precipitated,  but  rendered  darker  in  color,  by  ammonia  water. 

With  potassium  ferrocyanide  T.S.  the  aqueous  solution  yields  a  bluish-green  color 
or  precipitate,  which  is  increased  and  rendered  dark  blue  by  the  subsequent  addition 
of  hydrochloric  acid  (difference  from  iron  and  ammonium  citrate). 

Tests  for  Identity. — See  Iron  and  Citric  Acid  in  Part  V. 

Impurities. — Alkaline  citrates  and  tartrates,  iron,  and  ammonium 
citrate.     See  above.     Tartrates,  details  in  Part  V. 

Assay. — Details  in  Part  V. 

Recipe  and  details  of  manufacture  in  Part  VII. 

Remarks. — This  preparation  is  made  by  evaporating  a  solution  of 
ferric  citrate  at  a  temperature  not  higher  than  60°  C.  to  a  thin  syrup, 
and  then  scaling  this  by  pouring  it  on  a  glass  plate. 

Ferric  citrate  is  very  soluble  in  water;  its  solution,  however, 
takes  place  very  slowly,  as  is  also  true  of  most  of  the  scale  salts  of  iron. 

In  dissolving  these  salts  they  should  never  be  reduced  to  powder, 
nor  is  it  advisable  to  triturate  in  a  mortar  with  a  solvent.  The 
solution  is  effected  far  more  rapidly  by  pouring  the  scale  salts  upon 
the  full  amount  of  solvents  contained  in  a  bottle  and  vigorously 
shaking. 

But  even  thus,  the  solution  of  the  salt,  requires  considerable 
patience,  hence  the  use  of  a  solution  of  ferric  citrate  is  advisable 
wherever  possible.  The  very  fact  that  ferric  citrate  and  other  scale 
salts  slowly  dissolve  renders  them  valuable  for  the  manufacture  of 
pills,  because,  when  blended  with  an  excipient,  they  are  apt  to  retain 
their  form,  producing  the  pills  that  do  not  flatten. 

Ferric  citrate  is  a  chalybeate  tonic. 

Dose. — 250  milligrammes  (4  grains). 
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FERRI   ET  AMMONII   CITRAS.     Iron  and  Ammonium  Citrate. 

It  should  contain  Iron  and  Ammonium  Citrate  corresponding  in  amount  to  not 
less  than  16  per  cent,  of  metallic  iron,  and  should  be  kept  in  well-stoppered  bottles, 
protected  from  light. 

Thin,  transparent,  garnet-red  scales,  without  odor,  and  having  a  saline,  mildly 
ferruginous  taste;  deliquescent  in  moist  air. 

Readily  and  completely  soluble  in  water,  but  insoluble  in  alcohol. 

When  strongly  heated  the  salt  chars,  and  finally  leaves  a  residue  of  ferric  oxide, 
which,  when  moistened  with  hot  water,  should  not  show  an  alkaline  reaction  with 
red  litmus-paper  (absence  of  citrates  or  tartrates  of  the  alkali  metals). 

An  aqueous  solution  of  the  salt  is  neutral  to  litmus-paper. 

The  aqueous  solution  is  not  precipitated,  but  rendered  darker  in  color,  by  am- 
monia water. 

With  potassium  ferrocyanide  T.S.  the  solution  does  not  afford  a  blue  color  or  pre- 
cipitate, unless  it  be  acidulated  with  hydrochloric  acid  (difference  from  ferric  citrate). 

Tests  for  Identity. — See  Iron,  Ammonium,  and  Citrates  in  Part  V. 

Impurities. — Ferric  citrate.  See  above.  Tartrate.  Details  in 
Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Ferric  citrate  is  very  slowly  soluble  in  cold  water; 
hence  a  more  soluble  form,  made  by  adding  ammonia  water  to  solution 
of  ferric  citrate  and  scaling,  is  official  under  the  name  of  iron  and 
ammonium  citrate.  It  is  a  curious  fact  that  while  ammonia  water 
precipitates  the  crystalline  ferrous  and  ferric  salts,  it  simply  darkens 
and  renders  more  soluble  the  scale  preparations. 

While  ferric  citrate  occurs  in  garnet-red  scales,  the  scales  of  iron 
and  ammonium  citrate  are  yellow-brown.  Iron  and  ammonium  ci- 
trate is  the  ferruginous  constituent  of  wine  of  ferric  citrate,  to  which 
refer. 

Medical  Properties. — Chalybeate  tonic. 

Dose. — 250  milligrammes  (4  grains). 

FERRI   ET    QUININJE   CITRAS.     Iron  and  Quinine  Citrate. 

It  should  contain  not  less  than  11.5  per  cent,  of  dried  quinine,  and  ferric  citrate 
corresponding  in  amount  to  not  less  than  13.5  per  cent,  of  metallic  iron.  It  should 
be  kept  in  well-stoppered  bottles,  protected  from  light. 

Thin,  transparent  scales,  of  a  reddish-brown  color,  without  odor,  and  having  a 
bitter,  mildlv  ferruginous  taste;  slowly  deliquescent. 

Slowly,  out  completely  soluble  in  cold  water,  more  readily  soluble  in  hot  water, 
partially  soluble  in  alcohol.     Its  solubility  is  diminished  by  age. 

When  strongly  heated  the  salt  chars,  and  finally  leaves  a  residue  of  ferric  oxide, 
which,  when  moistened  with  hot  water,  should  not  show  an  alkaline  reaction  upon 
red  litmus-paper  (absence  of  citrates  or  tartrates  of  the  alkali  metals). 

The  aqueous  solution  of  the  salt  shows  an  acid  reaction  with  blue  litmus-paper. 

Tests  for  Identity. — See  Iron  and  Citrates  in  Part  V.  Test  for 
quinine  gives  curdy  white  precipitate  on  adding  ammonia  water. 

Impurities. — Alkaline  citrates  and  tartrates,  given  above.  Tar- 
trate.    Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — No  process  for  the  manufacture  of  this  salt  is  given 
by  the  present  pharmacopoeia.  The  pharmacopoeia  of  1890  directed 
its  manufacture  by  adding  citric  acid  and  the  uncombined  alkaloid, 
quinine,  to  a  solution  of  ferric  citrate,  and  then  scaling  the  resulting 
liquid. 

The  dried  scales  are  of  a  reddish-brown  tint. 


f 
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This  is  important  because  of  the  fact  that  a  very  large  amount  of 
the  commercial  iron  and  quinine  citrate  possesses  a  yellowish-brown 
tint,  and  is  none  other  than  soluble  iron  and  quinine  citrate. 

For  practical  purposes  the  latter  preparation  may  be  preferable 
to  the  official  iron  and  quinine  citrate,  but  the  point  at  issue  is  that 
if  a  physician  prescribes  iron  and  quinine  citrate,  the  soluble  iron  and 
quinine  citrate  should  not  be  dispensed.  The  very  fact  that  the  iron 
and  quinine  citrate  is  slowly  soluble  renders  it  preferable  to  the 
soluble  iron  and  quinine  citrate,  because  the  more  slowly  soluble  a 
bitter  compound  is,  the  less  does  it  affect  the  palate  of  the  patient. 

It  will  be  noticed  that  this  official  compound  is  directed  to  con- 
tain 11.5  per  cent,  of  dried  quinine,  and  that  a  process  of  assaying  the 
same  is  given  in  the  pharmacopoeia.  An  assay  of  the  amount  of  iron 
is  also  given  in  the  pharmacopoeia,  which  directs  that  it  contain 
13.5  per  cent,  of  the  metal. 

Iron  and  quinine  citrate,  like  all  the  scale  salts,  is  a  tonic. 

Dose. — 250  milligrammes  (4  grains). 

FERRI  ET   QUININE   CITRAS    SOLUBILIS.    Soluble  Iron  and 

Quinine  Citrate. 

It  should  contain  not  less  than  11.5  per  cent,  of  dried  quinine,  and  ferric  citrate 
corresponding  in  amount  to  not  less  than  13.5  per  cent,  of  metallic  iron.  It  should 
be  kept  in  well-stoppered  bottles,  protected  from  light. 

Thin,  transparent  scales,  of  a  greenish,  golden-yellow  color,  without  odor,  and 
having  a  bitter,  mildly  ferruginous  taste;  deliquescent. 

Rapidly  and  completely  soluble  in  cold  water,  partially  soluble  in  alcohol. 

When  strongly  heated  the  salt  chars,  and  finally  leaves  a  residue  of  ferric  oxide, 
which,  when  moistened  with  hot  water,  should  not  show  an  alkaline  reaction  upon 
red  litmus-paper  (absence  of  citrates  or  tartrates  of  the  alkali  metals). 

An  aqueous  solution  of  the  salt  shows  a  slightly  acid  reaction  with  blue  litmus- 
paper. 

Tests  for  Identity. — See  Iron,  Ammonia,  and  Citrates  in  Part  V. 
See  Quinine  under  Citrate  of  Iron  and  Quinine. 

Impurities. — Alkaline  citrates  and  tartrates,  given  above.  Tar- 
trates.    Details  in  Part  V. 

AssaTj. — As  in  iron  and  quinine  citrate. 

Remarks. — This  official  represents  citrate  of  iron  and  quinine, 
which  has  been  rendered  more  soluble  by  the  use  of  water  of  ammonia. 
It  is  a  constituent  of  bitter  wine  of  iron  (p.  258),  and  there  is  little 
need  of  saying  more  concerning  this  compound,  other  than  has  been 
mentioned  in  discussing  the  previous  official,  being  used  for  the  same 
purposes. 

Dose. — 250  milligrammes  (4  grains). 

FERRI  ET  STRYCHNINJE   CITRAS.     Iron  and  Strychnine  Citrate. 

It  should  contain  not  less  than  0.9  nor  more  than  1  per  cent,  of  strychnine,  and 
ferric  citrate  corresponding  in  amount  to  not  less  than  16  per  cent,  of  metallic  iron. 
It  should  be  kept  in  well-stoppered  bottles,  protected  from  light. 

Thin,  transparent  scales,  varying  in  color  from  garnet-red  to  yellowish-brown, 
without  odor,  and  having  a  bitter,  slightly  ferruginous  taste;  deliquescent  in  moist  air. 

Readily  and  completely  soluble  m  water,  partially  soluble  in  alcohol. 

When  strongly  heated  the  salt  chars,  and  finally  leaves  a  residue  of  ferric  oxide, 
which,  when  moistened  with  hot  water,  should  not  show  an  alkaline  reaction  with 
red  litmus-paper  (absence  of  citrates  or  tartrates  of  the  alkali  metals). 
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The  aqueous  solution  of  Iron  and  Strychnine  Citrate  is  slightly  acid  to  litmus- 
paper,  and  is  not  immediately  precipitated,  but  rendered  darker  m  color,  by  ammonia 
water. 

Tests  for  Identity. — See  Iron  and  Citrates  in  Part  V.  Test  for 
strychnine,  see  assay  (Part  V). 

Impurities. — Alkaline  citrates  and  tartrates,  given  above. 

Assay. — Details  in  Part  V. 

Remarks. — This  scale  salt  is  made  by  adding  a  solution  of  the 
alkaloid  strychnine,  in  citric  acid,  to  a  solution  of  iron  and  ammonium 
citrate. 

It  is  important  to  note  that  in  making  the  iron  and  quinine  citrate 
and  iron  and  strychnine  citrate,  the  uncombined  alkaloid  is  used  with 
the  citric  acid,  and  not  one  of  its  salts.  It  will  be  seen  that  this  prepara- 
tion contains  about  1  per  cent,  of  strychnine  and  16  per  cent,  of  iron. 
The  assays  of  both  these  constituents  are  provided  in  the  pharma- 
copoeia. 

By  reason  of  containing  the  poison  strychnine  the  dose  of  iron 
and  strychnine  citrate  is  somewhat  less  than  that  of  the  other  scale 
salts. 

Dose. — 125  milligrammes  (2  grains). 

FERRI  PHOSPHAS  SOLUBILIS.    Soluble  Ferric  Phosphate. 

It  should  contain  Ferric  Phosphate  corresponding  in  amount  to  not  less  than  12 
per  cent,  of  metallic  iron,  and  should  be  kept  in  amber-colored,  well-stoppered  bottles, 
protected  from  light. 

Thin,  bright  green,  transparent  scales,  without  odor,  and  having  an  acidulous, 
slightly  saline  taste.  The  salt  is  permanent  in  dry  air  when  excluded  from  light,  but 
when  unprotected  soon  becomes  dark  and  discolored. 

Freely  and  completely  soluble  in  water;  insolvible  in  alcohol. 

The  aqueous  solution  of  the  salt  shows  a  slightly  acid  reaction  with  blue  litmus- 

Eaper.     The  addition  of  ammonia  water  to  the  solution  of  the  salt  produces  a  reddish- 
rown  color. 

Tests  for  Identity. — See  Iron  and  Phosphates  in  Part  V. 
Assay. — Details  in  Part  V. 

FERRI  PYROPHOSPHAS  SOLUBILIS.     Soluble  Ferric  Pyrophos- 
phate. 

It  should  contain  Ferric  Pyrophosphate  corresponding  in  amount  to  not  less  than 
10  per  cent,  of  metallic  iron,  and  should  be  kept  in  amber-colored,  well-stoppered 
bottles,  protected  from  light. 

Thin,  apple-green,  transparent  scales,  without  odor,  and  having  an  acidulous, 
slightly  saline  taste.  The  salt  is  permanent  in  dry  air  when  excluded  from  light,  but 
when  unprotected  soon  becomes  discolored. 

Freely  and  completely  soluble  in  water;  insoluble  in  alcohol.  The  aqueous  solu- 
tion of  the  salt  shows  a  slightly  acid  reaction  with  blue  litmus-paper. 

Tests  for  Identity. — See  Iron  and  Pyrophosphates  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Since  these  two  salts  closely  resemble  each  other,  they 
can  be  discussed  together. 

The  present  pharmacopoeia  omits  the  recipe  for  manufacture  of 
these  two  salts,  but  the  pharmacopoeia  of  1890  directed  that  they  be 
made  by  mixing  solution  of  ferric  citrate  with  a  solution  of  sodium 
phosphate  (or  of  sodium  pyrophosphate)  and  scaling  the  resulting  fluid. 


572  PRINCIPLES  OF  PHARMACY 

Both  ferric  phosphate  and  ferric  pyrophosphate  are,  in  the  pure 
form,  insoluble,  but  the  mixed  products  resulting  from  the  com- 
bination of  ferric  phosphate  or  pyrophosphate  with  alkaline  citrates 
are  soluble.  Hence  these  two  soluble  forms  are  not  definite  com- 
pounds, but  a  mixture  of  sodium  citrate  with  ferric  phosphate  or 
pyrophosphate,  and  may  be  called  sodioferric  citrophosphate  and 
sodioferric  citropyrophosphate  respectively. 

Both  of  these  compounds  differ  from  the  other  scale  salts  of  iron, 
first,  in  being  indefinite  chemicals,  and,  secondly,  by  reason  of  the 
characteristic  green  color  of  the  scales.  Both  are  highly  esteemed 
tonics,  and  are  administered  in  about  the  same  dose. 

Dose. — Of  both,  250  milligrammes  (4  grains). 

Soluble  ferric  phosphate  is  a  constituent  of  three  preparations  of 
the  present  pharmacopoeia:  glycerite  of  the  phosphates  of  iron,  quinine, 
and  strychnine  (p.  207),  and  elixir  of  the  phosphates  of  iron,  quinine, 
and  strychnine  (p.  205),  and  the  syrup  of  the  phosphates  of  iron,  quinine, 
and  strychnine  (p.  194). 


CHAPTER  XXXII 

ARSENIQ  ANTIMONY,  TIN,  GOLD,  AND  PLATINUM 

ARSENIC 
Symbol,  As.     Atomic  weight,  approximately  75 

The  chief  ores  from  which  this  element  is  derived  are  realgar, 
AS2S2,  orpiment,  AS2S3;  the  latter  word,  a  corruption  of  "auri  pig- 
mentum,"  which,  translated,  means  the  color  of  gold  or  of  fire,  so- 
called  because  of  its  brilliant  yellow  tint.  Another  ore  of  arsenic — 
flowers  of  arsenic  or  white  arsenic — AsjO,,  is  mined  in  certain  districts 
of  Styria,  where  the  natives  become  habituated  to  its  use  and  thus 
are  immune  from  its  poisonous  action. 

Arsenic  has  been  known  from  comparatively  early  times.  The  red  and  yellow 
sulphides  were  known  to  the  Greek  writers.  The  white  arsenic  appears  to  have  been 
known  to  Geber  in  the  eighth  century.  In  the  eleventh  century  Avicenna  differen- 
tiated between  the  white  arsenic  and  the  red  and  yellow.  Albertus  Magnus,  in  the 
thirteenth  century,  appears  to  have  isolated  the  element,  and  the  practical  separation 
was  a  matter  of  technic  in  the  seventeenth  century. 

The  word  arsenic  is  derived  from  the  Greek  word  arsenikon,  which 
was  the  term  used  to  designate  the  ore  orpiment.  The  metallurg]/ 
of  arsenic  is  somewhat  similar  to  that  of  the  other  elements  which  we 
have  considered,  it  being  isolated  by  heating  the  oxide  with  coal,  as 
shown  in  the  following  equation: 

AS2O3     +    C2     =    As     +     CO     +     CO2. 

This  process  is  not  used  much  now,  since  native  arsenic  oxide  is 
comparatively  rare,   and  most  of  the  element  is  made  by  heating 
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arsenical  iron,  and  from  mispickel,  when  arsenic  is  freed  and  sublimes. 
The  respective  reactions  are: 

FcjAs^        +     heat     =     FejAsj     +     Asj. 
FejAsjS,     +     heat     =     2FeS        +     As,. 

Metallic  arsenic  occurs  in  the  form  of  crystalline  masses,  which  are 
steel  gray  when  freshly  sublimed,  but  becoming  dull  and  black  on 
exposure  to  air.  Besides  this  crystalline  form,  amorphous  forms 
are  known. 

Arsenic  and  antimony,  like  zinc  and  aluminum,  form  a  group 
about  midway  between  the  metals  and  the  non-metals,  and  the  non- 
metallic  character  of  arsenic  and  antimony  is  even  more  strikingly 
demonstrated  than  in  the  case  of  zinc  and  aluminum.  In  fact,  the 
most  abundant  compound  of  arsenic  is  one  in  which  arsenic  shows 
its  negative  character,  namely,  in  arsenic  trioxide  (arsenous  acid, 
U.  S.  P.  1890).  But,  while  showing  many  points  in  common  with 
the  non-metallic  elements,  its  metallic  properties  are  well  defined. 
Thus,  it  is  precipitated  with  hydrogen  sulphide,  as  are  the  other 
metals  of  this  group,  and  combines  with  acids  to  form  the  salts  of 
arsenic,  such  as  arsenic  chloride  and  arsenic  iodide. 

On  the  other  hand,  when  combined  with  alkalies,  the  negative 
side  is  clearly  demonstrated,  and  among  the  official  compounds  we 
find  solution  of  potassium  arsenate  and  sodium  arsenate. 

The  tests  for  arsenic  are  as  follows:  The  yellow  sulphide  (orpi- 
ment),  produced  when  hydrogen  sulphide  is  passed  through  an 
acidulated  solution  of  arsenous  acid.  Silver  nitrate  test  solution 
produces  a  yellow  precipitate  of  silver  arsenite  or  a  brown  precipitate 
of  silver  arsenate,  according  to  the  valence  of  the  arsenic  in  the 
suspected  solution.  A  characteristic  test  for  arsenic  is  the  so-called 
cacodyl  reaction,  which  is  brought  about  by  fusing  the  arsenic  with 
potassium  or  sodium  acetate,  when  a  disgusting  odor  of  cacodyl  is 
produced;  for  details  descriptive  of  this  organic  compound,  see  p.  672. 
The  equation  is: 

As^Oa     +     4KC,H303     =     [As(CH3)J,0     +     2K,C0,     +     2C0,. 

Compounds  of  arsenic,  treated  with  copper  sulphate  and  ammonia, 
yield  a  characteristic  green  precipitate  of  copper  arsenite.  This 
green  insoluble  substance  was  formerly  largely  used  in  the  technic 
under  the  name  of  Scheele's  green,  as  a  coloring-matter.  The  danger 
of  this  body,  however,  has  caused  it  to  fall  more  or  less  into  disuse. 

Arsenic  was  formerly  largely  employed  by  poisoners,  and  accord- 
ingly many  tests  have  been  devised  for  the  detection  of  the  element, 
such  as  the  tests  suggested  by  Marsh,  Fleitmann,  Gutzeit,  and  Reinsch. 
The  principle  of  action  of  the  first  three  of  these  is  based  on  the 
formation  of  the  gas,  hydrogen  arsenide,  AsHg,  which  is  produced  by 
the  union  of  hydrogen  (generated  by  action  of  sulphuric  acid  on  zinc), 
with  arsenic  in  the  suspected  substance,  forming  hydrogen  arsenite, 
AsHg,  which  is  analogous  to  ammonia,  NHg;  to  phosphine  (phos- 
phoretted  hydrogen,  PHg),  that  spontaneously  combustible  gas  men- 
tioned on  p.  512;  and  to  antimoniuretted  hydrogen  (stibine,  SbHg), 
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mentioned  a  little  further  along.     These  four  gases  can  best  be  com- 
pared in  tabulated  form: 

Nitrogen,       valence  iii  gives  ammonia,  NHg,  graphically     NZh 


Phosphorus, 

"        HI      ' 

'     phosphine,  PH3, 

<( 

Pzg 

Arsenic, 

"       III     "     arsine,          ASH3, 

u 

Aszi 

Antimony, 

"       III     ' 

'     stibine,         SbHj, 

II 

SEi 

Hydrogen  burns  to  pure  water  (H2  +  0  =  H20),  while  AsHg,  in 
burning,  yields  water  and  metallic  arsenic  (2AsH3  +  30  =  3H20  + AS2); 
the  latter  separates  as  an  arsenic  spot  on  a  piece  of  porcelain,  just  as 
the  carbon  in  gas  separates  as  soot  when  burned  in  a  fish-tail  burner. 
The  details  of  Marsh's  test  is  beyond  the  limits  of  this  work,  and  the 
reader  is  referred  to  some  book  on  analytic  chemistry.    (See  Preface.) 

Mention,  however,  must  be  made  of  the  fact  that  antimony 
compounds  treated  with  nascent  hydrogen  produced  from  zinc  and 
sulphuric  acid  form  antimoniureted  hydrogen,  SbHg,  which,  on  burn- 
ing, likewise  deposits  a  stain  on  a  porcelain  dish.  This  latter  stain 
is,  however,  brown  black,  and  is  not  soluble  in  Labarraque's  solution, 
as  is  the  arsenic  spot.  Marsh's  test  is  no  longer  given  in  the  pharma- 
copoeia, being  replaced  by  a  modification  which  does  away  with  the 
cumbersome  apparatus  used  in  Marsh's  test.  This  modification  is 
Gutzeit's  test,  in  which  the  hydrogen  is  developed  from  zinc  and 
sulphuric  acid  in  a  test-tube,  and  the  suspected  substance  added. 
If  arseniureted  hydrogen  forms,  it  blackens  the  cap  of  filter-paper 
moistened  with  silver  nitrate  solution,  covering  the  open  end  of  the 
tube.  Like  Marsh's  test,  this  responds  when  antimony  is  present, 
and,  therefore,  by  far  the  best  test  is  that  of  Fleitmann,  in  which  the 
hydrogen  is  not  developed  by  action  of  acid  on  zinc,  but  by  treating 
zinc  with  potassa,  the  reaction  being: 

3Zn     +     6K0H     =     SK^ZnOj     +     SH^. 
Then, 

3H2     +     As2  =     2ASH3. 

In  this  reaction  antimony  will  not  take  part,  even  if  present,  and 
therefore  nothing  but  arsenic  can  be  detected  by  this  means.  The 
detection  of  the  arsenic  in  this  case  is  identical  with  that  in  Gutzeit's 
test,  by  the  blackening  of  silver  nitrate. 

Reinsch's  test  is  produced  by  placing  a  sheet  of  bright  metallic 
copper  into  the  suspected  solution.  If  arsenic  be  present,  an  elec- 
trolytic action  takes  place,  with  the  deposition  of  that  element  on 
the  copper  plate,  which  accordingly  becomes  blackened.  Bettendorf's 
test  consists  in  dissolving  arsenic  in  concentrated  hydrochloric  acid, 
adding  solution  of  stannous  chloride,  and  introducing  into  the  test- 
tube  containing  this  mixture  a  piece  of  tin-foil.  If  arsenic  be  present, 
a  brown  coloration  takes  place. 

In  experimenting  with  Marsh's  test,  the  operator  should  be 
careful  regarding  the  inhaling  of  the  vapors  produced,  as  the  hydrogen 
arsenide  vapors  are  very  poisonous,  the  chemist  Gehre  having  been 
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killed  by  this  substance  during  experiments  in  1815.  It  has  been 
noted  that  wall-paper  colored  green  by  the  use  of  Scheele's  green 
produces  symptoms  of  arsenical  poisoning  in  persons  in  the  room. 
The  exact  reason  for  this  is  not  clearly  defined,  but  at  the  present 
time  it  is  considered  to  be  due  to  the  formation  of  AsHg,  through  the 
action  of  moisture  on  the  walls  with  the  arsenical  color  and  inhalation 
of  the  gas  by  the  occupants  of  the  room. 

Arsenic,  like  nitrogen  and  phosphorus,  exhibits  the  valence 
III  and  V,  as  shown  in  two  oxides, — AsjOg  and  AsjOg, — which  are 
called  arsenous  and  arsenic  oxides  respectively. 

The  official  preparations  of  arsenic  are: 

Arsenic  trioxide.     At  least  99.8  per  cent,  absolute  AS2O3. 

Solution  of  arsenous  acid,  containing  1  per  cent,  arsenic  trioxide. 

Solution  of  potassium  arsenite,  containing  1  per  cent,  arsenic  trioxide. 

Sodium  arsenate.     At  least  98  per  cent,  absolute  Na-jHAsOi  +  THjO. 

Exsiccated  sodium  arsenate.     At  least  98  per  cent,  absolute  Na2HAs04. 

Solution  of  sodium  arsenate,  containing  1  per  cent,  exsiccated  sodium  arsenate. 

Arsenous  iodide,  presumably  Aslj,  at  least  82.7  per  cent,  iodine  and  16.3  per  cent, 
metallic  arsenic. 

Solution  of  arsenous  and  mercuric  iodides,  containing  1  per  cent,  arsenous  iodide 
and  1  per  cent,  mercuric  iodide. 

ARSENI   TRIOXIDUM.     Arsenic  Trioxide. 

AS2O3  =  196.44 
[AciDUM  Arsenosum,  Pharm.  1890] 

It  should  contain  not  less  than  99.8  per  cent,  of  pure  Arsenic  Trioxide. 

A  heavy  solid  occurring  either  as  an  opaque,  white  powder,  or  in  irregular  masses 
of  two  varieties:  one,  amorphous,  transparent,  and  colorless,  like  glass;  the  other, 
crystalline,  opaque,  and  white,  resembling  porcelain.  Frequently  the  same  piece 
has  an  opaque,  white,  outer  crust  enclosing  the  glassy  variety.  Contact  with  moist 
air  gradually  changes  the  glassy  into  the  white,  opaque  variety.  Both  are  odorless 
and  tasteless. 

In  cold  water  both  varieties  dissolve  very  slowly,  the  degree  of  solubility  vary- 
ing according  to  conditions  and  time,  the  glassy  variety  requiring  about  30,  the  porce- 
lain-hke  or  crystalline  powder  about  100  parts  of  water  at  25°  C.  (77°  F.).  Both 
are  slowly  but  completely  soluble  in  15  parts  of  boiling  water.  In  alcohol.  Arsenic 
Trioxide  is  but  sparingly  soluble,  but  it  is  soluble  in  about  5  parts  of  glycerin.  Oil 
of  turpentine  dissolves  only  the  glassy  variety.  Both  varieties  are  freely  soluble  in 
hydrochloric  acid  and  in  solutions  of  alkali  hydroxides  and  carbonates. 

When,slowly  heated  in  a  test-tube.  Arsenic  Trioxide  yields  a  sublimate  of  minute, 
brilliant,  transparent,  octahedral  crystals.  When  heated  rapidly  to  about  200°  C. 
(392°  F.)  the  amorphous  variety  fuses,  then  sublimes,  while  the  crystalline  variety 
sublimes  without  fusing;  no  residue  should  remain  after  sublimation.  When  covered 
with  charcoal  in  an  ignition-tube,  and  strongly  heated,  Arsenic  Trioxide  is  deoxi- 
dized, and  metallic  arsenic  is  deposited  on  the  cooler  portion  of  the  tube  as  a  mirror 
having  a  metallic  lustre. 

Cupric  ammonium  sulphate  T.S.  produces  in  an  aqueous  solution  a  bright  green 
precipitate. 

If  the  green  precipitate  be  dissolved  in  ammonia  water,  a  deep-blue  colored  solu- 
tion should  be  produced. 

An  aqueous  solution  of  Arsenic  Trioxide  has  a  faintly  acid  reaction  upon  blue 
litmus-paper. 

Silver  ammonium  nitrate  T.S.  produces  in  an  aqueous  solution  a  lemon-yellow 
precipitate,  which  dissolves  on  the  addition  of  ammonia  water;  when  this  solution 
IS  heated,  metallic  silver  is  deposited  (distinction  from  arsenic  acid). 

Hydrogen  sulphide  T.S.  colors  a  solution  of  Arsenic  Trioxide  yellow;  if  a  few 
drops  of  hydrochloric  acid  be  added,  it  precipitates  lemon-yellow  arsenic  trisulphide, 
which  should  be  completely  soluble  in  ammonium  carbonate  T.S.  (absence  of  anti- 
mony, tin,  and  cadmium). 
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When  Arsenic  Trioxide  is  carefully  heated  in  a  dry  test-tube  of  hard  glass,  it 
should  sublime  without  leaving  a  residue,  and  the  sublimate  should  not  at  first  show 
a  yellow  color  (absence  of  non-volatile  matter  and  of  arsenotts  svlphide). 

If  1  Gm.  of  Arsenic  Trioxide  be  dissolved  in  10  Cc.  of  ammonia  water,  with  the  aid 
of  a  gentle  heat,  a  colorless  solution  should  be  produced. 

Tests  for  Identity. — Given  above. 

Impurities. — Arsenic  acid,  antimony,  tin,  cadmium,  arsenous 
sulphide,  non-volatile  matter.     Details  given  above. 

Assay. — Details  in  Part  V. 

Remarks. — This  most  important  of  the  official  arsenical  prepara- 
tions, called  arsenous  acid  by  the  pharmacopoeia  of  1890,  is  more 
properly  termed  arsenic  trioxide  by  U.  S.  P.  VIII.,  since  it  is  the 
anhydride  AsgOg,  the  true  acid  being  produced  only  when  the  ofl&cial 
substance  is  dissolved  in  water: 

AS2O3     +    SHjO     =    2H3ASO3. 

Hence  the  aqueous  solution  still  retains  as  official  name  the  phrase, 
liquor  acidi  arsenosi.  c 

Arsenic  trioxide  is  prepared  by  the  roasting  of  arsenical  ores, 
when  the  oxide  which  is  formed  sublimes  and  is  caught  in  appropriate 
condensing  chambers.     It  is  then  purified  by  resublimation. 

Arsenic  trioxide  acts  as  a  reducing  agent,  being  oxidized  by 
potassium  permanganate,  and  converting  iodine  into  hydriodic  acid. 
This  explains  the  volumetric  estimation  of  the  chemical  by  means  of 
a  decinormal  iodine  solution.  (See  p.  1004.)  A  volumetric  estimation 
of  the  chemical  can  also  be  effected  by  use  of  decinormal  permanganate 
solution. 

Arsenous  acid  is  a  valuable  alterative.  Applied  in  the  form  of 
a  powder,  it  acts  as  an  escharotic,  and  for  this  purpose  was  formerly 
employed  for  the  dusting  of  cancerous  growths.  Its  action  in  this 
way,  however,  was  dangerous,  and  at  present  it  is  now  rarely  so  used. 

Many  of  the  largely  advertised  rat-poisons  consist  of  arsenous 
oxide,  either  free  or  admixed.  The  antidote  for  such  nostrums  is, 
therefore,  the  same  as  that  for  arsenous  oxide,  namely,  ferric  hydrate 
or  ferric  hydrate  with  magnesia.     (See  p.  564.) 

Dose. — 2  milligrammes  {-^^  grain). 

LIQUOR  ACIDI  ARSENOSI.     Solution  of  Arsenous  Acid. 

For  recipe  see  p.  183. 

This  is  a  1  per  cent,  aqueous  solution  of  arsenic  trioxide,  containing 
a  sufficient  quantity  of  hydrochloric  acid  to  insure  a  complete  solution. 
In  the  Pharmacopoeia  of  1870  it  was  styled  the  solution  of  arsenous 
chloride,  but  investigations  have  shown  that  the  hydrochloric  acid, 
in  this  case,  acts  merely  as  a  solvent,  not  converting  the  oxide  into 
chloride. 

Dose. — 0.2  Cc.  (3  minims). 

LIQUOR  POTASSII  ARSENITIS.     Solution  of  Potassium  Arsenite. 

An  aqueous  solution,  which  should  contain  Potassium  Arsenite  corresponding 
in  amount  to  1  per  cent,  of  arsenic  trioxide. 
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Recipe. — Arsenic  Triozide,  in  fine  powder,  ten  grammes. ...       10  Gm. 

Potassium  Bicarbonate,  twenty  grammes 20  Gm. 

Compound  Tincture  of  Lavender,  thirty  grammes. .      30  Gm. 
Distilled  Water,  a  sufficient  quantity, 

To  make  one  thousand  grammes. .   1000  Gm. 

Boil  the  Arsenic  Trioxide  and  Potassium  Bicarbonate,  in  a  tared  dish,  with 
one  hundred  grammes  of  Distilled  Water,  until  solution  has  been  effected.  Then  add 
enough  Distilled  Water  to  make  the  solution  weigh  nine  hundred  and  seventy  grammes, 
and,  lastly,  add  the  Compound  Tincture  of  Lavender.     Filter  through  paper. 

Assay. — Details  in  Part  V. 

Remarks. — This  preparation,  commonly  called  "Fowler's  solution," 
is  made  from  arsenic  trioxide  and  potassium  bicarbonate,  colored 
with  compound  tincture  of  lavender.  It  contains  1  per  cent,  of 
arsenic  trioxide. 

The  equation  for  its  manufacture  is  either — 

4KHCO3    +    AS2O3     +    3H2O         =    2K2HASO3     +    4H2O     +    4C0, 
or 

2KHCO3     +     AS2O3     =     2KASO2     +     2C0j  +     H2O. 

The  pharmacopoeia  directs  that  the  potassium  bicarbonate  and 
the  arsenic  trioxide  be  boiled  together  in  water  to  insure  chemical 
combination.  If  a  solution  of  potassium  bicarbonate  and  a  solution 
of  arsenic  trioxide  are  mixed  together  in  the  cold,  no  reaction  takes 
place,  and,  in  fact,  some  authorities  claim  that  even  boiling  produces 
but  a  slight  effect  on  the  two  constituents.  How  little  decomposition 
occurs  is  shown  by  the  fact  even  when  twice  the  amount  of  arsenous 
acid  is  boiled  with  solution  of  potassium  bicarbonate,  and  even  when 
such  solution  is  boiled  to  dryness  and  then  redissolved  in  water,  the 
latter  liquid  still  effervesces  with  acids. 

Despite  this  fact,  some  authorities  claim  that  a  meta-arsenite  of 
potassium  (KAsOj)  is  produced;  while  others  hold  to  the  ortho-arsenite 
formula,  KjHAsOa;  this  is  supposedly  the  acid  potassium  salt  of 
H3ASO3.  Fowler's  solution  is  one  of  the  most  popular  of  arsenical 
preparations,  being  particularly  esteemed  as  an  alterative  in  cases 
of  malaria.  Many  physicians  in  malarial  countries  consider  this 
preparation  almost  in  the  light  of  a  specific. 

Dose. — 0.2  Cc.  (3  minims). 

SODII   ARSENAS.     Sodium  Arsenate. 

Na^HAsO,  +  7H2O  =  309.84 

It  should  contain  in  an  uneffloresced  condition  not  less  than  98  per  cent,  of  pure 
Di-sodium-ortho-arsenate  [AsO(OH)(ONa)2  +  TH^O]  and  should  be  kept  in  well- 
stoppered  bottles. 

Colorless,  transparent,  monoclinic  prisms,  odorless,  and  having  a  mild,  alkaline 
taste;  caution  should  he  u^ed  in  tasting  this  salt,  as  it  is  very  poisonous.  Efflorescent 
in  dry  air  and  somewhat  deliquescent  in  moist  air. 

Soluble  in  1.2  parts  of  water  at  25°  C.  (77°  F.)  and  very  soluble  in  boiling  water; 
very  sparingly  soluble  in  cold,  but  nearly  insoluble  in  boiling  alcohol.  When  gently 
heated,  the  salt  loses  5  molecules  of  water  (28.8  per  cent.)  and  is  converted  mto  a 
white  powder.  At  148°  C.  (298.4°  F.)  it  loses  all  of  its  water  of  crystallization,  at  a 
higher  temperature  the  salt  fuses,  and  at  a  red  heat  it  is  converted  into  pyroarsenate. 

Sodium  Arsenate  should  respond  to  the  tests  of  identity  and  purity  prescribed 
under  Sodii  Arsenal  Exsiccatus. 

Tests  for  Identity. — See  Exsiccated  Sodium  Arsenate. 

37 
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Remarks. — Sodium  arsenate  is  made  by  adding  arsenous  acid  to 
the  mixture  of  sodium  carbonate  and  sodium  nitrate,  and  heating 
same  to  redness  and  pouring  out  the  fused  mass  on  a  slab,  and  treating 
it  with  boiling  water  as  soon  as  solidified.  The  solution  is  then 
evaporated  until  crystallization  takes  place;  the  crystals  are  removed 
from  the  mother  liquor  and  dried  according  to  the  usual  method. 

This  process  furnishes  an  interesting  example  of  oxidation.  Arsenic 
has  the  valence  iii  and  v,  and  the  two  oxides,  AsgOg  and  AsgOj,  when 
treated  with  water,  yield  respectively  the  true  arsenous  acid  (H3ASO3) 
and  arsenic  acid  (HgAsO^),  the  latter  being  analogous  to  phosphoric 
acid,  H3PO4.  (See  p.  373.)  An  arsenate  is  a  salt  of  arsenic  acid, 
and  if  we  treat  sodium  carbonate  with  arsenous  acid  (which  is  common, 
while  arsenic  acid  is  rare),  we  would  not  get  an  arsenate,  but  an 
arsenite,  just  as  we  did  in  Fowler's  solution. 

It  will  be  noticed  that  the  arsenical  ingredient  used  above  is 
arsenows  oxide  (AS2O3).  We  have  already  learned  (p.  374)  that 
"ous"  acids  give  "ite"  salts,  a  proof  of  which,  with  the  very  acid  we 
are  now  considering,  is  shown  in  Fowler's  solution, — liquQr  potassii 
arsenitis, — where  we  see  that  arsenous  acid,  cooked  with  potassium 
bicarbonate,  yields  potassium  arsemfe — not  the  arsenate — shown 
in  equation  "a"  given  on  p.  577. 

In  exactly  similar  manner  sodium  carbonate  and  arsenous  acid 
yield  NajHAsOg,  sodium  arsemte.  Necessary  to  form  the  arsenate, 
is  arsemc  acid,  AsjOg  or  H3ASO4,  and,  accordingly,  if  we  start  out 
with  arsenous  acid,  it  must  be  oxidized  to  arsenic  acid  before  the 
arsenate  can  be  formed.  It  may  be  recalled  that  in  making  sulphuric 
acid,  sulphuroMS  oxide,  SOj,  was  oxidized  to  sulphuric  oxide,  SO3,  and 
that  the  oxidation  was  accomplished  by  nitric  acid.  In  oxidizing 
arsenous  oxide  to  arsenic  oxide  in  the  manufacture  of  sodium  arsenate 
nitric  acid  is  not  adapted,  since  it,  rather  than  the  arsenic  preparation, 
would  react  with  the  sodium  carbonate,  the  final  product  being  a 
mixture  of  sodium  nitrate  and  arsenic  acid;  hence  we  employ  sodium 
nitrate,  NaNOg,  which  at  a  high  heat  splits  in  a  manner  akin  to  nitric 
acid  itself,  with  the  liberation  of  oxygen. 

The  usually  accepted  equation  of  manufacture — 

(a)  Na^COg       +     AsjOj     +     2NaN03     =     Na^AsjO,     +     N^Oa     +     CO^, 

(b)  Na^AsjO^     +     HjO       =     2Na2HAsO„ 

is  more  complex  than  the  explanation  just  given,  because  of  the 
presence  of  an  intermediate  product,  sodium  pyroarsenate,  Na4As207. 
This  body,  however,  is  analogous  to  sodium  pyrophosphate,  Na4P207, 
the  latter  a  salt  of  pyrophosphoric  acid,  H4P2O7,  the  chemistry  of 
which  was  explained  on  p.  473. 

Sodium  arsenate  is  used  as  an  alterative  and  tonic. 

Dose. — 5  milligrammes  (^^  grain). 

SODII   ARSENAS   EXSICCATUS.     Exsiccated  Sodium  Arsenate. 

NajHAsO,  =  184.68 

It  should  contain  not  less  than  98  per  cent,  of  pure  anhydrous  Di-sodium-ortho- 
arsenate  [AsO(OH)(ONa)2]. 

Recipe. — Sodium  Arsenate  Crystals,  a  sufficient  quantity. 
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Break  the  crystals  into  small  fragments,  and  allow  them  to  effloresce  at  a  tem- 
prature  between  40°  and  50°  C.  (104°  and  122°  F.)  until  they  are  completely  dis- 
mtegrated;  then  gradually  increase  the  temperature  to  150°  C.  (302°  F.),  and  con- 
tinue the  drying  until  the  product  ceases  to  lose  weight.  Reduce  it  to  a  fine  powder, 
and  transfer  it  to  dry,  well-stoppered  bottles. 

An  amorphous,  white  powder;  odorless  and  having  a  mildly  alkaline  taste;  it 
should  be  tasted  with  great  caution,  as  the  salt  is  very  poisonous.     Permanent  in  dry  air. 

Soluble  in  3  parts  of  water  at  25°  C.  (77°  F.)  and  very  soluble  in  boiling  water; 
very  sparingly  soluble  in  cold,  but  nearly  insoluble  in  boiling  alcohol.  When  heated 
to  150°  C.  (302°  F.)  the  salt  should  not  lose  weight;  at  red  heat  it  is  converted  into 
pyroarsenate.     It  imparts  an  intense  yellow  color  to  a  non-luminous  flame. 

Tests  for  Identity. — See  Sodium  and  Arsenates  in  Part  V. 

Impurities. — Arsenite,  lead,  copper,  and  iron.     Details  in  Part  V. 

Remarks. — This  new  official  is  made  by  driving  off  the  seven 
molecules  of  water  of  crystallization  from  the  crystalline  sodium 
arsenate  by  use  of  a  temperature  of  150°  C.  (302°  F.). 

It  is  used  for  making  the  official  solution  of  sodium  arsenate.  While 
the  exsiccated  salt  was  not  recognized  by  the  Pharmacopoeia  of  1890, 
the  solution  of  sodium  arsenate  of  that  pharmacopcsia  was  prepared 
by  first  exsiccating  the  crystallized  salt,  experience  showing  that 
when  that  solution  is  prepared  from  the  crystalline  salt,  it  is  of  uncer- 
tain strength,  since  the  crystals  are  usually  more  or  less  efflorescent. 

Dose. — 3  milligrammes  (-^  grain). 

Liquor  Sodii  Arsenatis. — For  recipe  see  p.  187. 

This  official  is  a  1  per  cent,  solution  of  exsiccated  sodium  arsenate 
in  water. 

Dose. — 0.2  Cc.  (3  minims). 

ARSENI  lODIDUM.    Arsenous  Iodide. 

Aslj  =  452.10 

It  should  contain  not  less  than  82.7  per  cent,  of  iodine,  and  16.3  per  cent,  of 
metallic  arsenic.  Arsenous  Iodide  should  oe  kept  in  amber-colored,  glass-stoppered 
vials,  in  a  cool  place,  carefully  protected  from  the  light. 

An  orange-red,  inodorous,  crystalline  powder,  stable  when  protected  from  direct 
sunlight  and  kept  in  a  cool  place. 

Soluble,  with  partial  decomposition,  in  about  12  parts  of  water  and  in  about 
28  parts  of  alcohol  at  25°  C.  (77°  F.);  completely  soluble  in  chloroform,  carbon  di- 
sulphide,  or  ether. 

No  loss  of  iodine  occurs  when  Arsenous  Iodide  is  heated  upon  a  water-bath, 
but  at  higher  temperatures  it  completely  volatilizes.  When  warmed  with  a  few 
drops  of  nitric  acid,  brown  vapors  of  nitrous  oxide  are  evolved,  followed  by  violet 
vapors  of  iodine. 

The  aqueous  solution  has  a  yellow  color,  is  neutral  to  litmus-paper,  and  upon 
standing  gradually  decomposes  into  arsenous  and  hydriodic  acids. 

If  hydrogen  sulphide  T.S.  be  added  to  an  aqueous  solution  of  Arsenous  Iodide, 
acidulated  with  hydrochloric  acid,  a  lemon-yellow  precipitate  of  arsenous  sulphide 
is  produced. 

Tests  for  Identity. — Given  above. 

Assay. — Details  in  Part  V. 

Remarks. — This  compound  was  formerly  made  by  fusing  molecular 
quantities  of  metallic  arsenic  and  iodine  into  a  test-tube  and  pouring 
the  fused  mass  on  a  slab  in  order  to  permit  it  to  solidify.  This  process, 
however,  was  very  wasteful  of  the  iodine,  and  therefore  a  much  better 
method  is  by  making  a  solution  of  iodine  in  carbon  disulphide,  and 
sprinkling  therein  finely  powdered  arsenic  until  the  purple  color  is 
discharged. 
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Arsenic  iodide  is  a  comparatively  unstable  compound,  losing  its 
iodine  by  volatilization  until  its  composition  is  very  largely  changed. 
It  is,  therefore,  at  its  best  a  rather  uncertain  preparation,  as  is  the 
case  with  sulphur  iodide. 

This  substance  is  used  as  an  alterative. 

Dose. — 5  milligrammes  (^  grain). 

LIQUOR  ARSENI  ET  HYDRARGYRI   lODIDI. 

For  recipe  see  p.  184. 

This  oflEicial,  commonly  called  Donovan's  solution,  after  the  origin- 
ator, contains  1  per  cent,  of  arsenous  iodide  and  1  per  cent,  of  mercuric 
iodide. 

The  solution  should  be  practically  colorless.  On  standing,  it 
assumes  a  reddish  tint,  due  to  the  separation  of  free  iodine,  and  such 
a  reddened  Donovan's  solution  should  not  be  dispensed.  The  change 
can  be  largely  obviated  by  adding  a  globule  of  mercury  to  the  solution. 
It  is  hardly  necessary  to  say  that  care  must  be  taken  to  prevent  the 
pouring  out  of  the  mercury  globule  with  the  dispensed  solution. 

Donovan's  solution  is  used  as  an  alterative  and  tonic. 

Dose. — 0.1  Cc.  (1^  minims). 

It  will  be  seen  that  the  pharmacopoeia  recognizes  four  solutions 
containing  arsenic  compounds  (see  p.  187),  and  that,  while  all  these 
are  1  per  cent,  preparations,  all  do  not  contain  1  per  cent,  of  arsenic 
trioxide. 

ANTIMONY 

Symbol,  Sb.     Atomic  weight,  approximately  122 

This  element  is  sometimes  found  native  in  uncombined  form,  but 
its  chief  ore  is  the  sulphide, — SbgSg, — which  is  called  stibnite. 

The  symbol  Sb  is  applied  to  antimony,  is  derived  from  the  Latin 
name  of  the  element,  stibium,  which  is  in  turn  derived  from  the  Greek 
word  stibi,  which  was  the  name  applied  to  that  native  sulphide,  which 
has  been  known  since  classic  times.  The  etymology  of  the  word 
antimony  has  been  explained  by  a  curious  fable,  which  relates  that 
Basel  Valentine,  a  monk  of  the  monastery  of  Erfurt,  experimented 
with  the  salts  of  this  element  on  his  brother  monks,  with  fatal  results, 
whereupon  he  named  the  element  antimoine — against  monks.  This 
theory  of  the_  origin  of  the  name,  however,  has  been  exploded  since 
the  word  antimonium  was  used  in  a  book  of  Constantino  of  Salerio 
(a.  d.  1100),  and  merciless  critics  have  even  denied  the  existence  of 
such  a  man  as  Basel  Valentine.  Suffice  it  to  say  that  there  appeared 
during  the  fifteenth  century  a  book  entitled  "The  Triumphant  Chariot 
of  Antimony,"  purported  to  have  been  printed  from  the  manuscript 
of  this  monk  Basel  Valentine.  It  was  through  the  publication  of 
this  work  that  the  use  of  antimony  in  medicine  became  popularized. 
In  the  sixteenth  and  seventeenth  centuries  antimony  and  its  com- 
pounds were  among  the  most  popular  of  medicines,  the  element  being 
isolated  by  Boerhave.  One  of  the  applications  of  this  substance  was 
in  the  form  of  a  cup  made  of  this  metal  (pocula  emetica).  Acid  or 
wine  was  allowed  to  stand  in  this  cup  until  a  certain  amount  of  this 
metal  had  been  dissolved.  The  wine,  when  drank,  then  acted  as  an 
emetic.     Under  the  name  of  "piluloe  perpetua"  small  globules  of  the 


ARSENIC,   ANTIMONY,   TIN,   GOLD,   AND   PLATINUM  581 

metal  were  used  in  the  seventeenth  century,  enough  of  the  metal  being 
dissolved  from  the  swallowed  pill  by  the  acid  juices  of  the  stomach 
to  produce  the  desired  effect.  The  pill,  voided  either  by  emesis  or 
through  the  bowels,  was  then  saved  for  the  next  need. 

The  metallurgy  of  antimony  is  accomplished  by  heating  the  sulphide 
with  metallic  iron,  as  shown  in  the  following  equation: 

SbjSj     +     Fea     =     3FeS     +     Sb^. 

In  order  to  facilitate  the  separation  of  the  metal  from  the  ferrous 
sulphide  a  mixture  of  exsiccated  sodium  sulphate  and  coal  is  added 
for  the  purpose  of  forming  a  slag  with  the  ferrous  sulphide. 

Antimony  is  a  brilliant  brittle  metal,  of  lamellated  texture,  and 
silvery  white  when  chemically  pure.  The  commercial  antimony, 
however,  is  usually  of  a  bluish-white  tint.  Antimony  is  a  constituent 
of  several  valuable  alloys.  Thus,  type-metal  is  a  combination  of 
15  per  cent,  of  antimony  and  85  per  cent,  of  lead;  while  pewter  consists 
of  10  per  cent,  of  antimony,  86  per  cent,  of  tin,  3  per  cent,  of  zinc, 
and  1  per  cent,  of  copper. 

The  tests  for  antimony  are  as  follows:  hydrogen  sulphide  precipi- 
tates from  acid  solutions  of  antimony  golden  yellow  (orange)  antimony 
sulphide  (SbjSg),  which,  like  the  sulphides  of  arsenic,  tin,  gold,  and 
platinum,  will  dissolve  in  ammonium  sulphydrate  solution.  If,  into 
an  acid  solution  of  antimony  is  placed  zinc  and  platinum  in  the  form 
of  plates,  an  electrolytic  action  takes  place  with  the  deposition  of 
antimony  on  the  platinum  as  a  black  spot.  This  black  spot  is  soluble 
in  a  solution  of  potassium  permanganate. 

As  mentioned  under  Arsenic,  Marsh's  tests  can  be  used  for  the 
detection  of  antimony.  In  fact,  the  two  elements  act  so  similarly 
when  subjected  to  Marsh's  test  as  to  render  it  difficult  to  distinguish 
between  them.  When  antimony  is  used  in  Marsh's  test,  however,  the 
hydrogen  flame  has  a  tint  which  an  expert  can  easily  distinguish 
from  arsenic.  The  spot  produced  by  placing  a  clean  piece  of  porcelain 
into  the  flame  (which  is  none  other  than  separated  metallic  antimony) 
is  darker  than  the  similar  arsenic  spot,  and  possesses  less  metallic 
lustre.  Moreover,  it  is  insoluble  in  Labarraque's  solution,  while  the 
arsenic  spot  dissolves  readily  in  this  reagent. 

Fleitmann's  test  does  not  respond  to  antimony,  and  is,  therefore, 
to  be  preferred  in  the  detection  of  arsenic. 

Three  oxides  of  antimony  are  known,  the  antimonous  oxide, 
SbjOg,  antimonic  oxide,  Sb205,  and  the  third  oxide,  SbjO^. 

Sb204  can  be  considered  as  SbzOg  plus  SbgOg,  which  would  give  us 
Sb408  or  2Sb204.  Besides,  it  can  be  regarded  as  antimonyl  antimonate 
(SbO)Sb03,  to  understand  which  the  acid  forms  of  antimony  must  be 
explained. 

Already  we  have  seen  that  nitrogen  with  valences  iii  and  v  give 
two  oxides,  NjOg  (nitrous)  and  N2O5  (nitric).  Just  so  are  the  oxides 
of  antimony,  Sb203  and  Sb205. 

The  nitrogen  oxides,  as  shown  on  p.  369,  yield,  when  added  to 
water,  nitrous  and  nitric  acids  respectively. 

Exactly  so  SbjOg  yields  antimonous  acid  (HSb02)  and  SbgOg  gives 
antimonic  acid   (HSbOg).     Antimonic  acid  will  give  salts,  such  as 
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potassium  antimonate   (KSbOg),  and  in  Sb204  we  have  antimonyl 
antimonate — (SbO)Sb03,    antimonyl    being    a   radicle   of   valence    i 

(SbO)^  graphically  0|J ,  just  as  ammonium  is  a  radicle  with  valence  i 


N 


— N 
— N 


(NH,)^  graphically  |l=S 

The  ''antimonyl,"  just  spoken  of,  is  found  in  one  of  the  official 
preparations — tartar  emetic. 

The  only  preparations  of  antimony  recognized  in  the  present 
pharmacopoeia  are: 

Antimony  and  potassium  tartrate.     At  least  99.5  per  cent,  absolute  2K(SbO)- 

Wine  of  antimony,  containing  0.4  per  cent,  antimony  and  potassium  tartrate. 
Compound  syrup  of  squill,  containing  0.2  per  cent,  antimony  and  potassium  tar- 
trate. '- 

The  pharmacopoeia  of  1890  also  recognized — 

Antimony  sulphide. 
Purified  antimony  sulphide. 
Sulphurated  antimony. 
Antimony  oxide. 

ANTIMONII   ET   POTASSII   TARTRAS.    Antimony  and  Potassium 

Tartrate. 

2K(SbO)C,HA  +  H^O  =  659.80 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Antimony  and  Potassium 
Tartrate  [2C2H2(OH)2(COOK)COOSbO  +  HjO]. 

Colorless,  transparent  crystals  of  the  rhombic  system,  becoming  opaque  and 
white  on  exposure  to  air,  or  a  white,  granular  powder;  without  odor  and  having  a 
sweet,  afterward  disagreeable,  metallic  taste. 

Soluble  in  15.5  parts  of  water  at  25°  C.  (77°  F.)  and  in  3  parts  of  boiling  water, 
but  insoluble  in  alcohol,  which  precipitates  it  from  its  aqueous  solution  in  the  form 
of  a  crystalline  powder. 

When  heated  to  110°  C.  (230°  F.)  the  salt  loses  its  water  of  crystaUization  (2.71 

Eer  cent.).      When  heated  to  redness  it  chars,  emits  an  odor  resembling  that  of 
urning  sugar,  and  leaves  a  blackened  residue  having  an  alkaline  reaction. 

On  adding  sodium  carbonate  T.S.  to  crushed  crystals  of  the  salt,  effervescence 
should  not  occur  (absence  of  potassium  bitartrate). 

Tests  for  Identity. — See  Antimony,  Potassium,  and  Tartrates  in 
Part  V. 

Impurities. — Sulphates,  chlorides,  calcium,  iron,  heavy  metals, 
arsenic.  Details  in  Part  V.  Potassium  bitartrate.  Details  given 
above. 

Assay. — Details  in  Part  V. 

This  official,  commonly  called  tartar  emetic,  is,  in  truth,  antimonyl 
and  potassium  tartrate,  since  the  radicle  (SbO)'  enters  the  compound 
rather  than  the  element  itself.  Tartaric  acid  has  the  power  of  easily 
forming  double  salts.  (See  p.  378.)  Rochelle  salt  was  one  of  these 
double  salts,  and  "tartar  emetic"  differs  from  Rochelle  salt  only  in 
the  substitution  of  antimonyl  (SbO)  for  sodium: 

KNaC.H.Os  (Rochelle  salt).     K(SbO)C,H,08  (tartar  emetic). 
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It  is  made  by  boiling  the  antimony  oxide  with  potassium  bitartrate 
and  water  for  an  hour.  When  so  treated,  the  hydrogen  of  the  potas- 
sium bitartrate  is  eventually  replaced  by  the  antimonyl  group  fur- 
nished by  the  antimony  oxide. 

Antimony  and  potassium  tartrate,  as  its  synonym  would  indicate,  t 
is  used  as  an  emetic,  in  large  doses,  while  in  small  doses  it  acts  as 
an  alterative  and  diaphoretic  and  expectorant.  It  was  formerly 
largely  used  as  an  emetic,  but  its  action  was  so  violent  that  it  has 
largely  fallen  into  disuse.  If  given  in  an  overdose,  the  antidote  is 
tannin. 

Dose. — Expectorant,  5  milligrammes  (-^  grain).  Emetic,  30 
milligrammes  (^  grain). 

Tartar  emetic  is  a  constituent  of  two  official  galenics — wine  of 
antimony  (p.  257),  containing  0.4  per  cent,  of  tartar  emetic  dissolved  in 
boiling  water  and  added  to  white  wine,  and  compound  syrup  of  squill 
(p.  200),  containing  0.2  per  cent,  of  tartar  emetic  combined  with  a 
fluidextract  of  senega,  fluidextract  of  squill,  and  syrup. 

ANTIMONII  OXIDUM  (U.  S.  P.  1890).    Antimony  Oxide. 

Shows  that  element  with  the  valence  in,  it  being  the  "ous"  oxide,  SbjOj.  It 
was  the  antimony  ingredient  of  the  antimonial  powder  (U.  S.  P.  1890). 

The  manufacture  of  this  compoxmd  is  rather  intricate.  Antimony  sulphide  is 
first  dissolved  in  hydrochloric  acid,  whereby  soluble  antimony  chloride,  butter  of 
antimony,  is  produced: 

Sb,S3     +     6HC1     =     2SbCl3     +     3H,S. 

The  filtered  solution  is  then  poured  into  a  large  quantity  of  water,  with  the  produc- 
tion of  an  insoluble  oxychloride,  shown  by  the  following  equation: 

12SbCl3     +     I5H2O     =     2SbCl35Sb203     +     30HC1. 

This  insoluble  oxychloride  (powder  of  algaroth)  is  then  treated  with  ammonia  water, 
which  converts  it  into  the  pure  oxide,  as  is  shown  in  the  following  equation: 

2SbCl35Sb303     +     6NH,0H     =     eSb.Oj     +     6NH,C1     +     SH^O. 

This  oxide  is  washed  to  free  it  from  ammonium  chloride  and  then  dried. 

The  product  is  a  white  powder,  insoluble  in  water. 

Antimony  oxide  is  used  as  an  alterative  in  doses  of  0.05  Gm. 

Antimonial  powder  (U.  S.  P.  1890)  or  James'  powder  is  a  galenic  made  by  trit-    s 
urating  33  Gm.  of  the  oxide  with  67  Gm.  of  calcium  phosphate.     (See  p.  301.)  ^^ 

Antimony  sulphide  was  official  in  three  forms  in  the  pharmacopoeia  of  1890. 

First:  The  crude  ore  containing  arsenic,  despite  the  efforts  to  remove  it  by  fusion. 

Second:  The  purified,  from  which  the  arsenous  sulphide  has  been  removed  by 
water  of  ammonia. 

Third:  Sulphurated,  which  is  made  by  a  process  similar  to  that  followed  in 
making  precipitated  sulphur.  (See  p.  399.)  Although  the  chemical  reaction  is 
quite  different  in  both  cases,  the  substance  which  we  desire  to  purifjr,  and  which  is 
insoluble,  is  dissolved  by  boiling  with  alkali  (lime  in  the  case  of  precipitated  sulphur, 
soda  in  sulphurated  antimony),  and  the  product  desired  precipitated  with  acid. 
" Kermes  mineral"  (as  the  sulphurated  antimony  is  called),  is  not  a  pure  sulphide, 
SbjSj,  but  is  a  mixture  of  this  with  SbjOj.  It  is  called  Kermes  mineral,  from  a  sup- 
posed resemblance  to  Kermes,  an  ancient  dye-stuff. 

ANTIMONII  SULPHIDUM  (U.  S.  P.  1890).     Antimony  Sulphide. 

This  substance  is  too  crude  for  internal  use,  containing,  as  it  does,  a  large  quantity 
of  arsenic.  It  is  used  very  largely  in  veterinary  practice  as  an  alterative  under 
the  name  of  black  antimony,  and  should  never  be  dispensed  for  human  consumption. 


t 
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ANTIMONII  SULPHIDUM  PURIFICATUM  (U.  S.  P.  1890).    Purified 

Antimony  Sulphide. 

This  product  represented  crude  antimony  sulphide,  purified  by  washing  with 
ammonia,  the  theory  of  this  washing  being  that  arsenic  sulphide  is  soluble  in  ammonia 
water.  However,  antimony  sulphide  itself  is  somewhat  soluble  in  ammonia  water, 
and  therefore  the  process  is  wasteful.  Equally  good  results  would  be  obtained,  as 
far  as  freeing  the  sulphide  from  arsenic  is  concerned,  by  washing  with  a  mixture  of 
ammonia  water  and  ammonium  carbonate,  in  which  solvent  an  antimony  sulphide 
is  scarcely  soluble. 

The  purified  sulphide  of  antimony  is  used  as  an  alterative  in  doses  of  1  grain 
(0.06  Gm.). 

ANTIMONII   SULPHURATUM    (U.  S.  P.  1890).     Sulphurated  Anti- 
mony. 

As  just  mentioned,  Kermes  mineral  is  made  by  boiling  antimony  sulphide  with 
soda  and  precipitating  the  alkaline  solution  with  sulphuric  acid. 

The  equations  occurring  in  this  process  are  as  follows:  ( 


(a)  Sb,S3 

+     6NaOH     = 

=     NajSbOj 

+     NajSbSg 

+     3H,0. 

(6)  2Na3Sb03 

+     3H2SO4      = 

=     SNa^SO^ 

+     Sb^Oj 

+     3H2O. 

(c)  2Na3SbS3 

+     3H,S0,      = 

=     3NaaS0« 

+     Sb^Sj 

+     3H2S. 

Sulphurated  antimony  is  an  alterative  and  diaphoretic.  It  is  much  esteemed 
by  French  physicians,  who  find  it  a  valuable  constituent  for  cough-mixtures,  a 
favorite  recipe  for  this  purpose  being  1  grain  of  sulphurated  antimony  in  1  ounce  of 
syrup  of  wild  cherry,  a  teaspoonful  being  given  as  a  dose.  Its  dose  is  usually  from 
i  to  1  grain. 

Compound  pills  of  antimony,  or  Plummer's  pills,  consist  of  sulphurated  anti- 
mony, powdered  guaiac,  and  calomel.  They  are  used  in  secondary  syphilis,  one  or 
two  pills  being  the  dose. 

Another  unofficial  antimony  compound  worth  passing  mention  is  pyroantimonic 
acid,  H4Sb207.  This  compound,  as  it  will  be  seen,  has  the  formula  analogous  to 
that  of  pyrophosphoric  acid,  already  discussed  on  p.  473,  its  potassium  salts  being 
used  for  the  detection  of  sodium,  sodium  pyroantimoniate  being  practically  the  only 
insoluble  sodium  compound. 

TIN 

Symbol,  Sn.     Atomic  weight,  approximately  118 

While  this  element  yields  no  official  compounds,  it  is  of  sufficient  importance 
to  justify  passing  notice. 

The  source  of  tin  is  the  oxide,  Sn02,  which  is  commonly  called  tin  stone,  and  mined 
very  largely  in  Cornwall,  England,  Malacca,  and  Dakota. 

Tin  has  been  used  for  many  centuries,  Pliny's  kassiteros  (or  plumbum  candidum), 
which  he  says  came  from  the  Cassiterides  in  the  Atlantic,  being  our  modern  tin. 
The  Latin  word  stannum  is  derived  from  the  Saxon  stan,  meaning  stone. 

The  metallurgy  of  tin,  like  that  of  so  many  other  metals,  is  accomplished  by  heat- 
ing together  coal  and  the  oxide,  freed  from  sulphur  and  arsenic  by  roasting,  the 
reaction  being  as  follows: 

SnO^     +     C2     =     Sn     +     CO2. 

Tin  is  a  brilliant  white  metal,  very  malleable,  and  thus  can  be  made  out  into 
very  thin  sheets,  which  are  much  used  by  pharmacists  under  the  name  of  tin-foil. 
The  so-called  tin-plate  consists  of  sheets  of  iron  coated  with  tin,  either  by  dipping 
the  iron  into  the  molten  metal  or  by  rolling  the  tin  upon  the  iron  plate. 

Tin  compounds  are  tested  as  follows:  Potassium  hydroxide  produces  a  white 
precipitate  of  tin  hydroxide;  ammonium  sulphide  produces  a  black  precipitate  when 
a  stannous  salt  is  under  treatment  (stannous  sulphide);  a  yellow  precipitate  of 
stannic  sulphide,  if  the  tin  compound  is  of  the  higher  valence.  The  special  test  for 
stannous  tin  is  the  fact  that  if  a  solution  of  mercuric  chloride  is  mixed  with  a  solution 
of  stannous  salt,  the  mercuric  salt  is  reduced  to  metallic  mercury,  with  a  correspond- 
ing separation  of  the  metal  as  a  gray  precipitate. 

Two  oxides  of  tin  are  known,  stannous  oxide,  SnO,  and  the  stannic  oxide,  SnOj. 
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In  these,  like  in  the  other  tin  compounds,  the  stannous  form  of  tin  exhibits  the  va- 
lence II,  while  the  stannic  form  shows  valence  iv. 

No  compounds  of  tin  are  official.  The  following,  however,  are  of  passing  in- 
terest in  pharmaceutic  chemistry.  Stannoiis  chloride,  SnClj,  is  made  by  treating  the 
metal  with  hydrochloric  acid,  and  is  used  in  analytic  work  as  a  reducing  agent,  as 
shown  in  the  mercury  test  for  stannous  compounds  that  has  just  been  given. 

Stannic  chloride,  SnCl^,  was  first  made  by  Libavius  (1605)  by  distilling  tin  with 
mercuric  chloride.  When  water  free,  it  is  a  colorless,  fuming  liquid,  which  was 
formerly  known  as  spiritus  fumans  Ldbavii. 

Tin,  like  zinc  and  aluminum,  stands  midway  between  the  positive  and  negative 
elements,  and  while  generally  acting  as  a  metal  in  its  compounds,  it  forms,  with 
alkalies,  salts  of  stannic  acid,  HjSnOj.  The  sodium  salt,  NajSnOj,  is  used  largely 
in  calico  printing  imder  the  name  of  "tin  salt." 

GOLD 

Symbol,  Au.     Atomic  weight,  approximately  196 

Gold  is  usually  found  in  the  native,  uncombined  form,  being 
associated  with  either  sand  or  quartz.  It  is  beyond  the  limits  of  this 
work  to  go  into  extended  consideration  of  the  production  of  gold, 
and  therefore  suffice  it  to  say  that  it  is  found  in  certain  sections  of 
the  world,  such  as,  for  instance,  California,  Alaska,  Australia,  and 
South  Africa. 

The  mining  of  gold  is  accomplished  in  several  ways,  according 
to  the  condition  in  which  the  metal  is  found.  When  found  associated 
with  sand,  it  is  usually  extracted  from  the  beds  of  rivers.  In  this 
case  the  gold  is  separated  from  the  sand  by  the  process  of  washing, 
which  can  be  compared  to  levigation.  (See  p.  146.)  If  done  on  a 
small  scale,  the  mixture  is  placed  in  a  pan,  and  washed  rapidly  with 
water,  whereby  the  sand  is  washed  out,  leaving  the  heavier  gold  in 
the  bottom  of  the  pan.  The  washing  is  performed  on  a  large  scale 
by  the  process  of  "placer-washing,"  which  consists  of  putting  the 
gold-bearing  sand  into  the  upper  one  of  a  series  of  long  troughs,  each 
trough  being  slightly  lower  than  its  predecessor. 

Into  the  top  trough  is  run  a  good  stream  of  water  (usually  from  an 
adjacent  mountain  torrent),  which,  passing  continuously  through, 
gradually  throws  out  ail  the  sand,  and,  at  the  same  time,  a  large 
quantity  of  the  gold.  The  mixture  of  sand  and  gold  passes  to  a  second 
trough,  where  a  considerable  quantity  of  the  gold  separates  out, 
while  all  the  sand  is  washed  out  into  the  third  trough.  And  thus  the 
process  goes  on  until  all  the  sand  has  been  removed,  while  practically 
all  the  gold  remains  in  the  troughs. 

The  crude  gold  is  purified  by  the  amalgamation  process, — that  is, 
it  is  treated  with  mercury, — and  the  amalgam  then  submitted  to 
distillation,  when  the  mercury  passes  over,  leaving  the  gold  in  the  still. 

When  gold  is  found  in  quartz,  the  gold  is  extracted  by  either  of 
two  methods. 

In  the  chlorine  process  the  ore  is  roasted  to  remove  sulphur  and 
arsenic,  the  residue  mixed  with  water  and  treated  with  chlorine. 
Gold  is  separated  from  the  resulting  gold  chloride  solution  by  pre- 
cipitation with  ferrous  sulphate. 

In  the  cyanide  process  the  finely  ground  ore  is  percolated  with  a 
dilute  solution  of  potassium  cyanide,  which  dissolves  the  gold  as  a 
double  cyanide.  The  metal  is  separated  from  the  percolate  by 
electrolysis. 
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Gold  is  one  of  the  most  ancient  of  metals,  ornaments  of  the  metal 
being  found  in  the  Egyptian  tombs.  The  Latin  word  for  gold,  aurum, 
is  of  classic  origin,  being  derived  from  the  Hebrew  word  zohov,  which 
meant  the  color  of  fire.  It  is  of  interest  to  note  that  in  many  of  the 
ancient  languages  the  word  distinguishing  gold  is  the  same  word  used 
to  signify  yellow. 

Gold  is  a  soft  yellow  metal,  having  the  specific  gravity  19.00. 
It  is  the  most  malleable  of  all  metals,  capable  of  being  beaten  into 
sheets  (leaves)  so  thin  that  280,000  of  them  are  required  to  measure 
an  inch.  When  beaten  out  so  thinly,  the  sheets  are  translucent,  and 
the  light  transmitted  through  them  is  of  a  greenish  color.  Gold  is 
also  a  very  ductile  metal,  although  it  is  not  capable  of  being  drawn 
into  wire  as  thin  as  is  platinum.  It  is  not  soluble  in  nitric  acid  nor 
in  hydrochloric  acid,  but  it  does  dissolve  in  a  mixture  of  the  two — 
aqua  regia  (see  p.  417),  which  is  supposed  to  act  on  the  nietal,  not  by 
reason  of  the  composition  of  either  of  the  constituents,  but  because 
of  the  free  chlorine  and  nitrosylchloride  contained  in  the  nitrohydro- 
chloric  acid.  Because  of  the  softness  of  the  pure  metal,  gold  is  always 
employed  in  the  form  of  an  alloy. 

The  gold  coins  of  America  consist  of  90  per  cent,  of  gold  and  10 
per  cent,  of  copper,  while  the  gold  used  in  making  jewelry  contains 
a  still  larger^  quantity  of  copper.  The  rating  of  the  gold  content  of 
jewelry  gold  is  not  by  percentage,  but  by  a  clumsy  commercial  standard 
called  karats.  Pure  gold  is  said  to  be  24  karats.  Hence  when  we 
speak  of  14-karat  gold  we  mean  that  it  is  |-|  gold. 

The  tests  for  gold  are  as  follows:  Hydrogen  sulphide  gives  the 
black  precipitate  of  gold  sulphide.  When  a  fresh  solution  of  ferrous 
sulphate  "is  added  to  a  solution  of  gold  salt,  gold  separates  out,  and 
when  gold  salts  are  treated  with  tin  chloride  in  the  presence  of  a  ferric 
salt,  a  beautiful  purple  precipitate  is  formed.  This  precipitate,  which 
is  either  SnAu2(Sn03)2,  according  to  Debray,  a  mixture  of  metallic 
gold  with  a  stannic  acid,  was  formerly  used  as  a  pigment  under  the 
name  of  purple  of  Cassius. 

Gold  usually  exhibits  the  valence  iii,  although  monovalent  gold 
is  known  in  such  compounds  as  AuCl  and  AujO. 

The  only  official  salt  of  gold  is — 

AURI   ET   SODII   CHLORIDUM.     Gold  and  Sodium  Chloride. 

A  mixture  of  equal  parts,  by  weight,  of  anhydrous  Gold  Chloride  [AuClg =301.24] 
and  anhydrous  Sodium  Chloride  [NaCl  =  58.06],  representing  not  less  than  30  per 
cent,  of  metallic  gold.     It  should  be  kept  in  well-stoppered,  amber-colored  vials. 

An  orange-yellow  powder,  odorless,  having  a  saline  and  metallic  taste,  and  deli- 
quescent when  exposed  to  damp  air. 

The  compound  is  very  soluble  in  water  and  at  least  one-half  of  it  should  be  sol- 
uble in  cold  alcohol. 

When  exposed  to  a  red  heat  it  is  decomposed,  and  metallic  gold  is  separated. 

A  fragment  of  the  compound  imparts  a  persistent,  intensely  yellow  color  to  a 
non-luminous  flame. 

Its  aqueous  solution  has  a  slightly  acid  reaction,  and  yields  with  silver  nitrate 
T.S.  a  white  precipitate  insoluble  m  nitric  acid  and  soluble  in  ammonia  water. 

On  bringing  a  glass  rod  moistened  with  ammonia  water  close  to  a  portion  of 
Gold  and  Sodium  Chloride,  no  white  fumes  should  make  their  appearance  (absence 
of  free  hydrochloric  acid). 

If  0.5  Gm.  of  Gold  and  Sodium  Chloride  be  dissolved  in  25  Cc.  of  water,  in  a 
porcelain  dish,  the  solution  made  alkaline  by  the  addition  of  5  Cc.  of  potassium 
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hydroxide  T.S.,  and,  after  the  addition  of  5  Cc.  of  solution  of  hydrogen  dioxide, 
heated  for  about  one  hour  on  a  water-bath,  a  precipitate  of  metaUic  gold  will  be 
obtained,  wliich,  when  washed  with  water  slightly  acidulated  with  hydrochloric  acid, 
dried,  and  ignited,  should  weigh  not  less  than  0.15  Gm.  (corresponding  to  at  least  30 
per  cent,  of  metallic  gold). 

The  filtrate  from  the  precipitated  gold  should  not  be  affected  by  hydrogen 
sulphide  T.S.,  nor,  after  being  supersaturated  with  ammonia  water,  by  ammonium 
sulphide  T.S,  (absence  of  metallic  impurities). 

Tests  for  Identity. — Given  above. 

Impurities. — Free  hydrochloric  acid.  Metallic  impurities.  Details 
above. 

Assay. — Details  in  Part  V. 

Remarks. — Gold  chloride  is  very  deliquescent,  and  to  lessen  this 
disagreeable  quality  as  much  as  possible  the  pharmacopoeia  directs 
it  combined  with  an  equal  weight  of  "decrepitated"  sodium  chloride. 
Decrepitated  salt  means  that  from  which  the  interstitial  water  has 
been  driven  by  heat.  Salt,  when  heated,  crackles,  because  the 
interstitial  water  forms  steam  which  explodes  with  sufficient  force 
to  break  the  crystals. 

The  mixture  of  dried  gold  chloride  with  anhydrous  common  salt 
is  ofl&cial  as  gold  and  sodium  chloride. 

The  gold  chloride  is  made  by  dissolving  gold  in  aqua  regia.  The 
filtered  solution  is  then  evaporated,  when  there  crystallizes  chlorauric 
acid,  HAUCI44H2O. 

If  this  be  mixed  with  sodium  chloride,  true  gold  and  sodium 
chloride,  AuCl3NaC12H20,  results.  This  is  not  the  official  body, 
which,  as  above  stated,  is  made  by  triturating  dried  gold  chloride 
with  an  equal  quantity  of  dried  salt. 

Gold  chloride  is  best  made  by  treating  gold  with  chlorine,  since 
the  product  obtained  by  evaporation  of  an  aqua  regia  solution  is  apt 
to  contain  aurous  chloride,  AuCl. 

Gold  and  sodium  chloride  is  used  as  an  alterative.  Of  late,  gold 
chloride  and  other  compounds  have  been  much  vaunted  as  remedies 
for  the  drink  habit.  That  the  so-called  gold  cure  is  efficient  cannot 
be  denied,  but  whether  due  to  the  gold  or  to  the  other  stimulants 
employed  is  a  matter  still  open  for  discussion. 

Dose. — 5  milligrammes  (j\  grain). 

PLATINUM 
Symbol,  Pt.     Atomic  weight,  193.3 

Platinum  occurs  native,  and  is  found  in  Mexico,  Brazil,  and  chiefly  in  the  Ural 
Mountains.  The  metal  thus  obtained  is  always  contaminated  with  palladium, 
iridium,  osmium,  ruthenium,  and  the  separation  of  these  precious  metals  is  a  matter 
of  considerable  difficulty. 

Platinum  was  first  brought  to  the  attention  of  the  world  by  de  UUoa,  in  1746, 
who,  in  his  descriptions  of  his  explorations  of  Mexico,  referred  to  the  metal  there  dis- 
covered. The  word  platina  (little  silver)  was  first  applied  to  the  metal  by  Scheffer 
in  1752. 

Platinum  is  the  most  ductile  of  all  metals,  it  having  been  drawn  into  wire  so  thin 
that  a  microscope  is  required  to  see  the  strand.  It  is  one  of  the  most  difficult  of  the 
metals  to  be  fused,  and  for  this  reason  it  is  of  great  value  in  the  making  of  crucibles 
or  similar  vessels  to  be  used  for  high  heat.  (See  p.  82.)  It  must  be  noted,  however, 
that  platinum  utensils  are  by  no  means  unaffected  by  any  substance,  experience 
having  shown  that  the  metal  forms  a  fusible  alloy  with  lead  and  a  fusible  phosphide 
with  phosphorus;    that  also   alkaline   hydrates,   sulphides,   hypophosphites,   and 
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cyanides  attack  the  platinum,  eventually  eating  through  the  same;  so  none  of  these 
substances  should  be  heated  in  platinum  dishes. 

Spongy  platinum  is  an  interesting  form  of  the  metal.     It  is  made  by  heating 

g latino-ammonium  chloride  (see  below)  until  all  the  ammonia  and  chlorine  have 
een  driven  off,  leaving  a  spongy  lump  of  platinum  which  possesses  remarkable 
absorptive  capacity  for  oxygen,  it  being  stated  that  one  volume  will  absorb  250 
volumes  of  that  gas.  The  oxygen  thus  absorbed  is  in  a  condition  readily  to  combine 
with  other  substances,  notably  hydrogen,  and  this  principle  was  made  use  of  in  the 
so-called  Doebereiner's  lamp,  which  was  largely  used  before  the  introduction  of 
matches.  This  lamp  consists  of  an  ordinary  hydrogen  generator,  with  a  piece  of 
spongy  platinum  placed  near  the  nozzle,  from  which  the  hydrogen  gas  would  be 
emitted.  As  soon  as  a  stream  of  hydrogen  is  placed  on  the  spongy  platinum,  a 
chemical  union  between  oxygen  and  hydrogen  takes  place,  with  a  heat  sufficiently 
intense  to  cause  the  ignition  of  the  hydrogen,  and  thus  producing  flame. 

Another  interesting  point  connected  with  platinum  is  the  fact  that  at  red  heat 
a  sheet  of  platinum  permits  hydrogen  to  pass  through  it,  no  other  gas  being  thus 
given  transit.  This  phenomenon  has  been  made  use  of  for  the  removal  of  hydrogen 
from  a  mixture  of  gases. 

The  tests  for  platinum  are  as  follows:  Hydrogen  sulphide  produces  a  brown 
sulphide,  and  potassium  chloride  added  to  a  solution  of  platinic  chloride  will  produce 
the  characteristic  yellow  crystals.  These  crystals  have  already  been  discussed  under 
Potassium.  A  similar  precipitate  of  platinic  ammonium  chloride  is  produced  when 
ammonium  chloride  is  also  treated  with  platinic  chloride. 

No  salts  of  platinum  are  official,  but  platinic  chloride,  PtCl^,  is  mentioned  in  the 
appendix  to  the  pharmacopoeia  as  a  constituent  of  the  test  solution  used  for  testing 
for  the  presence  of  potassium. 


CHAPTER   XXXIII 
CADMIUM,  COPPER,  AND  BISMUTH 

CADMIUM 
Symbol,  Cd.     Atomic  weight,  111.6 

Cadmium  is  a  mineral  which  is  usually  found  in  combination  with  zinc;  most 
calamines  containing  cadmium.  The  most  important  cadmium  minerals  is  green- 
ockite,  which  is  chiefly  cadmium  sulphide. 

The  name  is  derived  from  the  Greek  word  kademia,  which  was  the  ancient  name 
for  calamine.     The  element  was  isolated  from  this  ore  by  Strohmeier  in  1817. 

Cadmium  is  a  white  metal,  like  tin,  and  like  it  crackles  when  bent;  it  has  a  higher 
specific  gravity,  however,  and  is  more  tenacious. 

The  tests  for  cadmium  are  the  yellow  sulphide,  produced  by  treating  solutions  of 
the  salts  with  hydrogen  sulphide  or  with  ammonium  sulphide,  and  the  white  hydrox- 
ide, precipitated  when  the  solution  of  the  salt  is  treated  with  potassium  hydroxide  or 
ammonium  hydroxide.  This  hydroxide  is  insoluble  in  an  excess  of  potassa,  but  soluble 
in  an  excess  of  ammonia.  Sodium  carbonate  precipitates  cadmium  salts  in  the  form 
of  white  cadmium  carbonate,  which  is  insoluble  in  an  excess  of  the  reagent. 

Cadmium  usually  exhibits  the  valence  ii,  as  shown  in  the  oxide,  CdO.  No  salts 
of  cadmium  are  official. 

COPPER 

Symbol,  Cu.     Atomic  weight,  approximately  63 

This  important  metal  is  found  in  nature  as  metallic  copper;  also 
is  found  in  the  ore  copper  glance,  CU2S;  also  as  cuprous  oxide,  while 
native  copper  carbonate  forms  a  beautiful  green  mineral,  malachite. 

Copper  has  been  known  from  the  most  ancient  times,  its  name, 
cuprum,  coming  from  cyprum,  the  isle  of  Cyprus,  where  the  ores  were 
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first  mined.  The  metallurgy  of  the  copper  ores  depends  upon  the 
character  of  the  ore.  If  the  ore  is  chiefly  copper  oxide,  the  separation 
is  easily  effected  by  heating  ore  with  carbon,  as  expressed  in  the 
following  equation: 

Cu,0     +     C     =     Cua     +     CO. 

Sulphides,  on  the  other  hand,  are  first  roasted  with  sand  and  some 
subtance  which  will  act  as  a  flux.  This  action  partially  converts  the 
ore  into  copper  oxide.  By  heating  this  mixture,  sulphur  dioxide  is 
liberated  and  copper  remains,  as  expressed  by  the  following  equation: 

CuS     +     2CuO     =     3Cu     +     SO2. 

Chemically  pure  copper  is  prepared  by  the  electrolysis  of  copper 
sulphate. 

Copper  is  a  brilliant  red  metal,  ductile  and  malleable.  When 
chemically  pure,  it  is  an  admirable  conductor  of  electricity,  and  its 
use  for  this  purpose  is  so  extensive  that  the  supply  is  scarcely  equal 
to  the  demand.  The  metal  is  insoluble  in  either  diluted  hydro- 
chloric acid  or  diluted  sulphuric  acid,  except  in  presence  of  air,  but 
it  does  dissolve  in  concentrated  sulphuric  acid  with  the  formation  of 
copper  sulphate. 

An  important  use  of  copper  is  in  the  formation  of  the  well-known  series  of  alloys. 
Thus  brass  is  made  by  the  fusion  of  three  parts  of  copper  and  one  part  of  zinc. 
Bronze  represents  the  mixture  of  copper,  tin,  zinc,  and  lead.  Japanese  bronze  con- 
tains gold  and  silver,  in  addition  to  the  metals  above  given.  Phosphor-bronze  con- 
sists of  90  per  cent,  of  copper,  9  per  cent,  of  tin,  and  1  per  cent,  of  phosphorus.  This 
is  a  remarkably  tough  and  durable  alloy,  and  is,  therefore,  of  great  value  in  making 
metallic  bearings.  Copper  coins  usually  consist  of  95  per  cent,  of  copper,  4  per  cent, 
of  tin,  and  1  per  cent,  of  zinc. 

The  tests  for  copper  are:  The  black  sulphide  produced  by  treatment 
with  hydrogen  sulphide  or  ammonium  sulphide;  the  brown-red  copper 
ferrocyanide  formed  when  a  solution  of  a  copper  salt  is  treated  with 
potassium  ferrocyanide,  and  the  green  color  a  copper  salt  transmits 
to  a  colorless  flame.  More  characteristic,  however,  is  the  reaction  of 
copper  salts  with  ammonia.  When  such  solutions  are  treated  with 
concentrated  ammonia  water,  the  blue  cupric  oxide  is  precipitated. 
If,  on  the  other  hand,  a  copper  sulphate  is  treated  with  diluted 
ammonia,  the  blue  precipitate  redissolves,  with  the  formation  of 
azure-blue  solution.  This  solution  contains  ammoniated  copper 
sulphate,  having  the  following  formula, 

Cu<NH3>so„ 

and  is  quite  characteristic.  It  must  be  borne  in  mind,  however,  that 
nickel  salts,  when  treated  with  ammonia,  give  a  similar  azure-blue 
solution.  If  metallic  zinc  or  iron  is  brought  in  contact  with  a  copper 
salt,  an  electrolytic  action  sets  in,  with  the  deposition  of  metallic 
copper  on  the  other  metal.  This  can  be  demonstrated  by  dipping  into 
a  copper  solution  a  steel  spatula,  which,  on  removal,  will  be  found 
plated  with  copper.  As  mentioned  on  p.  279,  this  test  is  a  simple 
way  for  detecting  the  presence  of  copper  in  vegetable  extracts. 
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Four  oxides  of  copper  are  known — Cu^O,  Cu^O,  CuO,  and  CuOj. 

CujO  (cuprous  oxide)  is  a  brick-red  precipitate  obtained  by  treating  copper 
sulphate  with  an  alkali  in  the  presence  of  a  reducing  agent.  It  is  best  demonstrated 
in  testing  substances  containing  glucose  (example,  diabetic  urine)  with  Fehling's 
solution.     (See  p.  695.) 

Cupric  oxide,  CuO,  occurs  in  the  form  of  black  granules  or  powder;  Cu^O,  copper 
suboxide,  graphically, 

Cu— Cuv 

I      .  >o, 

Cu— Cu/ 

is  an  olive-green  powder,  and  very  rapidly  oxidizes  to  the  cuprous  oxide,  while 
copper  superoxide,  CuOaHjO,  grapmcally, 

is  a  yellow-brown  powder. 

( 

But  one  salt  of  copper  is  official — 

CUPRI   SULPHAS.     Copper  Sulphate. 

CuSO,  -I-  5H2O  =  247.85 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Copper  Sulphate  [SOj.OjCu 
+  5H2O]. 

Large,  transparent,  deep  blue,  triclinic  crystals;  odorless;  of  a  nauseous,  metallic 
taste;  slowly  efflorescent  in  dry  air. 

Soluble  in  about  2.2  parts  of  water,  400  parts  of  alcohol,  and  3.5  parts  of  glycerin 
at  25°  C.  (77°  F.)  and  in  0.5  part  of  boiling  water. 

When  heated  to  30°  C.  (86°  F.)  the  salt  loses  2  of  its  5  molecules  of  water  (14.43 
per  cent.),  and  is  converted  into  a  pale  blue,  amorphous  powder.  Two  more  mole- 
cules of  water  are  lost  at  100°  C.  (212°  F.),  while  the  fifth  is  retained  until  200°  C. 
(392°  F.)  is  reached,  when  a  white,  anhydrous  powder  remains  (63.9  per  cent,  of  the 
original  weight).  At  a  still  higher  temperature,  sulphur  dioxide  and  oxygen  are 
given  off,  and  a  residue  of  black  cupric  oxide  is  left. 

The  aqueous  solution  (1  in  20)  has  a  blue  color  and  shows  an  acid  reaction  with 
blue  litmus-paper. 

Tests  for  Identity. — See  Copper  and  Sulphates  in  Part  V. 

Impurities. — Excess  of  iron  or  of  aluminum  and  heavy  metals. 
Details  in  Part  V. 

Remarks. — This  substance  is  known  as  blue  vitriol,  as  already 
mentioned  on  p.  419.  It  is  made  by  treating  copper  with  sulphuric 
acid,  and  according  as  the  acid  is  diluted  or  concentrated  the  reaction 
differs.  When  copper  is  treated  with  diluted  sulphuric  acid,  the 
equation  runs  as  follows: 


^^. 


Cu     +     H^SO,     +     O     =     CuSO,     -i-     H2O. 

/FromN 
\  air.  / 


while  if  the  metal  is  treated  with  hot  concentrated  sulphuric  acid, 
the  equation  is  as  given  below: 


^>^, 


Cu     +     2H2SO,     =     CuSO,     +     SO2     +     2H2O. 


It  is  interesting  to  note  that  in  neither  case  is  hydrogen  produced, 
as  usually  occurs  when  a  metal  is  treated  with  sulphuric  acid. 

Large  amounts  of  crude  blue-stone  are  made  by  roasting  various 
ores  and  treating  the  residue  with  sulphuric  acid. 
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Of  the  tests  given  above,  its  efflorescence  and  exsiccation  are 
matter  of  interest;  the  fifth  molecule  of  water  of  crystallization,  held 
until  the  salt  is  heated  to  200°  C,  being  an  illustration  of  water  of 
constitution  (p.  147). 

Copper  sulphate,  when  given  in  small  doses,  acts  as  an  astringent 
or  tonic.  If  given  in  large  doses,  it  acts  as  an  emetic,  and  was  formerly 
considerably  used  for  this  purpose.  Its  action,  however,  is  too 
irritating  to  recommend  its  use  in  these  days.  Applied  externally 
in  the  form  of  a  moistened  crystal  it  is  caustic,  while  a  dilute  solution 
is  used  as  an  astringent  injection  in  gonorrhea. 

Dose. — Astringent,  10  milligrammes  (^  grain);  emetic,  250  milli- 
grammes (4  grains). 

Cupric  acetate,  which  was  recognized  in  the  pharmacopoeia  of  1880,  is  called 
verdigris,  and  was  formeriy  in  considerable  use  as  an  application  for  ring-worms  and 
other  skin  troubles. 

BISMUTH 

Symbol,  Bi.     Atomic  weight,  approximately  207. 

Bismuth  is  found  in  nature;  it  also  occurs  as  sulphide  in  the  ore, 
bismuth  glance.  The  word  bismuth  is  derived  from  the  German 
Wismuth,  the  origin  of  this  term  being  supposedly  from  the  two 
German  words  Weise  matte,  beautiful  meadow.  This,  however, 
has  been  pronounced  by  Huseman  to  be  merely  a  pleasant  fable,  his 
researches  proving  that  the  first  mention  of  the  metal  in  the  Berg- 
buchlein  of  1518  was  under  the  name  of  Wyssmut. 

The  extraction  of  the  metal  from  the  sulphide  is  accomplished 
by  roasting  in  a  reverberatory  furnace,  thus  forming  bismuth  oxide, 
as  shown  in  the  following  equation: 

BijSj     +     O9     =     BijOs     +     SSOj. 

On  heating  bismuth  oxide  with  coal,  carbon  dioxide  is  liberated,  and 
metallic  bismuth  remains, 

2Bi303     +     C3     =     Bi^     +     3C0,. 

Bismuth  is  'a  crystalline,  brittle,  pulverizable,  brilliant  metal  of 
silvery  color,  with,  however,  a  slight  reddish  tint.  In  many  of  its 
qualities  it  resembles  antimony. 

The  chief  use  of  the  metal  is  for  the  formation  of  fusible  alloys, 
it  possessing  the  characteristic  property  of  blending  with  certain 
metals  to  form  an  alloy,  melting  at  a  temperature  much  below  the 
melting-point  of  any  of  the  metals  when  heated  alone.  Thus,  two 
parts  of  bismuth,  one  part  of  lead,  and  one  part  of  tin,  the  melting- 
point  of  the  metals  being  respectively  270°  C,  330°  C,  and  235°  C, 
melts  at  94°  C.  (Rose's  fusible  metal),  while  Wood's  metal,  consisting 
of  four  parts  of  bismuth,  one  part  of  cadmium,  one  part  of  tin,  and 
two  parts  of  lead,  melts  at  60.5°  C.  The  chief  use  of  such  fusible 
metals  is  for  automatic  fire-sprinklers,  these  consisting  of  water-pipes 
passing  along  the  ceiling  of  a  room,  punctured  with  holes  which  are 
plugged  with  the  fusible  metal.  If  a  fire  breaks  out  in  the  apartment, 
as  soon  as  the  temperature  reaches  65°,  the  metallic  plugs  melt  and 
streams  of  water  are  thrown  into  the  room.  Pieces  of  these  metals 
are  also  used  as  safety  fuses  in  electric  wiring. 
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Tests. — Bismuth,  like  so  many  metals  of  this  group,  gives  a  black 
sulphide  when  treated  with  hydrogen  sulphide  or  ammonium  sulphide. 
A  more  characteristic  test  is  the  fact  that  acid  solutions  of  bismuth 
salts,  when  poured  into  water,  produce  a  white  precipitate  of  a  "sub"- 
salt.  Thus,  bismuth  nitrate  solution,  when  poured  into  water,  forms 
bismuth  subnitrate,  which  precipitates  out  in  the  form  of  a  white 
powder. 

Three  oxides  of  bismuth  are  known: 

BiO  or  (BijOa),  which  is  a  black  substance,  the  graphic  formula  of  which  is 

Bi  =  0 

I 
Bi  =  0; 

BijOa,  bismuthous  oxide,  a  yellow  powder;  and  BijOj,  which  is  red  in  color. 

The  bismuthous  oxide  is  the  one  ordinarily  found.  '^ 

The  following  compounds  of  bismuth  are  official: 

Bismuth  citrate  (BiCjHjO,)  should  yield  58  to  60  per  cent,  absolute  bismuth  oxide. 

Bismuth  and  ammonium  citrate  should  yield  at  least  48  per  cent,  absolute  bis- 
muth oxide. 

Bismuth  subcarbonate — approximately  (BiO)2C03 — should  yield  at  least  90  per 
cent,  absolute  bismuth  oxide. 

Bismuth  subgallate — approximately  BiC^HjOy — should  yield  at  least  52  to  57 
per  cent,  absolute  bismuth  oxide. 

Bismuth  subnitrate — approximately  BiONOj — should  yield  at  least  80  per  cent, 
absolute  bismuth  oxide. 

Bismuth  subsalicylate — approximately  Bi203(C7H503)3 — should  yield  at  least 
62  to  64  per  cent,  absolute  bismuth  oxide. 

In  describing  the  official  compounds  of  bismuth,  the  subnitrate 
is  considered  first,  since  from  it  almost  all  the  other  official  bismuth 
preparations  are  made. 

BISMUTHI   SUBNITRAS.     Bismuth  Subnitrate. 

Bismuth  Subnitrate  should  yield  not  less  than  80  per  cent,  of  pure  bismuth 
oxide. 

A  white  powder,  of  somewhat  varying  chemical  composition,  odorless  and 
almost  tasteless,  and  permanent  in  the  air. 

Almost  insoluble  in  water  and  insoluble  in  alcohol,  but  readily  soluble  in  nitric 
or  hydrochloric  acid. 

When  heated  to  120°  C.  (248°  F.)  for  twelve  hours  the  salt  loses  not  over  3 
per  cent,  of  moisture;  when  subsequently  heated  to  redness  it  evolves  nitrous  vapors, 
leaving  not  less  than  80  per  cent,  of  its  weight  of  a  yellow  residue,  which  is  soluble 
in  nitric  or  hydrochloric  acid  and  blackened  by  hydrogen  sulphide. 

When  brought  in  contact  with  moistened  blue  litmus-paper  the  salt  shows  a 
slightly  acid  reaction. 

On  adding  3  Gm.  of  the  salt  to  3  Cc.  of  warm  nitric  acid  no  effervescence  should 
occur  (absence  of  carbonate),  and  no  residue  should  be  left  (absence  of  insoluble 
foreign  salts). 

If  this  solution  be  poured  into  100  Cc.  of  water,  a  white  precipitate  is  produced. 

Tests  for  Identity. — See  above. 

Impurities. — Excess  chlorides,  lead,  copper,  sulphate,  silver, 
arsenic,  and  ammonia.  Details  in  Part  V.  Alkalies  and  alkaline 
earths,  see  under  bismuth  subcarbonate.  Carbonates,  insoluble 
foreign  salts.     See  above. 

Assay. — Details  in  Part  V. 


CADMIUM,   COPPER,   AND   BISMUTH  593 

I 
Remarks. — An  ancient  synonym  for  this  preparation  was  magis-  ; 

terium  bismuthi,  or  the  master  of  bismuth,  it  being  considered  even  \ 
in  the  days  of  the  alchemists  as  the  most  important  preparation  of 
that  metal.  The  present  pharmacopoeia  gives  no  symbolic  formula 
for  bismuth  subnitrate,  as  its  composition  varies.  In  the  pharma- 
copoeia of  1880  it  was  said  to  be  BiONOgHp.  The  formula  BiONOj 
can  be  resolved  into  a  combination  of  BijOg  and  bismuth  nitrate, 

BijOg 
Bi(N03)3,  viz.,  Bi      (NOg), 


Bi303(N03)3,  or  SBiONOg.  The  formula  BiON03H20  can 
also  be  considered  as  a  combination  of  the  hydroxide  and  the  nitrate, 


VIZ. 


Bi 


—OH 


IZno3-  It  is,  therefore,  apparent  that  the  bismuth  subnitrate 
is  a  mixture  of  the  oxide  and  nitrate,  even  as  ferric  subsulphate  was 
a  combination  of  iron  sulphate  and  iron  oxide. 

The  bismuth  subnitrate  is  prepared  from  bismuth  nitrate,  made 
by  treatment  of  the  metal  with  nitric  acid,  as  is  shown  in  the  following 
equation: 

Bia     +     8HNO3     =     2Bi(N03)3     +     4HjO     +     N^Oj. 

This  bismuth  nitrate  solution  invariably  contains  arsenic,  nearly 
all  bismuth  ores  being  contaminated  with  that  metal,  and  in  order  to 
remove  the  arsenic,  an  elaborate  process  is  necessary.  The  solution 
of  nitrate  is  poured  into  sodium  carbonate  solution,  when  we  obtain 
insoluble  bismuth  subcarbonate,  while  the  arsenic  present  goes  into 
solution  in  the  form  of  sodium  arsenate.  The  precipitate  of  bismuth 
subcarbonate  is  removed  from  the  liquid  by  filtration,  and  then 
dissolved  in  nitric  acid,  when  the  nitrate  is  again  formed.  This  is 
treated  with  a  small  quantity  of  water  and  allowed  to  stand  twenty- 
four  hours,  when  the  remaining  arsenic  separates  out  in  the  form  of 
crystalline  bismuth  subarsenate.  The  filtered  bismuth  nitrate 
solution  is  diluted  with  an  equal  quantity  of  distilled  water,  and  to 
the  mixture  water  of  ammonia  is  slowly  added  with  constant  stirring. 
The  pure  bismuth  subnitrate  separates  out,  and  the  precipitate  is 
collected  on  the  filter,  washed,  and  dried.  In  the  final  separation  of 
the  subnitrate  the  real  action  is  due  to  the  combination  of  bismuth 
nitrate  with  water,  as  is  shown  by  the  following  equation: 

2Bi(N03)a     +     SH^O     =     2BiON03HjO     +     4HNO3. 

The  function  of  ammonia  added  is  to  neutralize  the  nitric  acid  sep- 
arated in  the  reaction. 

At  present  the  salt  is  made  by  pouring  a  solution  of  chemically 
pure  bismuth  nitrate  into  water. 

The  pharmacopoeia  describes  bismuth  subnitrate  as  a  heavy  white 
powder.  A  special  form  of  bismuth  subnitrate,  much  esteemed  in 
certain  sections  of  the  country,  is  a  French  subnitrate  which  occurs 
in  the  form  of  cones  weighing  1.5  grammes,  each  cone  being  considered 
a  medium  adult  dose.  These  cones  are  prepared  by  the  process  of 
trochiscation.     (See  p.  1 17.) 

Bismuth  subnitrate  is  used  as  an  astringent  and  tonic,  although 
if  given  in  large  doses  it  acts  as  a  sedative,  and  is  somewhat  toxic. 

38 
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Its  action  in  diarrhea  is  largely  mechanical,  it  forming  a  clammy 
covering  for  the  inflamed  mucous  membrane,  even  as  does  prepared 
chalk. 

Dose. — 500  milligrammes  (7^  grains). 

BISMUTH  CITRAS.     Bismuth  Citrate. 

BiCeHA  =  394.52 

Bismuth  Citrate  siiould  yield  not  less  than  58  per  cent.,  nor  more  than  60  per 
cent.,  of  pure  bismuth  oxide. 

A  white,  amorphous  or  microcrystalline  powder,  odorless  and  tasteless,  and 
permanent  in  the  air. 

Insoluble  in  water  or  alcohol,  but  soluble  in  ammonia  water  and  in  solutions 
of  alkali  citrates. 

When  strongly  heated  the  salt  chars,  and,  on  ignition,  leaves  a  more  or  less 
blackened  residue,  having  a  yellow  surface  and  soluble  in  warm  niiric  acid;  this  solu- 
tion, when  dropped  into  a  large  excess  of  water,  occasions  a  white  turbidity. 

Recipe  and  details  of  manufacture  in  Part  VII. 

Tests  for  Identity. — See  Bismuth  and  Citrates  in  Part  V. 

Impurities. — Excess  of  nitrate,  arsenic,  lead,  copper,  silver,  chlo- 
rides, and  sulphates.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  official  is  made  by  heating  bismuth  subnitrate 
with  citric  acid  and  boiling  for  fifteen  minutes,  or  until  the  test 
prescribed  by  the  pharmacopoeia  shows  that  all  the  subnitrate  has 
been  converted  into  citrate.  This  process  is  an  interesting  illustration 
of  how  a  chemical  action  not  usually  occurring  can  sometimes  be 
produced.  Ordinarily,  the  nitric  acid  combination  of  bismuth  is 
much  stronger  than  the  combination  of  bismuth  with  citric  acid. 
But  if  citric  acid  is  boiled  with  bismuth  subnitrate,  it  eventually 
drives  off  the  stronger  nitric  acid  by  reason  of  the  fact  that  the  nitric 
acid  is  volatile,  while  the  non-volatile  citric  acid  remains  in  the 
mixture. 

Bismuth  subnitrate,  as  mentioned  above,  is  insoluble  in  ammonia 
water,  while  the  bismuth  citrate  is  quite  soluble  therein,  and  in  the 
official  process  the  boiling  is  continued  until  the  precipitate  is  found 
completely  soluble  in  ammonia  water. 

Bismuth  citrate  is  an  example  of  a  salt  made  by  the  union  of  a 
trivalent  metal  (Bi"i)  with  a  tribasic  acid,  HgCgHgOy.  One  atom  of 
Bi"i  can  replace  the  three  atoms  of  hydrogen  in  the  citric  acid,  HgC,- 
H5O7,  and  thus  we  get  bismuth  citrate,  BiCgHgO,. 

Bismuth  citrate  is  a  white  powder,  insoluble  in  water  or  alcohol, 
but  soluble  in  ammonia  water  with  the  formation  of  the  soluble 
bismuth  and  ammonium  citrate.  Bismuth  citrate  is  rarely  used  in 
medicine,  and  about  the  only  reason  why  it  is  given  official  recognition 
is  because  it  is  used  in  the  manufacture  of  bismuth  and  ammonium 
citrate. 

Dose. — 125  milligrammes  (2  grains). 

BISMUTHI    ET  AMMONII  CITRAS.     Bismuth  and  Ammonium 

Citrate. 

Bismuth  and  Ammonium  Citrate  should  yield  not  less  than  48  per  cent,  of  pure 
bismuth  oxide. 
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Shining  pearly  or  translucent  scales,  odorless,  having  a  metallic  taste,  and  becom- 
ing opaque  with  loss  of  ammonia  on  exposure  to  the  air. 

Very  soluble  in  water  and  sparingly  soluble  in  alcohol. 

When  strongly  heated  the  salt  fuses,  and  finally  leaves  a  blackened  residue, 
having  a  yellow  surface  and  soluble  in  warm  nitric  acid.  The  acid  solution,  when 
dropped  into  a  large  excess  of  water,  occasions  a  white  turbidity. 

The  aqueous  solution  of  the  salt  is  neutral  or  faintly  alkaline  to  litmus-paper. 

Recipe  and  details  of  manufacture  in  Part  VII. 

Tests  for  Identity. — See  Bismuth,  Ammonium,  and  Citrates  in 
Part  V. 

Impurities. — Nitrate,  excess  chlorides,  lead,  copper,  sulphates, 
silver,  arsenic.  Details  in  Part  V.  Alkalies  and  alkaline  earths. 
Details   under   Bismuth   Subcarbonate. 

Assay. — Details  in  Part  V. 

Remarks. — This  preparation  is  made  by  dissolving  bismuth  citrate 
in  ammonia  water  and  evaporating  the  filtered  solution  on  the  water- 
bath  to  syrupy  consistence,  and  scaling  the  same  by  spreading  it  on 
plates  of  glass. 

Bismuth  and  ammonium  citrate  is  in  the  form  of  small  pearly 
scales,  becoming  opaque  on  exposure  to  air.  It  is  very  soluble  in 
water  and  but  sparingly  soluble  in  alcohol. 

In  order  to  secure  the  bismuth  and  ammonium  citrate  in  the  form 
of  translucent  scales  it  is  necessary  to  spread  it  over  thinly  on  glass, 
and  it  might  be  worth  noting  that  the  scales  of  bismuth  and  ammonium 
citrate  are  not  as  handsome  as  are  the  iron  scale  preparations — ferric 
citrate,  for  instance.  If  the  solution  is  spread  thickly  on  glass,  white, 
opaque  scales  are  formed,  and,  as  has  already  been  noted  in  the 
official  description,  often  the  pearly  scales  become  opaque  on  exposure 
to  air.  A  similar  statement  can  also  be  made  in  regard  to  the  solution 
of  bismuth  and  ammonium  citrate.  This  forms  a  clear,  transparent 
liquid  when  freshly  prepared,  but  on  standing  it  becomes  cloudy,  due 
to  gradual  loss  of  ammonia,  and,  as  the  ammonia  separates,  insoluble 
bismuth  citrate  precipitates  out.  This  cloudy  solution  can  be  cleared 
by  the  addition  of  a  few  drops  of  ammonia  water. 

Bismuth  citrate  is  used  as  an  astringent  and  tonic.  It  will  be 
noted  that  the  dose  is  much  smaller  than  that  of  bismuth  subnitrate. 
This  is  due  to  the  fact  that  the  bismuth  and  ammonium  citrate  is  a 
soluble  product,  and  it  must  be  borne  in  mind  that  when  bismuth 
compounds  are  soluble,  they  are  by  no  means  harmless.  In  fact, 
many  therapeutists  deprecate  the  administration  of  soluble  bismuth 
compounds  by  reason  of  their  possible  toxic  action.  Bismuth  and 
ammonium  citrate  was  the  basis  of  the  elixir  of  bismuth  and  the 
elixir  of  pepsin  and  bismuth  of  the  previous  edition  of  the  National 
Formulary.  The  recipe  for  the  latter  preparation  was  unsatisfactory, 
however,  because  of  the  incompatibility  of  bismuth  and  ammonium 
citrate  combined  with  pepsin.  Pepsin  is  held  in  solution  by  acid 
and  precipitated  by  alkalies.  On  the  other  hand,  bismuth  and 
ammonium  citrate  is  held  in  solution  by  alkalies  and  precipitated  by 
acids.  Therefore,  if  we  add  enough  alkali  to  hold  the  bismuth  citrate 
in  solution,  pepsin  will  be  precipitated,  while  if  we  add  acid  to  dis- 
solve the  pepsin,  bismuth  citrate  will  eventually  precipitate.  The 
present  edition  of  the  National  Formulary  lessens  the  possibility  of 
incompatibility  by  using  instead  of  the  official  salt,  a  glycerite  of 
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bismuth  which  is  a  solution  of  bismuth  and  sodium  tartrate,  which 
double  salt  is  soluble  in  acids  and  alkalies. 
Dose. — 125  milligrammes  (2  grains). 

BISMUTHI   SUBCARBONAS.     Bismuth  Subcarbonate. 

Bismuth  Subcarbonate  should  yield  not  less  than  90  per  cent,  of  pure  bismuth 
oxide. 

A  white  or  pale  yellowish-white  powder,  of  somewhat  varying  chemical  com- 
position, Odorless  and  tasteless,  and  permanent  in  the  air. 

Insoluble  in  water  or  alcohol,  but  completely  soluble  in  nitric  or  hydrochloric 
acid,  with  copious  effervescence. 

When  heated  to  redness  the  salt  loses  water  and  carbon  dioxide,  and  should 
leave  not  less  than  90  per  cent,  of  a  yellow  residue,  which  is  soluble  in  nitric  or  hy- 
drochloric acid  and  blackened  by  hydrogen  sulphide  T.S. 

If  1  Gm.  of  the  salt  be  boiled  with  10  Cc.  of  a  mixture  of  equal  parts  of  acetic 
acid  and  water,  the  solution  cooled  and  filtered,  and  the  filtrate  freed  from  bismuth 
by  hydrogen  sulphide,  boiled,  and  again  filtered,  the  last  filtrate  should  leave  no 
residue  on  evaporation  (absence  of  alkalies  and  alkali  earths). 

Tests  for  Identity. — See  Bismuth  and  Carbonates  in  Part  V. 

Impurities. — Chlorides,  lead,  copper,  sulphate,  silver,  excess  of 
subnitrate,  arsenic.  Details  in  Part  V.  Alkalies  and  alkali  earths. 
See  above. 

Assay. — Details  in  Part  V. 

Remarks. — No  formula  for  bismuth  subcarbonate  is  given  in  the 
present  pharmacopoeia,  but  the  standard  of  1880  declared  it  to  be 
(BiO)2C03.  This  formula  may  be  resolved  into  bismuth  oxide  and 
bismuth  carbonate,  as  is  here  shown: 

Added  to  Bismuth  oxide  2Bi203  or  Bi^Og 

Bismuth  carbonate  Bij     (€03)3 

Gives  BieOe(C03)3 

Or  3(BiO)2C03. 

Bismuth  subcarbonate  is  prepared  by  dissolving  metallic  bismuth 
in  nitric  acid,  and  with  careful  handling  the  resulting  bismuth  nitrate 
solution  is  freed  from  the  arsenic  by  diluting  with  a  little  water  and 
allowing  the  mixture  to  stand  in  order  to  permit  the  subarsenate  to 
separate  out.  This  is  filtered,  and  to  the  filtered  liquid  an  equal 
quantity  of  water  is  added,  and  then  a  small  amount  of  ammonia 
water,  when  the  subnitrate  precipitates.  The  bismuth  subnitrate  is 
redissolved  in  nitric  acid,  the  filtered  nitrate  solution  is  then  poured 
into  a  solution  of  sodium  carbonate,  and  the  precipitate  of  bismuth 
subcarbonate  collected  on  the  filter,  washed,  and  dried. 

Bismuth  subcarbonate  is  used  as  an  astringent  and  tonic,  and  in 
use  resembles  bismuth  subnitrate. 

Dose. — 500  milligrammes  (7^  grains). 

BISMUTHI   SUBGALLAS.     Bismuth  Subgallate. 

Bismuth  Subgallate  should  yield  not  less  than  52  nor  more  than  77  per  cent., 
of  pure  bismuth  oxide. 

An  amorphous,  bright  yellow  powder,  somewhat  variable  in  chemical  com- 
position, without  odor  or  taste,  and  permanent  in  the  air. 

Insoluble  in  water,  alcohol,  and  ether;  readily  soluble  with  decomposition  in 
hydrochloric,  nitric,  and  sulphuric  acids,  if  these  be  heated;  insoluble  in  very  dilute 
mineral  acids;  readily  soluble  in  solutions  of  the  alkali  hydroxides,  forming  a  clear 
yellow-colored  solution,  which  rapidly  changes  to  a  deep  red. 
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When  heated  to  120°  C.  (248°  F.)  the  salt  loses  from  5  to  7  per  cent,  of  water, 
and  on  subsequent  heating  to  redness  it  at  first  chars,  finally  leaving  a  yellow  residue, 
which  is  soluble  in  hydrochloric  and  nitric  acids  and  is  blackened  by  ammonium  sul- 
phide T.S. 

Tests  for  Identity. — See  Bismuth  and  Gallates  in  Part  V. 

Impurities. — Free  gallic  acid,  excess  of  nitrates,  chlorides,  lead, 
copper,  sulphate,  silver,  and  arsenic.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — This  new  official  is  prepared  by  treating  an  acetic  acid 
solution  of  bismuth  nitrate  with  gallic  acid. 

It  is  popularly  known  as  dermatol,  and  is  used  as  an  astringent, 
both  externally  and  internally. 

Dose. — 250  milligrammes  (4  grains). 

BISMUTHI   SUBSALICYLAS.     Bismuth  Subsalicylate. 

Bismuth  Subsalicylate  should  yield  not  less  than  62  nor  more  than  64  per  cent, 
of  pure  bismuth  oxide. 

A  white  or  nearly  white,  amorphous  or  crystalline  powder,  odorless,  tasteless, 
and  permanent  in  the  air. 

Almost  insoluble  in  cold  water;  upon  prolonged  boiling  with  water  a  portion 
of  the  salicylic  acid  passes  into  solution,  with  the  formation  of  a  more  basic  bismuth 
salicylate.  It  is  partly  soluble  with  decomposition  in  hydrochloric  and  nitric  acids, 
a  white,  flocculent  precipitate  of  salicylic  acid  separating. 

When  heated  to  120°  C.  (248°  F.)  Bismuth  Subsalicylate  should  not  lose  more 
than  1  per  cent,  of  water,  and  on  subsequently  heating  to  redness  it  at  first  chars, 
finally  leaving  a  yellow  residue,  which  is  soluble  in  hydrochloric  or  nitric  acid  and  is 
blackened  by  ammonium  sulphide  T.S. 

Tests  for  Identity. — See  Bismuth  and  Salicylates  in  Part  V. 

Impurities. — Free  salicylic  acid,  excess  of  nitrates,  chlorides,  lead, 
copper,  sulphate,  silver,  and  arsenic.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Bismuth  subsalicylate  is  made  by  triturating  and 
warming  an  aqueous  solution  of  salicylic  acid  with  anhydrous  bismuth 
oxide,  obtained  by  boiling  bismuth  hydroxide  which  has  been  prepared 
by  precipitating  a  nitric  acid  solution  of  bismuth  subnitrate  with 
potassium  hydroxide  or  ammonium  hydroxide.  It  is  used  as  an  intes- 
tinal antiseptic. 

Dose. — 250  milligrammes  (4  grains). 


CHAPTER  XXXIV 
LEAD,  MERCURY,  AND  SILVER 

LEAD 
Symbol,  Pb.     Atomic  weight,  205.35 

Lead  occurs  in  the  form  of  sulphide  in  the  ore  galena.  By  way  of 
passing  it  is  worth  noting  that  some  galena  ore  contains  considerable 
silver.  (See  p.  621.)  Among  the  other  ores  of  lead  are  various  forms 
of  the  carbonate  and  the  sulphate. 
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Metallic  lead  was  used  in  classic  times,  the  Latin  name  plumbum 
being  the  same  applied  to  it  by  classic  writers,  its  original  meaning 
being  "heavy." 

Lead  is  prepared  from  the  sulphide  by  roasting  in  a  reverberatory 
furnace,  thus  converting  the  sulphide,  under  the  influence  of  atmo- 
spheric oxygen,  into  lead  oxide  and  lead  sulphate,  shown  in  the  follow- 
ing equations: 

PbS    +    03    =    PbO      +    SO3. 
PbS     +     O,     =     PbSO,. 

The  resulting  lead  oxide  combines  with  a  new  portion  of  lead 
sulphide  with  the  formation  of  the  metal  and  the  separation  of  SO2, 
by  the  following  equation: 

2PbO     +     PbS     =    Pbj     +     SO2, 

while  the  lead  sulphate  reacts  with  more  lead  sulphide  in  the  manner 
shown  in  the  following  equation: 

PbSO,     +    PbS     =    Pb,     +    2SO2. 

Lead  is  a  heavy,  bluish  metal,  freely  malleable,  and  somewhat 
ductile.  Its  pliability  has  given  rise  to  its  extended  use  in  plumbing, 
the  name  of  the  craft  being  derived  from  the  word  plumbum,  lead, 
since  leaden  pipes  are  largely  used  for  the  transport  of  water.  It 
should  be  said  that  lead  water-pipes  are  scarcely  harmless,  traces  of 
lead  hydroxide  dissolving,  and  water  so  contaminated  produces  a  dan- 
gerous ailment  called  lead  colic.  With  hard  water,  i.  e.,  water  con- 
taining lime  and  magnesia  dissolved  by  aid  of  carbon  dioxide,  there 
is  less  danger,  as  carbonic  acid  acts  on  fresh  lead,  forming  lead  car- 
bonate, which  coats  the  interior  of  the  pipe  and  prevents  any  of  the 
lead  dissolving  in  the  water.  Lead  is  used  in  the  manufacture  of 
solder,  which  is  a  variety  of  the  fusible  metal  made  by  combining 
equal  quantities  of  tin  and  lead.  This  mixture  melts  at  186°  C,  and 
is  used  for  fastening  pieces  of  tin  or  other  metal  together. 

The  tests  for  lead  are  as  follows:  Hydrochloric  acid  produces  a 
white  precipitate  of  lead  chloride,  being  one  of  the  three  chlorides 
thus  precipitated,  the  other  two  metals  precipitated  in  the  form  of 
chloride  being  silver  and  mercurous  compounds.  Lead  gives  with 
hydrogen  sulphide  and  ammonium  sulphide  a  black  sulphide;  with 
sulphuric  acid  it  precipitates  white  lead  sulphate,  and  with  carbon- 
ates, white  lead  carbonate  is  precipitated  out  of  the  solution.  Quite 
characteristic  is  the  yellow  precipitate  of  lead  chromate  produced 
when  a  solution  of  lead  salt  is  treated  with  a  solution  of  potassium 
chromate. 

Five  oxides  of  lead  are  known,  PbjO,  a  black  velvety  powder, 

-      —  Pb 

expressed  by  the  graphic  formula,    |    ^O.     PbO,  or  litharge,  U.  S.  P.; 

Pb/ 
PbjOa,  which  may  be  considered  as  a  mixture  of  PbO  and  PbOj,  the 
composition  of  which  can  best  be  explained  by  the  following  graphic 

formula,  rDzo>Pb,  that  is,   a  combination  of  lead  with  valence  IV, 
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with  lead  with  valence  ii;  PbOj,  which  is  called  puce-colored  lead 
oxide,  in  which  lead  shows  valence  iv;  Pb304,  or  red  lead,  which  can 
be  considered  as  a  combination  of  PbjOg  and  PbO,  or  else  as  a  lead 
plumbate,  Pb2Pb04;  that  is,  the  lead  salt  of  orthoplumbic  acid, 
Pb(0H)4  or  H^PbO^.  Red  lead  is  made  by  sprinkling  hot  litharge 
with  water  and  carefully  drying.  It  is  of  value  as  a  pigment. 
The  ofl&cial  preparations  of  lead  are: 

Lead  acetate.     At  least  99.5  per  cent,  absolute  Pb(C2H302)2  +  3H20. 

Solution  of  lead  subacetate.    At  least  25  per  cent,  absolute  PbjO (0211302)2. 

Cerate  of  lead  subacetate  contains  20  per  cent,  solution  of  lead  subacetate. 

Diluted  solution  of  lead  subacetate  contains  about  1  per  cent,  lead  subacetate. 

Lead  iodide.     At  least  99  per  cent,  absolute  Pblj. 

Lead  nitrate.     At  least  99.5  per  cent,  absolute  Pb(N03)2. 

Lead  oxide.     At  least  96  per  cent,  absolute  PbO. 

Lead  plaster.     A  lead  oleopalmitate. 

Diachylon  ointment  contains  50  per  cent,  lead  plaster. 

PLUMBI   OXIDUM.     Lead  Oxide. 

PbO  =  22L23 

It  should  contain  not  less  than  96  per  cent,  of  pure  Lead  Oxide  and  should  be 
kept  in  well-closed  vessels. 

A  heavy,  yellowish  or  reddish-yellow  powder,  or  minute  scales,  without  odor 
or  taste.     On  exposure  to  the  air  it  slowly  absorbs  moisture  and  carbon  dioxide.  - — ■ 

Almost  insoluble  in  water,  to  which  it,  however,  imparts  a  faintly  alkaline  reac- 
tion; insoluble  in  alcohol,  but  soluble  in  acetic  or  diluted  nitric  acid  and  in  warm 
solutions  of  the  fixed  alkali  hydroxides. 

When  heated  the  Oxide  assumes  a  brownish-red  color,  becoming  yellow  again  on 
cooling;  it  fuses  at  a  red  heat.  When  heated  in  contact  with  charcoal  it  is  reduced 
to  metallic  lead. 

Lead  Oxide  should  be  soluble  in  diluted  nitric  acid,  with  but  little  effervescence 
(limit  of  carbonate)  and  without  the  development  of  the  odor  of  nitrous  acid  (ab- 
sence of  lead),  leaving  not  more  than  a  trifling  residue  (limit  of  silicates,  barium 
sulphate,  etc.). 

The  solution  in  diluted  nitric  acid,  which  should  be  colorless,  when  nearly  neu- 
tralized by  ammonia  water  yields  with  hydrogen  sulphide  T.S.  a  black  precipitate, 
with  potassium  iodide  T.S.  a  yellow  one,  and  with  diluted  sulphuric  acid  a  white 
precipitate,  the  latter  two  being  soluble  in  a  strong  solution  of  sodium  hydroxide. 

If  from  the  solution  in  diluted  nitric  acid  the  lead  be  precipitated  by  sulphuric 
acid,  the  filtrate,  after  the  addition  of  an  excess  of  ammonia  water,  should  not 
assume  more  than  a  slight  bluish  tint  (limit  of  copper),  nor  yield  more  than  traces 
of  a  reddish-brown  precipitate  (limit  of  iron). 

If  5  Gm.  of  the  Oxicle  contained  in  a  small  flask  be  shaken  with  5  Cc.  of  water, 
then  20  Cc.  of  acetic  acid  added,  and  the  mixture  boiled  for  a  few  minutes  and 
filtered,  the  insoluble  residue,  when  well  washed  and  dried,  should  not  weigh  more 
than  0.2  Gm.  (absence  of  more  than  4  per  cent,  of  insolvhle  impurities). 

If,  to  the  mixed  filtrate  and  washings  obtained  in  the  last  test,  hydrochloric 
acid  be  added  until  no  further  precipitate  be  produced,  the  remainder  of  the  lead 
removed  from  the  filtrate  by  hydrogen  sulphide,  and  the  liquid  filtered,  the  second 
filtrate,  upon  evaporation  to  dryness,  should  not  yield  a  residue  weighing  more  than 
0.050  Gm.  (limit  of  soluble  impurities). 

When  strongly  heated  in  a  porcelain  crucible,  the  Oxide  should  not  lose  more  than 
4  per  cent,  of  its  weight  (limit  of  carbonate  and  of  mmsture). 

Tests  for  Identity. — See  above. 

Impurities. — Carbonates;  metallic  lead;  excess  silicates,  barium 
sulphate,  copper,  iron,  soluble  impurities,  carbonate,  and  moisture; 
more  than  4  per  cent,  insoluble  impurities.     Details  above. 

Remarks. — This  oxide  of  lead  is  called  litharge,  a  word  used  since 
ancient  times,  and  derived  from  the  two  Greek  words,  lithos,  a  stone, 
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and  arguros,  silver.  It  is  so  called  because  the  ancients  discovered 
that  when  the  ore,  crude  litharge,  was  fused,  the  pure  litharge,  freed 
from  the  mineral  impurities,  fused  in  the  form  of  bright,  shiny,  silvery- 
scales. 

Manufacture. — The  chief  source  of  litharge  is  as  a  side-product  in 
obtaining  silver  from  galena.  The  ore  (lead  sulphide,  p.  597)  is 
calcined,  thus  driving  off  the  sulphur,  and  the  residue  brought  to  a 
state  of  fusion,  when  the  lead  oxide  separates  out  by  crystallization 
from  the  fused  mass  of  silver. 

Litharge  is  but  little  used  in  medicine,  although  important  as  a 
constituent  of  two  popular  pharmaceuticals,  solution  of  lead  sub- 
acetate  (U.  S.  P.  VIII)  and  lead  plaster,  as  made  by  process  of  U.  S.  P. 
1890. 

PLUMBI   ACETAS.     Lead  Acetate. 

PbCQHjOJj  4-  SH^O  =  376.15 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Lead  Acetate  [(CH3.COO)2Pb 
+  SHjO]  and  should  be  kept  in  well-stoppered  bottles. 

Colorless,  shining,  transparent,  monoclinic  prisms  or  plates,  or  heavy,  white, 
crystaUine  masses,  or  granular  crystals,  having  a  faintly  acetous  odor  and  a  sweetish, 
astringent,  afterward  metallic  taste.  Efflorescent  and  absorbing  carbon  dioxide 
on  exposure  to  the  air. 

Soluble  in  2  parts  of  water  and  in  30  parts  of  alcohol  at  25°  C.  (77°  F.);  in  0.5 
part  of  boiling  water  and  in  1  part  of  boiling  alcohol. 

When  heated  to  40°  C.  (104°  F.)  the  salt  loses  its  water  of  crystallization  (14.26 
per  cent.).  When  heated  rapidly  to  75°  C.  (167°  F.)  it  fuses  in  its  water  of  crystal- 
lization, and  at  a  higher  temperature  is  converted  into  a  pulverulent  basic  salt  which 
fuses  at  about  280°  C.  (536°  F.),  with  continued  loss  of  acetic  acid,  finally  decom- 
posing with  the  evolution  of  carbon  dioxide  and  acetone,  leaving  a  residue  of  finely 
divided  metallic  lead  mixed  with  oxide  and  carbonate. 


/ 


Tests  for  Identity. — See  Lead  and  Acetates  in  Part  V. 

Impurities. — Excess  of  carbonate  (solution  with  boiled  water 
should  be  clear  or  only  slightly  opalescent).  Iron,  copper,  zinc.  De- 
tails in  Part  V.  Salts  of  the  alkalis,  magnesium,  calcium,  etc.  (hydro- 
chloric acid  solution  on  evaporation  should  leave  no  residue). 

Remarks. — Lead  acetate  is  incorrectly  and  dangerously  called 
"sugar  of  lead."  Lead  being  bivalent,  it  can  rep^a:C6" "trwrr-hydrogen 
atoms  in  an  acid,  and  since  acetic  acid  has  but  one  replaceable  hydrogen 
atom  to  the  molecule,  two  molecules  of  acetic  acid  are  needed  to 
combine  with  one  atom  of  lead,  thus: 


Pb    -f- 


HC2H3O2 
HCoH.Oo 


Pb 


C2H3O2 

— C,H,Oo 


or  Pb(C2H302)2 


However,  the  acetate  is  usually  made  by  treating  the  oxide  litharge 
(not  the  metal)  with  acetic  acid. 

The  solution  is  concentrated,  and  the  lead  acetate  is  allowed  to 
crystallize.  It  is  important  to  note  that  the  average  commercial  lead 
acetate  should  not  be  dispensed  without  purification,  as  it  contains 
appreciable  quantities  of  both  lead  oxide  and  lead  carbonate.  The 
purification  of  this  commercial  lead  acetate  is  a  simple  matter,  how- 
ever, the  acetate  dissolving  in  water  and  recrystallizing,  while  the 
impurities  do  not  dissolve. 

Lead  acetate  is  used  as  an  astringent  and  sedative,  both  internally 
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and  externally.  An  overdose  acts  as  an  irritant  poison,  producing 
severe  gastric  disturbances.  The  antidote  for  lead-poisoning  or  in 
lead-colic  is  an  alkaline  sulphate,  the  one  generally  preferred  being 
magnesium  sulphate  or  Epsom  salt.  Externally,  it  is  used  either  in 
an  aqueous  solution  or  in  the  form  of  suppositories,  the  latter  being  a 
highly  esteemed  remedy  for  piles,  a  favorite  prescription  of  this  kind 
being  lead  acetate  with  extract  of  opium  and  oil  of  theobroma.  The  \ 
preparation  of  the  suppositories  of  lead  and  opium  requires  con-  1 
siderable  skill.  | 

The  extract  of  opium  should  be  rubbed  up  with  enough  water  to  \ 
make  it  into  a  paste  thin  enough  to  pour.  The  lead  acetate  should  \ 
be  reduced  to  the  form  of  an  impalpable  powder,  and  added  to  the 
molten  oil  of  theobroma,  with  constant  stirring,  the  mixture  is  then 
poured  into  molds,  after  adding  the  thinned  extract,  just  at  that  mo- 
ment when  the  oil  of  theobroma  is  ready  to  solidify.  Unless  these 
precautions  are  followed  (especially  the  stirring),  there  is  danger  of  the 
heavy  lead  acetate  settling  at  the  bottom  of  the  dish  in  which  the  oil 
of  theobroma  is  melted,  and  thus  the  last  suppository  poured  there- 
from will  contain  a  majority  of  the  lead  salt.  Lead  acetate  solution 
is  used  as  a  wash  for  some  skin  troubles,  such  as  ivy-poisoning  and 
chilblains,  but  for  this  purpose  a  solution  of  lead  subacetate  is  fre- 
quently preferred. 

Dose. — 65  milligrammes  (1  grain). 

LIQUOR   PLUMBI   SUBACETATIS.     Solution  of  Lead  Subacetate. 

An  aqueous  liquid,  which  should  contain  in  solution  not  less  than  25  per  cent, 
of  Lead  Subacetate  [approximately  Pb20(CH3.COO)2  =  543.74J. 

A  clear,  colorless  liquid,  odorless,  having  a  sweetish,  astringent  taste  and  an 
alkaline  reaction.  On  exposure  to  the  air  it  absorbs  carbon  dioxide,  which  causes 
the  formation  of  a  white  precipitate. 

Specific  gravity:  about  L235  at  25°  C.  (77°  F.). 

When  Solution  of  Lead  Subacetate  is  added  to  a  solution  of  acacia,  it  produces 
a  dense,  white  precipitate  (distinction  from  normal  lead  acetate). 

Recipe  and  details  of  manufacture  in  Part  VII. 

Tests  for  Identity. — Same  as  under  Lead  Acetate. 

Impurities. — Same  as  under  Lead  Acetate. 

Assay. — Details  in  Part  V. 

Remarks. — This  preparation — Goulard's  extract — contains  lead 
subacetate,  which,  like  all  "  sub-"  salts  (see  Ferric  Subsulphate,  p.  561), 
is  a  combination  of  a  salt  of  a  metal  with  the  oxide  of  the  same  metal. 
Remember  it  is  not  a  mere  mechanical  mixture,  but  a  combination 
like  that  existing  between  the  sulphates  of  aluminum  and  potassium 
in  official  alum. 

The  solution  is  made  by  boiling  together  water,  lead  acetate,  and 
lead  oxide;  full  details  of  manufacture  and  equation,  showing  chemical 
action,  being  given  on  p.  113L  The  pharmacopoeia  says  that  the 
solution  contains  approximately  Vh^OiQ^Jd^^,  which*'we'  find  cor- 
responds to  the  sum  resulting  from  the  addition  of  one  molecule  of 
lead  acetate  to  one  molecule  of  lead  oxide,  viz. : 

Pb     (CjH303)2     (Lead  acetate.) 

Pb  O (Lead  oxide.) 

PbjO(CjHj02),     (Lead  subacetate.) 


\ 


\ 


602  PRINCIPLES  OF  PHARMACY 

That  a  chemical  change  is  produced  is  shown  by  the  fact  that  the 
insoluble  lead  oxide  is  made  to  dissolve  with  the  formation  of  a 
soluble  oxyacetate. 

It  will  be  noted  that  the  lead  subacetate  solution  is  unstable, 
especially  unless  kept  tightly  corked,  the  carbon  dioxide  of  the  air 
acting  on  the  solution,  with  the  formation  of  lead  carbonate  which 
precipitates. 

Solution  of  lead  subacetate  is  used  almost  entirely  externally;  for 
this  purpose  being  employed  as  a  sedative  and  astringent  wash  in 
minor  skin  troubles,  such  as  bruises,  frost-bite,  and  the  like.  For 
many  purposes  of  this  kind  a  diluted  solution  is  preferable,  and  that 
is  provided  by  the  pharmacopoeia. 

LIQUOR  PLUMBI  SUBACETATIS  DILUTUS.     Diluted  Solution 
of  Lead  Subacetate. 

Lead-water'. — This  is  made  by  diluting  four  parts  of  the  strong 
solution  of  lead  subacetate,  given  above,  with  96  parts  of  water, 
which  has  been  previously  boiled  in  order  to  expel  the  carbon  dioxide 
it  might  contain.  (See  p.  385.)  This  solution  is  usually  dispensed 
in  a  slightly  opalescent  condition,  first  because,  on  standing,  it  will 
gradually  become  opalescent  anyway,  and,  secondly,  to  afford  a 
differentiation  between  the  so-called  ''lead-water"  and  "lime-water," 
the  latter  product  being  dispensed  in  a  crystal-clear  form. 

Lead-water  is  used  as  a  soothing  lotion,  and  is  frequently  dispensed 
in  combination  with  a  small  quantity  of  tincture  of  opium.  This 
mixture,  while  quite  popular,  is  incompatible,  for,  as  soon  as  the 
tincture  of  opium  is  added  to  the  lead-water,  there  is  formed  a  floccu- 
lent  precipitate  (lead  meconate).  The  prescription  is  a  usual  one, 
however,  and  pharmacists  always  dispense  the  same,  containing  the 
precipitate,  placing  a  "Shake  Well!"  label  on  the  bottle. 

CERATUM   PLUMBI   SUBACETATIS.     Cerate  of  Lead  Subacetate. 

This  is  made  by  incorporating  solution  of  lead  subacetate  with  an 
ointment  base  consisting  of  wool-fat,  paraffin,  white  petrolatum, 
and  camphor.  (See  p.  341.)  It,  like  the  solution  from  which  it  is 
made,  was  first  introduced  by  the  chemist  Goulard,  hence  it  is  called 
Goulard's  cerate.  That  formerly  official,  made  with  camphor  cerate, 
which  contained  lard,  soon  assumed  a  yellow  color,  and  in  a  very 
short  time  became  too  rancid  to  use.  The  present  official,  made  with 
wool-fat  and  petrolatum  fats,  does  not  decompose  so  easily. 

Goulard's  cerate  is  used  for  mild  skin  troubles,  and  is  particularly 
recommended  for  cases  of  chilblain. 

PLUMBI  CARBONAS  (U.  S.  P.  1890).     Lead  Carbonate. 

Lead  carbonate,  or  white  lead,  like  the  carbonates  of  zinc  and  of  magnesium, 
is  a  combination  of  the  carbonate  and  the  hydroxide;  the  formula  given  the  com- 
pound in  the  pharmacopoeia  of  1890  having  been  (PbC03)2Pb(OH)2. 

It  must  be  borne  in  mind  that  such  a  formula  as  the  one  just  given  does  not  rep- 
resent a  mechanical  mixture  of  lead  carbonate  and  lead  hydroxide,  but  a  combination 
far  more  intimate,  which  may  be  best  explained  by  the  following  graphic  formula: 

HO-Pb^>CO. 
HO— Pb— >^^' 
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Lead  carbonate  can  be  made  in  small  quantities  at  the  prescription  counter  by 
combination  of  molecular  quantities  of  lead  nitrate  and  sodium  caroonate,  but  that 
used  for  paint  is  produced  by  other  means.  The  oldest  method  and  one  still  largely 
used,  because  of  the  superiority  of  the  product,  as  a  paint,  is  that  made  by  the  so- 
called  Dutch  process.  By  this  process  sheets  of  lead  are  coiled  in  earthenware  pots, 
moistened  with  acetic  acid.  A  long  series  of  these  pots,  carefully  covered  to  prevent 
the  admission  of  dirt,  and  yet  loose  enough  to  permit  the  admission  of  gases,  are 
then  placed  in  rows,  are  covered  with  decaying  manure  or  other  animal  matter,  and 
allowed  to  stand  so  covered  for  five  to  six  weeks.  The  decaying  animal  matter 
produces  a  large  quantity  of  carbon  dioxide,  which  is  gradually  absorbed  by  the  lead 
acetate  first  produced  in  the  pots  by  the  action  of  acetic  acid  on  the  sheet  lead. 
Experience  tells  how  long  the  maceration  should  continue,  and  when  a  sufficient 
length  of  time  has  elapsed,  the  covering  of  manure  is  removed,  and  the  contents  of 
the  pots  are  found  to  consist  of  powdered  white  lead.  Besides  this  Dutch  process, 
large  quantities  of  white  lead  are  now  made  for  paints  by  passing  carbon  dioxide 
through  a  solution  of  lead  subacetate. 

Lead  carbonate  is  indicated  in  some  cases  of  skin  trouble  and  is  then  usually 
applied  in  the  form  of  ointment  (unguentum  plumbi  carbonatis,  U.  S.  P.  1890). 
Tliis  consists  of  10  Gm.  of  lead  carbonate  in  a  very  finely  powdered  form,  rubbed  up 
with  90  Gm.  of  benzoinated  lard. 

A  considerable  amount  of  white  lead  was  formerly  used  as  a  cosmetic  (face 
powder).  Its  use  for  this  purpose  is  dangerous,  because  of  the  absorption  of  the  lead 
through  the  pores  of  the  skin,  which  causes  lead  colic. 

Rubbed  to  a  fine  paste  with  linseed  oil,  white  lead  constitutes  one  of  the  most 
popular  white  paints,  although  such  paints  should  not  be  used  in  lavatories  or  other 
apartments  where  there  is  a  possibility  of  the  liberation  of  hydrogen  sulphide  gas, 
which  will  change  the  white  lead  carbonate  into  the  black  lead  sulphide. 

PLUMBI   lODIDUM.     Lead  Iodide. 

Pbl,  =  457.15 

It  should  contain  not  less  than  99  per  cent,  of  pure  Lead  Iodide  and  should  be 
kept  in  well-stoppered  bottles,  protected  from  light. 

A  heavy,  bright  yellow  powder,  without  odor  or  taste;  permanent  in  the  air. 

Soluble  in  about  1300  parts  of  water  at  25°  C.  (77°  F.)  and  in  about  200  parts 
of  boiling  water,  separating  from  the  latter  solution  on  cooling  in  brilliant  golden- 
yellow  crystalline  laminae;  very  slightly  soluble  in  alcohol,  but  soluble,  without  color, 
in  solutions  of  the  fixed  alkalies,  m  concentrated  solutions  of  the  alkali  acetates, 
of  potassium  iodide,  and  of  sodium  thiosulphate,  and  in  a  hot  solution  of  ammonium 
chloride. 

When  moderately  heated  the  salt  fuses  to  a  thick,  reddish-brown  liquid,  which 
congeals,  on  cooling,  to  a  yellow,  crystalline  mass.  At  a  higher  temperature  it  is 
decomposed,  with  the  evolution  of  violet  vapors  of  iodine,  leaving  a  lemon-yellow 
residue  of  lead  oxyiodide. 

If  1  Gm.  of  the  salt  be  triturated  with  2  Gm.  of  ammonium  chloride  and  2  Cc. 
of  water,  a  nearly  white  mixture  will  result.  If  this  be  transferred  to  a  test-tube, 
and  heated  in  a  water-bath  for  a  few  mintues,  a  clear  and  almost  colorless  solution 
should  be  formed  (absence  of  chromate  and  other  insoluble  foreign  salts).  On  cooling 
this  solution  a  solid  mass  of  nearly  colorless,  fine,  silky  crystals  will  be  produced, 
and  on  adding  water  or  diluted  sulphuric  acid  to  this  mass,  yellow  Lead  Iodide  will 
separate. 

Tests  for  Identity. — See  above. 

Impurities. — Chromate  and  insoluble  foreign  salts,  see  above. 
Excess  of  nitrates,  acetates.  Details  in  Part  V.  Soluble  foreign 
salts  (aqueous  filtrate,  on  evaporation,  should  yield  no  residue). 

Remarks. — Lead  iodide,  Pblj,  shows  lead  with  valence  ii,  the 
linkage  being, 


f 


Pb 


—I 

—I. 
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This  chemical  is  made  by  treating  a  solution  of  lead  nitrate  with 
potassium  iodide,  as  shown  in  the  following  equation, 

Pb(N03)3     +     2KI     =     Pbl^     +    2KNO3, 

and  collecting  and  washing  the  precipitated  lead  iodide. 

Lead  iodide  is  rarely  used  internally.  When  it  is,  it  acts  as  an 
alterative,  and  is  given  in  doses  of  one  to  three  grains.  Its  chief 
value  is  for  external  use  in  tumors  and  indolent  swellings,  in  which 
case  it  is  usually  employed  in  the  form  of  the  unguentum  plumbi 
iodidum  (U.  S.  P.  1890),  which  is  made  by  rubbing  up  ten  parts  of 
very  finely  powdered  lead  iodide  with  80  parts  of  benzoinated  lard. 

PLUMBI   NITRAS.     Lead  Nitrate. 

PbCNOa)^  =  328.49 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Lead  Nitrate  [(N02.0)2Pb] 
and  should  be  kept  in  well-closed  vessels. 

Colorless,  transparent,  octahedral  crystals  when  obtained  by  the  spontaneous 
evaporation  of  cold  solutions,  or  white,  nearly  opaque  crystals  when  formed  by  the 
cooling  of  hot  solutions;  without  odor  and  having  a  sweetish,  astringent,  afterward 
metallic  taste;  permanent  in  the  air. 

Soluble  in  1.85  parts  of  water  at  25°  C.  (77°  F.)  and  in  0.75  part  of  boiling  water; 
almost  insoluble  in  alcohol. 

When  strongly  heated  the  salt  decrepitates,  emits  nitrous  vapors,  and  finally 
leaves  a  residue  of  lead  oxide. 

Tests  for  Identity. — See  Lead  and  Nitrates  in  Part  V. 

Impurities. — Copper,  iron,  zinc.  Details  in  Part  V.  Salts  of 
the  alkalis,  magnesium,  calcium,  etc.     See  Lead  Acetate. 

Remarks. — This  chemical  is  made  by  treating  lead  oxide  with 
nitric  acid,  as  shown  in  the  following  equation: 

PbO     +     2HNO3     =     PbCNO,)^     +     HjO. 

The  solution  of  lead  is  concentrated  by  the  evaporation  of  the  surplus 
water,  and  after  filtering  it  is  allowed  to  stand,  when  the  lead  nitrate 
separates  in  the  form  of  small  crystals. 

The  use  of  lead  nitrate  is  for  the  preparation  of  the  other  salts 
of  lead.  Medicinally,  it  is  used  externally  as  a  cooling  wash,  and 
enjoys  some  reputation  as  a  disinfectant. 

EMPLASTRUM   PLUMBL     Lead  Plaster. 

For  recipe,  see  Part  VII. 

Remarks. — The  recipe  for  the  manufacture  of  this  pharmaceutical 
was  changed  in  the  last  pharmacopoeial  revision;  that  of  the  pharma- 
copoeia of  1890  being  given  in  full  details  in  Part  VII.  (p.  1132),  where 
the  chemistry  of  manufacture  will  be  found.  The  process  of  the 
present  pharmacopoeia  will  also  be  found  in  Part  VIL,  so  here  it  need 
only  be  said  that  it  is  made  by  mixing  together  aqueous  solutions  of 
lead  acetate  and  of  Castile  soap.  This  method  of  manufacture  can 
be  explained  by  the  following  diagram: 

Sodium  oleopalmitate    +    lead  acetate    =    lead  oleopalmitate    +    sodium  acetate. 
(Soap)  (Lead  plaster) 
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No  attempt  is  here  made  to  express  the  reaction  by  means  of  symbolic 
formula,  since  the  complex  chemistry  of  soap  and  of  lead  plaster  can 
be  best  reserved  for  the  appropriate  chapters  in  organic  chemistry 
(p.  739). 

As  the  name  indicates,  the  product  is  used  as  a  plaster  base. 

UNGUENTUM   DIACHYLON.     Diachylon  Ointment. 

(See  p.  346.)  This  ointment  consists  of  melted  lead  plaster 
diluted  with  olive  oil  and  oil  of  lavender.  The  ointment  was  formerly 
in  considerable  repute  as  a  remedy  for  eczema. 

MERCURY 
Symbol,  Hg.     Atomic  weight,  198.5 

Mercury  occurs  chiefly  as  a  sulphide,  forming  the  valuable  mineral  \ 
cinnabar,  and  is  occasionally  found  in  the  native  state.  Cinnabar 
has  been  known  since  the  time  of  the  Grecian  philosophers,  and  the 
separation  of  the  metal  by  heating  of  cinnabar  was  described  by 
Dioscorides,  while  the  metal  was  called  hydrargyrum  (water  silver)  by 
Pliny.     It  was  first  used  in  medicine  by  Paracelsus. 

Metallurgy. — Mercury  is  obtained  by  roasting  cinnabar  in  an 
appropriate  retort,  when  mercury  and  sulphurous  oxide  are  formed, 
as  shown  in  the  following  equation: 

HgS     +     O2     =     Hg     +     SO,. 

(From  air.) 

The  vapors  of  sulphurous  oxide  are  permitted  to  escape,  while 
the  metallic  mercury  is  held  back  in  an  appropriate  condenser. 

Mercury  is  a  silvery  white,  mobile  liquid,  hence  called  quicksilver. 
It  has  a  specific  gravity  of  13.59,  and  is  the  heaviest  known  liquid. 
It  is,  moreover,  of  interest  as  being  the  only  metallic  substance  which 
is  liquid  at  ordinary  temperatures.  It  requires  of  cold  40°  below 
zero  (both  Fahrenheit  and  Centigrade)  to  solidify  it. 

Mercury  has  the  property  of  combining  with  almost  all  the  metals 
(but  iron),  forming  liquid  alloys,  which  we  call  amalgams;  some  of 
which  are  definite  chemical  compounds  (example,  KHg).  The  fact 
that  iron  does  not  combine  with  mercury,  permits  the  storage  of 
mercury  in  iron  containers.  Mercury  boils  at  360°  C,  but  vaporizes 
below  that  temperature,  and  the  vapor  is  poisonous.  Hence  trades 
demanding  the  use  of  a  large  amount  of  mercury,  such  as  in  making 
mirrors,  are  dangerous  to  the  health  of  the  workmen.  As  mentioned 
on  p.  363,  the  atomic  and  molecular  weight  of  mercury  is  the  same,  200. 

The  tests  for  mercury  are  as  follows:  The  black  sulphide  produced 
by  the  action  of  hydrogen  sulphide  or  ammonium  sulphide;  a  routine 
test,  which  is  of  very  little  value,  except  in  the  precipitation  of  mercury 
in  the  regular  scheme  of  analytic  chemistry.  (See  p.  984.)  In  this 
test  both  forms  of  mercury  (the  "ous"  and  "ic")  separate  in  the 
form  of  black  mercuric  sulphide.  There  are  quite  a  number  of 
characteristic  tests  4ifferentiating  the  "ous"  compounds  from  the 
"ic"  compounds.  fBke  'potassium  iodide  precipitates  from  the 
solution  of  mercurous  salts  the  yellow  mercurous  iodide;  while  the 
same  reagent  with  the  mercuric  salts  gives  a  red  mercuric  iodide. 
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Hydrochloric  acid  precipitates  from  solutions  of  mercurous  salts 
insoluble  white  mercurous  chloride;  while  with  "ic"  salts  no  precipi- 
tate is  formed  by  this  reagent.  Metallic  copper  or  stannous  chloride 
solution,  when  mixed  with  a  mercurous  compound,  reduces  it  to  a 
metallic  mercury,  which  separates  out  in  the  form  of  a  fine  gray 
precipitate.  Calcium  hydroxide  solution  (lime-water)  forms  with 
mercurous  compounds  a  black  precipitate  of  mercurous  oxide, — 
Hg20, — and  the  liquid  so  prepared  from  13  grains  calomel  and  3 
fluidounces  lime-water  is  called  black  wash  (aqua  phagedcenica  nigra, 
lotto  nigra,  N.  F.).  Mercuric  salts  with  lime-water  form  a  yellow 
precipitate  of  mercuric  oxide,  and  liquid  so  prepared  from  5  grains 
corrosive  sublimate  and  3  fluidounces  lime-water  is  called  yellow  wash 
(aqua  phagedcenica,  lotio  fiava,  N.  F.). 

Two  oxides  of  mercury  are  known — HgjO,  mercurous  oxide,  and 
HgO,  mercuric  oxide. 

Referring  to  the  table  of  elements  on  p.  367,  we  find  that  mercury 
is  both  univalent  and  bivalent,  and  we,  therefore,  have  two  lines  of 
mercury  salts — the  mercuric  and  mercurous. 

When  speaking  of  copper  on  p.  590,  attention  was  called  to  the 
fact  that  metal  exhibited  the  valence  i  and  ii,  and  that  such  varia- 
tion did  not  agree  with  the  rule,  laid  down  on  p.  365,  that  variation 
in  valence  should  be  by  twos.  Such  exception  we  found  in  the  ferric 
and  ferrous  salts,  the  apparent  valence  in  that  case  being  ii  and  iii, 
and  that  exception  was  explained  on  p.  548  by  the  theory  that  ferric 
iron  really  has  the  valence  iv,  making  iron,  ii  and  iv.  In  a  somewhat 
similar  way  we  explain  the  valence  of  copper  and  mercury.  In  the 
mercuric  form  the  valence  is  undoubtedly  ii,  and  mercuric  chloride 
can  be  expressed  as  shown  in  Formula  A,  given  below. 

In  the  mercurous  form  the  valence  is  also  supposed  to  be  ii,  and 
all  mercurous  compounds  are  supposed  to  be  made  up  of  two  atoms  of 
mercury  linked  as  in  Formula  B.  Thus  we  suppose  the  formula  of 
mercurous  chloride  (calomel)  is  as  in  Formula  C, 

FoEMULA  A.  Formula  B.  Formula  C. 

Hb-  He-ci 

Hgzgl  I  I 

Hg-  Hg-c'. 

and  the  pharmacopoeia  of  1890  gave  the  formula  of  calomel  as  HgjClj, 
not  HgCl,  and  likewise  with  all  other  mercurous  salts. 

The  theory  of  the  bivalency  of  mercury  in  mercurous  compounds 
is  not,  however,  unanimously  accepted,  some  chemists  considering 
mercury  in  the  "ous"  form  as  possessing  valence  i,  and  thus  giving 
the  mercurous  bo'dies  the  simpler  single  formula — for  example,  calo- 
mel, HgCl.  This  view  is  the  one  recognized  in  the  new  pharmacopoeia 
(U.  S.  P.  VIII.),  where  all  formulas  (see  Alum,  p.  535,  and  Ferric 
Chloride,  p.  548)  are  given  their  simplest  form. 

The  official  forms  of  mercury  and  its  compounds  are: 

Mercury.     At  least  99.9  per  cent,  absolute  Hg. 
Mass  of  mercury  contains  33  per  cent,  mercury. 
Mercurial  ointment  contains  50  per  cent,  mercury. 
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Blue  ointment  contains  33  per  cent,  mercury. 

Mercurial  plaster  contains  30  per  cent,  mercury. 

Mercury  with  chalk  contains  38  per  cent,  mercury. 

Ammoniated  mercuiy — HgNHjCl — contains  78  to  80  per  cent,  mercury. 

Ointment  of  ammoniated  mercury  contains  10  per  cent,  ammoniated  mercury. 

Corrosive  mercuric  chloride.     At  least  99.5  per  cent,  absolute  HgCl^. 

Mild  mercurous  chloride.     At  least  99.5  per  cent,  absolute  HgCl. 

Red  mercuric  iodide.     At  least  99.5  per  cent,  absolute  Hglj. 

Yellow  mercurous  iodide.     At  least  99.5  per  cent,  absolute  Hgl. 

Red  mercuric  oxide.     At  least  99.5  per  cent,  absolute  HgO. 

Ointment  of  red  mercuric  oxide  contains  10  per  cent,  red  mercuric  iodide. 

Yellow  mercuric  oxide.     At  least  99.5  per  cent,  absolute  HgO. 

Ointment  of  yellow  mercuric  oxide  contains  10  per  cent,  yellow  mercuric  oxide. 

Oleate  of  mercury  contains  25  per  cent,  yellow  mercuric  oxide. 

Solution  of  mercuric  nitrate  contains  60  per  cent,  mercuric  nitrate  [HgCNO.Oj]- 

Ointment  of  mercuric  nitrate  contains  7  per  cent,  mercury  combined  as  nitrate. 

HYDRARGYRUM.     Mercury. 

Hg  =  198.50 

It  should  contain  not  less  than  99.9  per  cent,  of  pure  metallic  Mercury,  and 
should  be  kept  in  strong,  well-stoppered  bottles. 

A  shining,  silver-white  metal,  without  odor  or  taste. 

It  is  liquid  at  ordinary  temperatures  and  easily  divisible  into  spherical  globules; 
but  when  cooled  to  — 39.38°  C.  ( — 38.88°  F.)  it  forms  a  ductile,  malleable  mass. 

Specific  gravity:  13.535  at  25°  C.  (77°  F.). 

Insoluble  in  the  ordinary  solvents,  also  in  concentrated  hydrochloric  acid,  and, 
at  ordinary  temperatures,  in  sulphuric  acid;  but  it  dissolves  in  the  latter  when  boiled 
with  it,  and  is  readily  and  completely  soluble  in  nitric  acid. 

At  ordinary  temperatures  it  volatilizes  very  slowly,  more  rapidly  as  the  tem- 
perature increases,  and  at  357.25°  C.  (675.05°  F.)  it  boils  and  is  completely  volatil- 
ized, yielding  a  colorless,  very  poisonous  vapor,  and  no  appreciable  residue. 

When  globules  of  Mercury  are  dropped  upon  white  paper,  they  should  roll  about 
freely,  retaming  their  globular  form,  and  leaving  no  streaks  or  traces. 

It  should  be  perfectly  dry  and  present  a  bright  surface  even  after  agitation  in 
contact  with  air. 

On  boiling  5  Gm.  of  Mercury  with  5  Cc.  of  water  and  4.5  Gm.  of  sodium  thio- 
sulphate,  in  a  test-tube,  for  about  one  minute,  the  Mercury  should  not  lose  its  lustre, 
and  should  not  acquire  more  than  a  slightly  yellowish  shade  (absence  of  more  than 
slight  traces  of  foreign  metals). 

Tests  for  Identity. — See  above. 

Impurities. — Excess  of  foreign  metals.     See  above. 

Remarks. — Metallic  mercury  is  one  of  the  three  metals  recognized 
by  the  pharmacopoeia  as  a  metal,  the  other  two  being  zinc  and  iron. 

It  will  be  noticed  from  the  pharmacopoeial  description  of  the  metal 
that  one  of  the  tests  is  that  a  globule  of  mercury  rolled  on  paper 
should  not  leave  a  black  mark.  If  it  does  leave  a  mark,  it  means 
that  the  mercury  is  contaminated  with  dirt,  and  this  can  be  removed 
by  straining  through  chamois.  If  there  is  only  a  small  quantity  of 
mercury  to  be  so  cleaned,  it  can  be  done  by  placing  a  plain  filter  in  a 
funnel,  and  piercing  the  point  of  the  filter  with  a  pinhole,  just  large 
enough  to  permit  the  passage  of  the  mercury  in  a  very  fine  stream. 

The  globules  of  mercury  rolling  down  over  the  paper  toward  the 
pinhole  will  leave  most  of  the  dirt  against  the  paper. 

It  must  be  borne  in  mind,  however,  that  this  process  will  remove 
only  such  impurities  as  are  insoluble,  and  for  a  complete  purification 
of  the  metal  its  distillation  is  advisable.     To  perform  this  is,  however. 
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a  matter  of  difficulty,  except  on  a  large  scale,  and  recourse  is  had  to 
purification  by  treatment  of  diluted  nitric  acid,  washing  with  water, 
drying,  and  expressing  through  chamois. 

Mercury  is  always  given  medicinally  in  finely  divided  form,  and 
of  such  preparations  the  following  are  official:   ^ 

MASSA   HYDRARGYRI.     Mass  of  Mercury. 

If  a  portion  of  the  Mass  be  triturated  in  a  mortar,  with  warm  acetic  acid,  the 
filtrate  should  not  become  more  than  slightly  opalescent  on  the  addition  of  a  few 
drops  of  hydrochloric  acid  (limit  of  mercurous  oxide). 

If  another  portion  of  the  Mass  be  digested  with  warm,  diluted  hydrochloric  acid 
and  a  little  purified  animal  charcoal,  the  filtrate  should  not  be  affected  by  hydrogen 
sulphide  T.S.  or  by  stannous  chloride  T.S.  (absence  of  mercuric  oxide). 

Recipe  and  details  of  manufacture  see  Part  VII. 

Impurities. — Excess  of  mercurous  oxide;  mercuric  oxide,  see  above. 

Remarks. — Mass  of  mercury  is  mercury  extinguished  (as  already 
explained  on  p.  311)  by  honey  of  rose  and  glycerin,  the  excipient 
(a  hardener  in  this  case)  being  glycyrrhiza  and  althaea.  For  details 
of  manufacture  see  p.  1102.     Mass  of  mercury  is  used  as  a  cholagogue. 

Dose. — 250  milligrammes  (4  grains). 

HYDRARGYRUM   CUM   GRETA.     Mercury  with  Chalk. 

Recipe. — Mercury,  thirty-eight  grammes 38  Gm. 

Clarified  Honey,  ten  grammes 10  Gm. 

Prepared  Chalk,  fifty-seven  grammes 57  Gm. 

Water,  a  sufficient  quantity, 

To  make  one  hundred  grammes. .  100  Gm. 

Weigh  the  Mercury  and  Clarified  Honey  successively  into  a  strong  bottle  of  the 
capacity  of  one  hundred  cubic  centimeters,  and  add  two  cubic  centimeters  of  Water. 
Cork  the  bottle,  and  shake  it  for  about  half  an  hour  at  a  time,  until  the  aggregate 
time  of  shaking  reaches  ten  hours,  or  until  the  globules  of  Mercury  are  no  longer 
visible  under  a  lens  magnifying  four  diameters.  The  shaking  may  be  more  conve- 
niently performed  by  mechanical  means.  Rub  the  Prepared  Chalk  with  Water,  in  a 
mortar,  to  a  thick,  creamy  paste,  and,  having  added  the  contents  of  the  bottle, 
washing  the  last  portions  m  with  a  little  Water,  triturate  the  whole  to  a  uniform 
mixture.  Finally,  dry  the  mixture,  first  between  ample  layers  of  bibulous  paper, 
and  afterward  in  a  dish  at  the  ordinary  temperature,  until  it  weighs  one  hundred 
grammes.  Then  reduce  it  to  a  uniform  powder,  without  trituration,  and  keep  it  in 
well-stoppered  bottles,  protected  from  light. 

A  light  gray,  rather  damp  powder,  free  from  grittiness,  without  odor,  and  having 
a  slightly  sweetish  taste. 

Impurities. — Mercurous  and  mercuric  oxides.  See  Mass  of 
Mercury. 

RemarJcs. — Mercury  with  chalk  is  a  finely  divided  form  of  mercury, 
containing  38  per  cent,  of  metal  extinguished  by  clarified  honey, 
moist  chalk  being  then  added.  Like  all  mercurial  preparations  made 
of  the  free  metal,  the  extinguishing  is  the  most  tiresome,  and  in  this 
special  case  can  only  be  performed  satisfactorily  by  machinery.  In 
the  finished  product  the  mercury  globules  should  not  be  seen  with 
a  glass  magnifying  four  diameters. 

This  body  is  used  as  a  cholagogue. 

Dose. — 250  milligrammes  (4  grains). 
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UNGUENTUM  HYDRARGYRI.     Mercurial  Ointment. 
Recipe. — See  p.  346. 

Assay  of  Mercukial  Ointment 

Weigh  10  Gm.  of  Mercurial  Ointment  in  a  tared  dish,  melt  it,  then  remove  it 
from  the  fire,  and  add  50  Cc.  of  warm  petroleum  benzin.  Stir  the  mixture  well, 
allow  the  Mercury  to  settle  completely,  and  decant  the  petroleum  benzin.  Wash 
the  residue  with  successive  portions  of  10  Cc.  each  of  warm  petroleum  benzin  until 
it  is  entirely  free  from  fatty  matter,  carefully  retain  all  of  the  separated  Mercury  in 
the  dish,  and  allow  all  traces  of  the  benzin  to  evaporate.  Add  to  the  residue  10  Cc. 
of  diluted  hydrochloric  acid,  heat  it  gently,  and  stir  with  a  glass  rod  until  the  Mercury 
collects  in  a  globule.  Pour  off  the  acid,  warm  the  Mercury  with  a  little  distilled 
water,  dry  the  globule  on  bibulous  paper,  and  weigh.  The  Mercury  should  weigh 
not  less  than  4.9  Gm. 

Ointment  of  mercury  contains  50  per  cent,  of  mercury,  extinguished 
with  oleate  of  mercury  and  mixed  with  prepared  suet  and  benzoinated 
lard.  (See  p.  346.)  It  is  used  rather  extensively  in  skin  troubles, 
and  also  for  destroying  body  vermin.  For  this  latter  purpose  it  is 
usually  dispensed  in  diluted  form. 

UNGUENTUM   HYDRARGYRI   DILUTUM.     Blue  Ointment. 

This  is  mercurial  ointment  U.  S.  P.,  so  diluted  with  petrolatum 
as  to  yield  a  product  containing  33  per  cent,  mercury. 
The  blending  suggests  the  following  problem: 

How  much  mercurial  ointment  "  J  "  can  be  made  from  i  lb.  of  mercurial  ointment 
"i"? 

Answer. — This  is  solved  by  alligation  (p.  59),  viz.: 
i  diluted  to  J. 
Take  |  lb.  of  "it"  and  dilute  with  petrolatum  to  make  J  lb.  of  "J." 
Hence  J  lb.  of  "I"  makes  i  lb.  of  "§." 

Hence  i  lb.  of  "i"  will  make  |xi  =  i-^§  =  iXf  =  i. 

Hence  i  lb.  of  "i"  wiU  make  i  lb.  of  "J." 

If  preferred,  the  problem  may  be  worked  as  percentages,  viz.: 

50  per  cent,  diluted  to  33  §  per  cent. 

33J  lb.  of  50  per  cent,  will  make  50  lb.  of  33§  per  cent. 

0  5 
Hence  0.5  lb.  of  50  per  cent,  will  make  „^, :  X  50  lb.  of  33J  per  cent. 

r^    25         75         ,„ 
^'■33l=l00  =  ^^^- 

In  the  pharmacopoeia  of  1890  the  50  per  cent,  ointment  was  the 
only  one  official,  and  its  official  synonym  was  blue  ointment.  Most 
pharmacists  dispensed  over  the  counter  in  answer  to  calls  for  "blue 
ointment"  the  33  per  cent,  article,  and  under  the  pure  food  laws  of 
the  several  States  such  substitution  of  a  weaker  product  for  the 
official  was  a  misdemeanor. 

As  the  33  per  cent,  article  serves  the  domestic  purposes  as  well  as 
does  the  50  per  cent,  ointment,  the  revision  committee  introduced 
the  diluted  ointment  into  the  new  pharmacopceia,  giving  it  the 
English  official  name  of  blue  ointment. 

39 
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EMPLASTRUM  HYDRARGYRI.     Mercurial  Plaster. 

This  preparation,  containing  30  per  cent,  of  mercury  extinguished 
with  oleate  of  mercury,  and  then  diluted  with  lead  plaster.  (See 
p.  356.) 

Emplastrum  Anunoniaci  ciim  Hydrargyri  (U.  S.  P.  1890). — Plaster  of  am- 
moniac and  mercury,  which  was  formerly  official,  contains  18  per  cent,  of  mercury, 
and  is  made  by  extinguishing  the  metal  with  oleate  of  mercury,  and  combining  same 
with  an  acetic  acid  extract  of  ammoniac  and  lead  plaster. 

SALTS  OF  MERCURY 

It  will  be  recalled,  in  considering  iron  salts,  the  various  ferrous 
compounds  were  first  discussed,  and  these  followed  by  the  ferric  com- 
pounds. In  the  case  of  the  mercury  compounds,  however,  we  can 
obtain  a  better  view  of  the  subject  by  comparing  the  two  classes  of 
salts,  the  "ous"  and  the  "ic"  together;  hence  the  two  chlorides  will 
be  studied  together,  then  the  two  iodides,  and  so  on. 

HYDRARGYRUM   AMMONIATUM.     Ammoniated  Mercury. 

HgNHjCl  =  249.61 

It  should  contain  not  less  than  78  per  cent,  nor  more  than  80  per  cent,  of  metallic 
mercury. 

Recife. — Corrosive    Mercuric   Chloride,   in   powder,   one 

hundred  grammes 100  Gm. 

Ammonia  Water, 

Distilled  Water,  each,  a  sufficient  quantity. 

Dissolve  the  Corrosive  Mercuric  Chloride  in  two  thousand  cubic  centimeters  of  warm 
Distilled  Water,  filter  the  solution,  and  allow  it  to  cool.  Pour  the  filtered  liquid 
gradually,  and  with  constant  stirring,  into  one  hundred  and  fifty  cubic  centimeters  of 
Ammonia  Water,  taking  care  that  the  latter  shall  remain  in  slight  excess.  Collect 
the  precipitate  on  a  filter,  and,  when  the  liquid  has  drained  from  it  as  much  as  pos- 
sible, wash  it  with  a  mixture  of  four  hundred  cubic  centimeters  of  Distilled  Water  and 
twenty  cubic  centimeters  of  Ammonia  Water.  Finally,  dry  the  precipitate  between 
sheets  of  bibulous  paper,  in  a  dark  place,  at  a  temperature  not  exceeding  30°  C. 
(86°  F.),  and  keep  it  in  well-stoppered  bottles,  protected  from  light. 

White,  pulverulent  pieces,  or  a  white,  amorphous  powder,  without  odor,  and 
having  an  earthy,  afterward  styptic  and  metallic  taste;  permanent  in  the  air. 

Insoluble  in  water  or  in  alcohol.  By  prolonged  washing  with  water  it  is  grad- 
ually decomposed,  assuming  a  yellow  color,  and  becoming  converted  into  a  basic 
salt.  Readily  soluble  in  warm  hydrochloric,  nitric,  or  acetic  acid,  and  in  a  cold 
solution  of  ammonium  carbonate.  Also  completely  soluble  in  a  cold  solution  of 
sodium  thiosulphate,  with  the  evolution  of  ammonia;  when  this  solution  is  heated 
for  a  short  time,  red  mercuric  sulphide  is  separated,  which,  on  protracted  boiling, 
turns  black. 

At  a  temperature  below  a  red  heat  Ammoniated  Mercury  is  decomposed  with- 
out fusion,  and  at  a  red  heat  it  is  wholly  volatilized. 

The  salt  should  be  soluble  in  hydrochloric  acid  without  effervescence  (absence 
of  carbonate)  and  without  leaving  a  residue  (absence  of  mercurou^  salt). 

Tests  for  Identity. — See  Mercury,  Ammonium,  and  Chlorides  in 
Part  V. 

Impurities. — Carbonate,  mercurous  salts.  See  above.  Foreign 
salts.  See  Mild  Mercurous  Chloride.  Metals  and  arsenic.  See 
Corrosive  Mercuric  Chloride. 

Remarks. — This  compound,  commonly  called  white  precipitate,  is 
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made  by  the  precipitation  of  the  solution  of  mercuric  chloride  with 
ammonia  water,  the  equation  being  as  follows: 

HgCla     +     2NH4OH     =     NHjHgCl     +     2H,0     +     NH.Cl. 

Ammoniated  mercury  is  an  interesting  illustration  of  how  a  com- 
plex formula  can  be  altered.  If  we  add  hydrochloric  acid  (HCl) 
to  ammonia  water  (NH4OH),  we  get  ammonium  chloride  (Formula  A), 
as  already  explained  on  p.  483. 

If,  however,  it  is  mercuric  chloride  (HgClz)  that  is  added  to 
ammonia  water  instead  of  hydrochloric  acid,  we  get  ammoniated 
mercury,  NHjHgCl,  in  which  two  of  the  hydrogen  atoms  of  the 
ammonium  chloride  are  replaced  by  one  atom  of  mercury,  with  the 
valence  ii,  as  shown  in  Formula  B. 

Formula  A.  Formula  B. 


m        N 


Great  care  must  be  taken  in  the  manufacture  strictly  to  follow 
the  pharmacopoeial  recipe.  Several  combinations  of  mercuric  chloride 
with  ammonia  are  known,  and  if  the  proportions  of  bichloride  and 
ammonia  water  vary,  some  of  these  other  than  HgNHjCl  may  be 
formed.  Again,  if  the  diluted  ammonia  water  is  poured  into  the 
bichloride  solution  instead  of  the  pharmacopoeial  direction  of  the 
reverse  procedure,  we  obtain  a  double  salt,  NHjHgClHgClj.  Even 
use  of  exactly  the  pharmacopcsial  amount  of  wash  liquid  is  impera- 
tive, as  a  large  excess  of  water  will  convert  the  precipitate  to  the 
yellow  NH2(HgOHg) CI. 

White  precipitate,  when  treated  with  alcoholic  solution  of  iodine, 
produces  an  explosion  due  to  liberation  of  ammonia  and  nitrogen: 

9NH,HgCl     +    6I2     =     3NH,C1     +     SHgCl,     +     2NH3     +     2N,     +     BHglj. 

Ammoniated  mercury  is  never  used  internally,  being  always 
applied  in  the  form  of  an  ointment.  Such  an  ointment,  containing 
10  per  cent,  of  ammoniated  mercury,  rubbed  up  with  50  Gm.  melted 
white  petrolatum  and  40  Gm.  hydrous  wool-fat,  is  official  under  the 
name  of  unguentum  hydrargyri  ammoniati.     (See  p.  346.) 

Sal  Alembroth,  Hg(NH<)2Cl42H20,  a  crystalline,  water-soluble  salt,  made  by  dis- 
solving mercuric  chloride  and  ammonium  chloride  in  boiling  water,  was  formerly 
used  in  medicine. 

Two  chlorides  of  mercury  are  recognized  by  the  pharmacopoeia — 
the  mercuric  chloride,  HgClj,  and  the  mercurous  chloride,  HgCl. 

HYDRARGYRI  CHLORIDUM  CORROSIVUM.     Corrosive  Mercuric 

Chloride. 

HgCl,  =  268.86 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Mercuric  Chloride  and  be 
kept  in  well-stoppered  bottles. 

Heavy,  colorless,  rhombic  crystals,  or  crystalline  masses,  odorless,  and  having 
an  acrid  and  persistent  metallic  taste;  permanent  in  the  air. 
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When  in  fine  powder,  it  is  soluble  in  13  parts  of  water,  3  parts  of  alcohol,  and  in 
about  14  parts  of  glycerin  at  25°  C.  (77°  F.);  soluble  in  2  parts  of  boiling  water  and 
in  1.2  parts  of  boiling  alcohol. 

If  1  Gm.  of  finely  powdered  Mercuric  Chloride  be  dissolved  in  10  Cc.  of  alcohol 
or  20  Cc.  of  water,  it  should  leave  not  more  than  0.005  Gm.  of  residue. 

It  fuses  at  265°  C.  (509°  F.)  to  a  colorless  liquid,  and  at  about  300°  C.  (572°  F.) 
it  volatilizes  in  dense,  white  vapors,  leaving  no  appreciable  residue. 

The  aqueous  solution  reddens  blue  litmus-paper,  but  becomes  neutral  to  litmus- 
paper  upon  the  addition  of  sodium  chloride. 

If  to  0.5  Gm.  of  Mercuric  Chloride,  dissolved  in  20  Cc.  of  water,  5  Cc.  of  hydro- 
chloric acid  be  added,  and  the  solution  be  completely  saturated  with  hydrogen  sul- 
phide, allowed  to  stand  for  several  hours  in  a  well-corked  flask  until  the  precipitate 
has  subsided,  and  then  filtered,  the  filtrate  should  be  colorless  and  leave  no  weighable 
residue  upon  evaporation  (absence  of  many  foreign  salts). 

If  the  precipitate  obtained  in  the  preceding  test,  after  washing  with  about  100 
Cc.  of  water  and  draining,  be  rinsed  into  a  beaker  with  about  20  Cc.  of  water,  and 
then  5  Cc.  of  stronger  ammonia  water  added,  and  if  after  covering  and  digesting  the 
mixture  for  about  15  minutes  on  a  bath  of  boiling  water,  it  be  rinsed  upon  a  filter 
and  washed  with  a  little  water,  the  filtrate  and  washings  after  evaporating  to  dryness, 
moistening  with  6  drops  of  nitric  acid,  and  again  drying,  should  not  respond  to  the 
Modified  Gutzeit's  Test  for  arsenic  (see  p.  973).  If  the  precipitated  sulphide  remain- 
ing upon  the  filter  be  treated  with  diluted  nitric  acid  (1  in  4),  warmed,  and  then 
filtered,  the  filtrate  should  leave  a  weighable  residue  upon  evaporation  and  gentle 
ignition  (limit  of  foreign  metals). 

Tests  for  Identity. — See  Mercury  Salts  and  Chlorides  in  Part  V. 

Impurities. — Foreign  salts,  arsenic,  foreign  metals,  see  above. 

This  is  the  violent  poison  called  corrosive  sublimate,  and  is  made 
by  heating  a  mixture  of  mercuric  sulphate  and  sodium  chloride  in  a 
retort.  As  a  result,  the  mercuric  chloride  forms  and  sublimes,  con- 
densing in  masses,  while  the  sodium  sulphate  remains  in  the  retort, 
as  is  shown  in  the  following  equation: 

HgSO,     +     2NaCl     =     HgCI^     +     Na^SO,. 

Mercuric  chloride,  or  bichloride  of  mercury,  as  it  is  frequently  called, 
occurs  in  the  form  of  colorless,  rhombic  crystals  or  in  crystalline 
masses.  It  is  used  internally  as  an  alterative,  and  is  frequently 
administered  in  combination  with  potassium  iodide,  when  mercuric 
iodide  results. 

Mercuric  chloride  is  one  of  the  most  valuable  antiseptics.  If 
it  is  applied  to  the  skin  in  concentrated  form,  it  is  escharotic  and 
caustic,  and  for  this  reason  great  care  should  be  taken  in  the  use  of 
the  alcoholic  solution  for  local  applications. 

Bichloride  of  mercury  is  a  virulent  corrosive  poison,  and  its  anti- 
dote is  albuminous  matter,  preferably  the  white  of  eggs,  with  which 
it  forms  a  comparatively  inert,  insoluble  albuminate  of  mercury. 
In  lieu  of  white  of  eggs,  milk  can  be  used  as  an  antidote.  All  these 
substances  should,  however,  be  followed  by  an  emetic. 

Dose. — 3  milligrammes  (^  grain). 

HYDRARGYRI   CHLORIDUM   MITE.     Mild  Mercurous  Chloride. 

HgCl  =  233.68 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Mercurous  Chloride  and  be 
kept  in  dark  amber-colored  bottles. 

A  white,  impalpable  powder,  becoming  yellowish-white  on  being  triturated  with 
strong  pressure,  and  showing  only  small,  isolated  crystals  when  viewed  under  a  lens 
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having  a  magnifying  power  of  one  hundred  diameters.  It  is  odorless  and  tasteless 
and  permanent  in  the  air. 

Insoluble  in  water,  alcohol,  or  ether,  and  also  in  cold  dilute  acids. 

When  strongly  heated,  Mercurous  Chloride  is  volatilized  without  fusion  or  the 
evolution  of  brown  vapors,  leaving  no  appreciable  residue. 

In  contact  with  calcium  hydroxide  T.fe.,  or  with  solutions  of  alkali  hydroxides, 
or  with  ammonia  water,  the  salt  is  blackened. 

When  heated  with  dried  sodium  carbonate  in  a  dry  glass  tube,  it  yields  a  sub- 
Umate  of  metallic  mercury. 

If  1  Gm.  of  the  salt  be  shaken  with  10  Cc.  of  water  or  alcohol,  and  the  mixture 
filtered,  neither  of  the  filtrates  should  respond  to  the  Time-Limit  Test  for  heavy 
metals  (see  p.  979),  nor  should  any  appreciable  residue  be  left  on  evaporation  (absence 
of  soluble  impurities). 

If  2  Gm.  of  the  salt  be  shaken  with  20  Cc.  of  ether,  filtered,  the  filtrate  evaporated, 
and  10  Cc.  of  distilled  water  added,  not  more  than  a  slight  opalescence  should  result 
upon  the  addition  of  silver  nitrate  T.S.  to  5  Cc.  of  the  filtrate,  and  no  change  in  color 
should  be  produced  upon  adding  a  few  drops  of  ammonium  sulphide  T.S.  to  the 
remainder  (absence  of  m,er curie  chloride). 

On  heating  a  portion  of  the  salt  in  a  test-tube  with  potassium  hydroxide  T.S., 
it  should  not  evolve  ammonia;  and  if  another  portion  be  shaken  with  acetic  acid 
and  filtered,  the  filtrate  should  not  be  affected  by  hydrogen  sulphide  T.S.  nor  by 
silver  nitrate  T.S.  (distinction  from,  and  absence  of,  ammoniated  mercury). 

Tests  for  Identity. — Given  above. 

Impurities. — Heavy  metals,  soluble  impurities,  mercuric  chloride, 
ammoniated  mercury.  Details  above.  Foreign  salts,  like  corrosive 
sublimate  test,  except  the  substance,  is  dissolved  in  nitric  acid. 
Arsenic  and  foreign  metals;  see  Corrosive  Sublimate. 

Remarks. — Two  origins  of  the  synonym  calomel  have  been  sug- 
gested. Both  agree  that  the  word  is  derived  from  the  Greek  word 
kalos,  meaning  good,  and  melas,  meaning  black.  Some  explain  these 
words  (black,  good)  by  saying  that  it  means  that  calomel  was  good  for 
black  bile,  while  others  claim  that  it  is  because  of  the  fact  that  calomel 
blackens  when  treated  with  ammonia. 

Calomel  is  made  by  a  process  similar  to  the  manufacture  of  corro- 
sive sublimate — i.  e.,  the  mercuric  sulphate  is  prepared  by  treatment 
of  mercury  with  sulphuric  acid,  and  to  the  mass  sodium  chloride  is 
added,  but  before  subliming  there  is  also  added  an  amount  of  mercury 
equal  to  the  quantity  originally  used  to  make  the  mercuric  sulphate. 
The  mixture  is  then  sublimed,  as  in  the  case  of  corrosive  sublimate, 
for,  be  it  remembered,  calomel  is  sublimable,  even  as  is  the  so-called 
"sublimate"  (HgClg).     The  equation  of  manufacture  is  as  follows: 

HgSO,     +     Hg     -H     2NaCl     =     2HgCl     -1-     Na^SO,. 

The  two  chlorides,  calomel  and  corrosive  sublimate,  afford  a  vivid 
picture  of  the  possible  immense  alteration  in  therapeutic  or  physical 
condition  that  a  slight  chemical  difference  may  produce. 

Between  the  insoluble,  comparatively  harmless  calomel,  and  the 
soluble  and  virulent  poison,  corrosive  sublimate,  the  only  chemical 
difference  is  that  the  former  contains  more  mercury  than  does  the 
latter.  The  quantity  of  mercury  in  each  is  best  shown  by  the  following 
estimation  of  percentage  composition  of  the  two  salts: 

Corrosive  Sublimate.  Calomel. 

Hg  =  1  X    200  =  200  Hg2  =  2  X    200  =  400 

CI3   =  2  X  35.5  =     71  CI3    =  2  X  35.5  =  J71 

Molecular  weight,  HgCI^,  271  Molecular  weight,  HgjClj,  471 
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From  this  it  will  be  seen  that  while  corrosive  sublimate  is  ff^,  or 
73.4  per  cent.,  mercury,  calomel  contains  Iff^,  or  84.9  per  cent.,  mercury. 

Since  calomel  and  corrosive  sublimate  are  both  sublimable  and 
are  prepared  by  similar  processes,  there  is  always  a  possibility  of  the 
calomel  containing  traces  of  corrosive  sublimate,  and  for  this  reason 
the  pharmacopceial  test  should  be  applied  to  all  samples  of  calomel. 
This  test  consists  in  shaking  the  sample  of  calomel  with  ether  (in 
which  it  is  insoluble,  but  which  will  dissolve  the  bichloride),  evapora- 
tion of  the  ethereal  solution,  taking  up  residue  with  water,  and  testing 
water  solution  for  bichloride  either  with  silver  nitrate  or  ammonium 
sulphide. 

A  simpler,  though  not  exact,  test  was  provided  in  U.  S.  P.  1890, 
namely,  that  calomel  is  totally  insoluble  in  water,  whereas,  if  there  is 
any  bichloride  present,  it  will  readily  dissolve  in  water.  Therefore 
on  mixing  calomel  with  water,  the  water,  on  being  filtered,  will  con- 
tain bichloride,  if  any  be  present  in  the  calomel,  and  can  be  detected  by 
treating  with  ammonia  and  hydrogen  sulphide. 

Mild  mercurous  chloride  is  a  valuable  hepatic  stimulant  and 
alterative.  In  former  days  very  large  doses  of  calomel  were  given, 
ten  grains  being  considered  an  average  dose.  It  has  been  discovered, 
however,  that  small  doses  frequently  repeated  act  far  better  than 
single  large  doses.  For  this  reason  at  present  this  chemical  is  usually 
administered  in  |-  to  ^-grain  doses  every  two  hours.  It  must  be 
remernbered  that  if  a  patient  who  has  taken  calomel  is  permitted  to 
consume  food  containing  free  acids,  such  as  lemonade,  etc.,  that  form 
of  mercurial  poisoning  called  salivation  ensues.  Hence  when  calomel 
is  administered,  the  patient  should  always  be  warned  to  avoid  the  use 
of  such  acids  until  the  chemical  has  completely  acted. 

A  favorite  method  of  administration  of  calomel  is  in  combination 
with  an  alkali,  preferably  sodium  bicarbonate.  Large  quantities  of 
this  combination  are  consumed  in  the  southern  States,  and  it  might 
be  stated  that  pills  containing  2^  grains  each  of  calomel  and  sodium 
bicarbonate  have  enjoyed  considerable  vogue  under  the  name  of 
Dr.  Stone's  Little  Giant  Pills.  Two  of  these  were  considered  a  dose. 
It  has  been  claimed  that  an  alkali  acting  on  the  calomel  has  the  effect 
of  converting  some  of  it  into  the  bichloride  of  mercury,  and  to  discover 
the  truth  regarding  this  matter  experiments  were  made  by  combining 
calomel  with  sugar,  with  milk-sugar,  with  magnesium  carbonate  and 
sodium  bicarbonate,  and  testing  the  mixture,  after  an  appropriate 
period,  for  bichloride  of  mercury.  It  was  found  that  in  none  of  these 
mixtures  was  bichloride  found  after  standing  twenty-four  hours. 
No  bichloride  was  found  in  the  mixtures  of  calomel  with  magnesia, 
magnesium  carbonate,  or  sugar  after  standing  three  months.  Traces 
of  bichloride  were  found  in  the  mixtures  of  calomel  with  milk-sugar  or 
sodium  bicarbonate  after  three  months.  While  a  large  amount  was 
found  after  three  months  in  the  mixture  of  calomel,  sodium  bicar- 
bonate, and  sugar.  It  was  also  found  that  combining  calomel  with 
salt  tended  to  the  formation  of  bichloride  of  mercury. 

This  experiment  shows  the  advisability  of  using  freshly  prepared 
doses  of  calomel  and  soda,  and  warns  us  against  dispensing  tablets 
of  calomel  and  soda  bought  in  the  open  market.  On  the  other  hand, 
it  might  be  added  that  some  physicians  desire  and  expect  the  formation 


LEAD,    MERCURY,   AND   SILVER  615 

of  minute  traces  of  mercuric  chloride  or  oxide  when  calomel  and  soda 
are  prescribed,  and  that  there  is  an  idea  that  if  the  two  ingredients  be 
thoroughly  triturated,  such  a  change  will  take  place.  For  this  reason 
some  physicians  specify  in  their  prescriptions  thorough  trituration, 
so  that  the  expected  bichloride  may  be  formed. 

Dose. — Laxative,  125  milligrammes  (2  grains).  Alterative,  65 
milligrammes  (1  grain). 

Hydrargyri  Cyanidtim  (U.  S.  P.  1890). — Mercuric  cyanide,  HgCN.  This 
chemical  is  made  by  passing  hydrocyanic  acid  gas  into  a  Hquid  m  which  finely  divided 
mercuric  oxide  is  suspended.  The  hydrocyanic  acid  used  is  generally  produced  by 
treatment  of  potassium  ferrocyanide  with  sulphuric  acid. 

Mercuric  cyanide  occurs  in  colorless  prismatic  crystals,  turning  dark  on  exposure 
to  air,  and  is  used  as  an  alterative  in  syphilis,  administered  in  doses  of  from  4  to  8 
milligrammes. 

Two  iodides  of  mercury  are  recognized  by  the  pharmacopoeia — 
mercuric  iodide,  Hglj,  and  mercurous  iodide,  Hgl. 

HYDRARGYRI   lODIDUM  RUBRUM.     Red  Mercuric  Iodide. 

Hglj  =  450.30 
It  should  contain  not  less  than  99.5  per  cent,  of  pure  Mercuric  Iodide. 

Recipe. — Corrosive  Mercuric  Chloride,  forty  grammes 40  Gm. 

Potassium  Iodide,  fifty  grammes 50  Gm. 

Distilled  Water,  a  sufficient  quantity. 

Dissolve  the  Corrosive  Mercuric  Chloride  and  the  Potassium  Iodide,  each,  in 
eight  hundred  cubic  centimeters  of  Distilled  Water,  and  filter  the  solutions  separately. 
Pour  both  solutions,  simultaneously  and  in  a  thin  stream,  with  constant  and  very 
active  stirring,  into  two  thousand  cubic  centimeters  of  Distilled  Water.  When  the 
precipitate  has  subsided,  decant  the  supernatant  liquid,  collect  the  precipitate  on  a 
filter,  and  wash  it  with  cold  Distilled  Water,  until  the  washings  give  not  more  than 
a  slight  opalescence  with  silver  nitrate  test  solution.  Finally,  dry  it  in  a  dark  place, 
between  sheets  of  bibulous  paper,  at  a  temperature  not  exceeding  40°  C.  (104°  F.), 
and  keep  it  in  well-stoppered  bottles,  protected  from  light. 

A  scarlet-red,  amorphous  powder,  odorless  and  tasteless;  permanent  in  the  air. 

Almost  insoluble  in  water;  soluble  in  116  parts  of  alcohol,  85  parts  of  ether,  and 
1340  parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  15  parts  of  boiling  alcohol; 
also  soluble  in  solutions  of  the  soluble  iodides,  mercuric  cliloride,  sodium  thiosul- 
phate,  and  hot  solutions  of  the  alkali  chlorides. 

When  heated  to  about  150°  C.  (302°  F.)  the  salt  becomes  yellow,  but  again 
assumes  a  red  color  on  cooling;  at  253°  C.  (487.4°  F.)  it  fuses  to  a  dark  yellow  liquid, 
which,  on  cooling,  forms  a  yellow,  crystalline  mass,  and  at  liigher  temperatures  is 
finally  volatilized,  leaving  no  appreciaule  residue. 

On  heating  the  salt  with  potassium  hydroxide  T.  S.,  and  adding  a  little  sugar 
of  milk,  metallic  mercury  is  precipitated. 

A  saturated  solution  of  Mercuric  Iodide  in  hot  alcohol  should,  after  cooling, 
be  colorless;  and  when  diluted  with  an  equal  volume  of  water  the  solution  should 
not  redden  blue  litmus-paper  (absence  of  mercuric  chloride). 

Tests  for  Identity. — Given  above. 

Impurities. — Mercuric  chloride.  See  above.  Excess  of  soluble 
chlorides  or  iodides.     See  Part  V. 

Remarks. — This  substance  is  made  by  the  double  decomposition 
of  mercuric  chloride  and  potassium  iodide,  avoiding  excess  of  either 
reagent,  as  mercuric  iodide  is  soluble  in  solutions  of  either  chemical. 
This  reaction  takes  place  in  many  prescriptions,  as  the  combination 
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is  a  favorite  one  in  syphilis,  and,  as  in  all  such  prescriptions,  the 
iodide  is  largely  in  excess,  the  precipitate  formed  invariably  redis- 
solves.  A  redissolved  solution  of  the  red  iodide  in  potassium  iodide 
is  called  "Mayer's  reagent,"  the  proportions  being  13.55  Gm.  mercuric 
chloride,  49.8  Gm.  potassium  iodide,  and  water  to  make  1000  Cc. 
As  cited  on  p.  876,  this  is  an  alkaloidal  precipitant,  so  look  out  for 
prescriptions  calling  for  the  corrosive  sublimate,  potassium  iodide, 
and  some  tincture,  or  other  preparation  containing  alkaloids,  as  the 
Mayer's  reagent  formed  will  surely  precipitate  the  alkaloid. 

The  red  mercuric  iodide  is  used  as  an  alterative  in  the  case  of 
syphilis. 

As  mentioned  above,  the  physiologic  effects  of  red  mercuric  iodide 
are  obtained  by  prescribing  a  combination  of  potassium  iodide  with 
bichloride  of  mercury.  Red  mercuric  iodide  is  a  constituent  of  Dono- 
van's solution.     (See  p.  184.) 

Dose. — 3  milligrammes  (t^^  grain). 

HYDRARGYRI   lODIDUM   FLAVUM.     YeUow  Mercurous  Iodide. 

Hgl  =  324.40 
It  should  contain  not  less  than  99.5  per  cent,  of  pure  Mercurous  Iodide. 

Recipe. — Mercury,  fifty  grammes 50  Gm. 

Nitric  Acid, 

Potassiiun  Iodide, 

Distilled  Water,  each,  a  sufficient  quantity. 

Mix  twenty  cubic  centimeters,  each,  of  Nitric  Acid  and  Distilled  Water,  and,  when 
the  liquid  is  cold,  pour  it  upon  the  Mercury  contained  in  a  glass  beaker.  Set  the 
mixture  aside  in  a  dark  place,  and  keep  it  at  a  temperature  between  25°  and  30°  C. 
(77°  and  86°  F.),  with  occasional  agitation,  until  the  reaction  ceases  and  a  little 
mercury  still  remains  undissolved.  Separate  the  crystals  of  mercurous  nitrate, 
which  will  have  formed,  from  the  mother-liquor,  allow  them  to  drain  in  a  glass  funnel, 
and  dry  them  on  bibulous  paper,  in  a  dark  place.  When  the  salt  is  dry,  dissolve 
forty  grammes  of  it  in  six  hundred  and  fifty  cubic  centimeters  of  Distilled  Water,  to  which 
six  cubic  centimeters  of  Nitric  Acid  have  previously  been  added.  Having  prepared 
a  solution  of  sixteen  grammes  of  Potassium  Iodide  in  thirty-two  cubic  centimeters  of 
Distilled  Water,  slowly  pour  the  solution  of  Potassium  Iodide  into  the  solution  of 
Mercurous  Nitrate,  with  constant  stirring,  which  should  be  continued  for  fifteen 
minutes,  allow  the  precipitate  to  subside,  decant  the  supernatant  liquid,  and  wash 
the  precipitate  by  decantation  with  ten  successive  portions  of  five  hundred  cubic 
centimeters  each  of  Distilled  Water.  Finally,  transfer  the  precipitate  to  a  filter, 
and  dry  it  between  sheets  of  bibulous  paper,  in  a  dark  place,  at  a  temperature  not 
exceedmg  40°  C.  (104°  F.),  and  keep  it  in  dark  amber-colored  vials,  with  the  least 
possible  exposure  to  light. 

Instead  of  weighing  off  forty  grammes  of  the  Mercurous  Nitrate  as  above  directed, 
the  whole  of  the  crystallized  salt  may  be  taken  and  the  amount  of  Potassium  Iodide, 
etc.,  adjusted  to  the  proportions  given  above. 

A  bright  yellow,  amorphous  powder,  odorless  and  tasteless.  By  exposure  to 
light  it  becomes  darker,  in  proportion  as  it  undergoes  decomposition  into  metallic 
mercury  and  mercuric  iodide. 

Almost  insoluble  in  water  and  wholly  insoluble  in  alcohol  or  ether. 

When  slowly  and  moderately  heated,  it  assumes  at  first  an  orange  and  then  a  red 
color,  becoming  yellow  again  on  cooling.  When  quickly  and  strongly  heated,  it  is 
at  first  partially  decomposed  into  mercury  and  mercuric  iodide,  and  finally  is  volatil- 
ized, leaving  not  more  than  0.05  per  cent,  of  residue. 

When  Mercurous  Iodide  is  heated  with  sulphuric  acid  and  a  little  manganese 
dioxide,  vapor  of  iodine  is  evolved. 

In  contact  with  a  solution  of  potassium  iodide,  the  salt  is  decomposed  into  mer- 
curic iodide,  which  dissolves,  and  metallic  mercury,  which  remains  undissolved. 
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If  0.5  Gm.  of  the  salt  be  shaken  with  10  Cc.  of  alcohol  and  the  mixture  allowed 
to  stand  and  then  filtered,  a  portion  of  the  perfectly  clear  filtrate  should  be  scarcely 
affected  by  hydrogen  sulphide  T.S.,  nor  should  it  produce  more  than  a  very  faint, 
transient  opalescence  when  dropped  into  water;  and  if  5  Cc.  of  the  filtrate  be  evap- 
orated on  a  white  porcelain  surface,  not  more  than  a  very  faint  red  stain  should  re- 
main (absence  of  more  than  traces  of  mercuric  iodide). 

Tests  for  Identity. — Given  above. 

Impurities. — Mercuric  iodide.     See  above. 

Remarks. — This  chemical  was  called  the  green  iodide  of  mercury 
in  the  pharmacopoeia  of  1880.  Its  manufacture,  as  directed  by  the 
pharmacopoeia  (eighth  revision)  is  by  dissolving  mercury  in  a  suffi- 
cient quantity  of  nitric  acid  to  form  a  solution  of  mercurous  nitrate, 
the  equation  being  as  follows: 

6Hg     +     8HNO3     =     GHgNOs     +     4H3O     +     NjO,. 

The  resulting  solution  of  mercurous  nitrate  is  then  treated  with 
a  molecular  quantity  of  potassium  iodide,  when  potassium  nitrate 
and  mercurous  iodide  result,  the  latter  being  precipitated  in  the  form 
of  yellow,  crystalline  powder,  the  equation  being  as  follows: 

HgNOj     +     KI     =     Hgl     +     KNO3. 

This  product  is  not  the  same  as  the  green  iodide  of  the  pharma- 
copoeia of  1880,  which  was  made  by  the  direct  union  of  mercury  with 
iodine,  triturating  the  two  in  the  presence  of  alcohol.  The  equation 
of  this  reaction  was  supposed  to  be  as  follows: 

Hg    +    I    =    Hgl, 

but,  as  a  matter  of  fact,  it  partly  runs  as  follows: 

Hg    +     I,     =    Hgl„ 

with  the  formation  of  mercuric  iodide.  This  mercuric  iodide  was 
removed  by  the  process  of  the  pharmacopoeia  of  1880  by  washing  the 
mixture  with  alcohol. 

Mercurous  iodide,  like  mercuric  iodide,  is  used  as  an  alterative, 
but  is  a  much  milder  preparation,  as  is  shown  by  the  doses. 

Dose. — 10  milligrammes  (\  grain). 

While  the  two  iodides  are  mercurous  and  mercuric  respectively, 
both  oxides  of  mercury  are  "ic"  salts,  having  the  formula  HgO,  and 
giving  an  interesting  example  of  physical  difference  of  two  bodies  that 
are  chemically  identical.  Their  mutual  identity  is  proved  by  the 
fact  that  red  oxide,  when  finely  triturated,  turns  yellow,  while  the 
yellow,  on  heating,  is  converted  into  the  red. 

HYDRARGYRI  OXIDUM  FLAVUM.     YeUow  Mercuric  Oxide. 

HgO  =  214.38 

It  shovild  contain  not  less  than  99.5  per  cent,  of  pure  Yellow  Mercuric  Oxide. 

A  light  orange-yellow,  amorphous,  heavy,  impalpable  powder;  odorless  and 
having  a  somewhat  metallic  taste;  permanent  in  the  air,  but  turning  darker  on  ex- 
posure to  light. 

Almost  insoluble  in  water,  insoluble  in  alcohol,  but  readily  and  completely 
soluble  in  diluted  hydrochloric  or  nitric  acid,  forming  colorless  solutions. 
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When  moderately  heated,  Yellow  Mercuric  Oxide  assumes  a  red  color.  At  a  red 
heat  it  is  completely  decomposed  into  oxygen  and  metallic  mercury,  and  is  finally 
volatilized,  leaving  not  more  than  0.1  per  cent,  of  residue. 

When  moistened  with  hot  water,  Yellow  Mercuric  Oxide  should  not  turn  red 
litmus-paper  blue. 

If  0.5  Gm.  of  Yellow  Mercuric  Oxide  be  digested  on  a  water-bath,  for  fifteen 
minutes,  with  a  solution  of  1  Gm.  of  oxalic  acid  in  10  Cc.  of  water,  it  will  be  converted 
into  white  mercuric  oxalate  (distinction  from  red  mercuric  oxide). 

Recipe  and  details  of  manufacture  in  Part  VII. 

Tests  for  Identity. — Given  above. 

Impurities. — Red  mercuric  oxide.  See  above.  Excess  of  chlorides. 
See  Part  V.  Foreign  salts,  metals,  and  arsenic,  as  in  testing  corrosive 
sublimate. 

Remarks. — Yellow  mercuric  oxide  is  made  by  treating  bichloride 
of  mercury  with  the  requisite  amount  of  sodium  hydrate,  as  shown 
in  the  following  equation: 

HgCla     +     2NaOH     =     HgO     4-     H^O     +     2NaCl. 

As  a  result,  mercuric  oxide  is  precipitated,  leaving  in  solution  sodium 
chloride,  the  last  traces  of  which  are  removed  from  the  mercuric  oxide 
by  washing  with  water. 

Yellow  mercuric  oxide  is  used  chiefly  externally,  and  that  in  the 
form  of  a  10  per  cent,  ointment  (see  p.  347),  or  of  a  25  per  cent, 
solution  in  oleic  acid.     (See  Oleate  of  Mercury  on  p.  211.) 

HYDRARGYRI  OXIDUM  RUBRUM.     Red  Mercuric  Oxide. 

HgO  =  214.38 

It  should  contain  not  less  than  99.5  per  cent,  of  pure  Red  Mercuric  Oxide  and 
should  be  kept  in  well-stoppered  bottles,  protected  from  light. 

Heavy,  orange-red,  crystalline  scales,  or  a  crystalline  powder,  becoming  more 
yellow  the  finer  it  is  divided;  odorless  and  having  a  somewhat  metallic  taste;  per- 
manent in  the  air. 

Almost  insoluble  in  water,  insoluble  in  alcohol,  but  readily  and  completely  soluble 
in  diluted  hydrochloric  or  nitric  acid,  forming  colorless  solutions. 

When  heated  to  about  400°  C.  (752°  F.),  Red  Mercuric  Oxide  becomes  dark 
violet  or  almost  black,  but  assumes  its  original  color  on  cooling.  At  a  red  heat  it  is 
completely  decomposed  into  oxygen  and  metallic  mercury,  and  is  finally  volatilized, 
leaving  no  appreciable  residue. 

If  0.5  Gm.  be  digested  on  a  water-bath  with  a  solution  of  1  Gm.  of  oxalic  acid  in 
10  Cc.  of  water,  it  will  not  change  color  within  two  hours  (distinction  from  yellow 
mercuric  oxide). 

Tests  for  Identity. — See  above. 

Impurities. — Yellow  oxide.  See  above.  Nitrates  and  excess  of 
chlorides.  See  Part  V.  Foreign  salts,  metals,  and  arsenic,  as  in  test- 
ing corrosive  sublimate. 

Remarks. — Red  mercuric  oxide  is  called  'Wed  precipitate,"  but  is  no 
longer  prepared  by  precipitation,  the  name  being  a  souvenir  of  alchem- 
istic  days,  when  it  was  made  "upward  precipitation,"  being  formed 
in  mercury  kept  near  its  boiling-point  for  weeks  at  a  time. 

It  is  now  made  by  treating  mercury  with  nitric  acid  (equation  a) 
and  heating  the  resulting  mercuric  nitrate  to  redness  (equation  b) : 


(a)  3Hg 

+     8HNO3     =     3Hg(N03)2 

-f-     4H,0 

+     N.O^. 

(fc)  2Hg(N03), 

+     heat          =     2HgO 

+     2NjO, 

+     0,. 
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It  will  be  seen  from  the  above  equations  that  the  nitrate  is  dis- 
sociated into  mercuric  oxide,  N2O4,  and  oxygen,  and  experience  has 
shown  that  the  two  gases  are  capable  of  converting  into  mercuric  oxide 
an  amount  of  mercury  equal  to  the  amount  of  the  nitrate  used  origin- 
ally. It  will  be  noted  that  the  pharmacopoeia  gives  no  directions 
for  the  manufacture  of  this  compound  by  the  pharmacist,  although 
it  does  direct  the  preparation  of  the  yellow  mercuric  oxide.  The 
reason  for  the  omission  of  the  recipe  for  the  red  mercuric  oxide  is 
because  its  manufacture  is  scarcely  practical  on  a  small  scale,  it  being 
found  that  at  the  heat  necessary  to  convert  the  nitrate  into  the  oxide 
a  very  large  amount  of  mercury  is  lost  by  volatilization. 

Red  mercuric  oxide  is  used  almost  entirely  externally,  and  that 
chiefly  in  the  form  of  an  ointment  for  granulated  eyelids. 

The  pharmacopoeia  recognizes  a  10  per  cent,  ointment  in  which 
the  red  oxide  has  been  carefully  levigated  with  water,  and  then  rubbed 
with  a  hydrous  wool-fat  and  petrolatum.     (See  p.  347.) 

Hydrargyri  Subsulphas  Flavus  (U.  S.  P.  1890). — The  formerly  official  yellow 
mercuric  subsulphate  is  a  basic  salt.  As  already  explained  on  p.  561,  "sub"  salt  is  a 
combination  of  a  metallic  salt  with  its  oxide,  and  in  the  case  under  consideration  we 
find  the  relationship  clearly  shown  in  the  symbolic  formula,  HgS04(HgO)2.  It  is 
called  Turpeth  mineral,  on  account  of  its  resemblance  to  the  powdered  turpeth  root, ' 
the  root  of  Ipomoea  turpethum,  which  was  formerly  used  in  medicine. 

Turpeth  mineral  is  made  by  dissolving  mercury  in  a  mixture  of  sulphuric  acid 
and  nitric  acids,  whereby  the  soluble  mercuric  sulphate  is  formed,  as  shown  in  the 
following  equation: 

3Hg     +     3H3SO,     +     2HNO3     =     3HgS0,     +     4H,0     +     N^O^. 

This  solution  of  mercuric  sulphate  is  poured  into  a  large  quantity  of  water, 
whereby  the  original  white  mercuric  sulphate  is  converted  into  the  yellow  mercuric 
subsulphate,  as  shown  in  the  following  equation: 

BHgSO,     +     2H2O     =     HgSO,2HgO     +     2H3SO,. 

Turpeth  mineral  is  an  alterative,  possessing,  however,  such  irritating  qualities  as 
to  render  its  general  use  unsafe.  It  is  administered  in  doses  of  from  16  to  30  milli- 
grammes. 

Mercuric  nitrate,  Hg(N03)2,  is  not  recognized  by  the  pharmacopoeia 
as  a  chemical  itself,  but  two  preparations  containing  this  body  are 
given  official  recognition. 

LIQUOR    HYDRARGYRI    NITRATIS.     Solution  of  Mercuric  Nitrate. 

A  liquid  which  should  contain  about  60  per  cent,  of  Mercuric  Nitrate  [Hg- 
(N02.0)2  =  321.64J  and  about  11  per  cent,  of  free  nitric  acid. 

Recipe. — Red  Mercuric  Oxide,  forty  grammes 40  Gm. 

Nitric  Acid,  forty-five  grammes 45  Gm. 

Distilled  Water,  fifteen  grammes 15  Gm. 

To  make  one  hundred  grammes . .  100  Gm. 

Mix  the  Nitric  Acid  with  the  Distilled  Water  and  dissolve  the  Red  Mercuric 
Oxide  in  the  mixture.     Keep  the  product  in  glass-stoppered  bottles. 

A  clear,  nearly  colorless,  heavy  liquid,  having  a  faint  odor  of  nitric  acid  and 
a  strongly  acid  reaction. 

Specific  gravity:  about  2.086  at  25°  C.  (77°  F.). 

On  evaporating  a  few  drops  of  the  Solution  in  a  porcelain  dish,  a  white  residue 
is  left,  which,  on  being  heated,  becomes  successively  yellow,  red,  and  brown,  and  is 
finally  completely  volatilized. 

On  a  bright  surface  of  copper  the  Solution  deposits  a  coating  of  metallic  mercury. 
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Tests  for  Identity. — See  Mercury  and  Nitrates  in  Part  V. 

Impurities. — Mercurous  salt  (no  precipitation  nor  cloudiness  on 
adding  water  or  diluted  hydrochloric  acid). 

Remarks. — This  official  is  made  by  dissolving  40  Gm.  of  mercuric 
oxide  in  a  mixture  of  45  Gm.  of  nitric  acid  and  15  Gm.  of  distilled 
water.  It  is  one  of  the  heaviest  of  the  official  solutions,  being  over 
twice  as  heavy  as  water  (sp.  gr.,  2.086). 

Solution  of  mercuric  nitrate  is  used  entirely  locally  as  a  corrosive 
in  syphilitic  sores. 

UNGUENTUM  HYDRARGYRI   NITRATIS.     Mercuric  Nitrate 

Ointment. 

Recipe  and  details  of  manufacture  in  Part  VII. 

The  ointment  of  mercuric  nitrate  (called  citrine  ointment)  is  made 
by  dissolving  mercury  in  nitric  acid,  and,  at  the  same  time,  heating 
lard  to  105°  C,  adding  thereto  a  portion  of  the  nitric  acid.  When 
the  nitric  acid  is  added  to  the  heated  lard,  a  rather  violent  chemical 
action  takes  place,  with  the  conversion  of  the  oleate  of  glyceryl,  which 
is  the  chief  constituent  of  the  lard,  into  elaidin.     (See  p.  727.) 

Mercury  is  dissolved  in  the  rest  of  the  nitric  acid,  forming  mercuric 
nitrate,  and  it  might  be  said  in  passing  that  when  mercury  is  dis- 
solved in  nitric  acid  we  get  mercurous  or  mercuric  nitrate,  according 
to  the  relative  proportions  of  mercury  and  nitric  acid  employed: 

4-     3Hg(N03)2    (Mercuric  nitrate). 
+     GHgNOj     {Mercurous  nitrate). 

That  the  proportions  of  mercury  and  nitric  acid  used  in  the 
official  recipe  yield  mercuric  nitrate  is  shown  by  the  molecular  weight 
calculations  relating  to  citrine  ointment  found  in  Practical  Work 
(p.  1137). 

It  may  be  well  to  sum  up  here  the  effect  of  various  acids  on  metals. 
Hydrochloric  and  other  haloid  adds  and  diluted  sulphuric  acid  give,  with  metals, 
the  appropriate  salt,  vnth  the  evolution  of  hydrogen.     Example: 

Zn     +     H^SO,     =     ZnSO,     +     H^. 

Nitric  acid,  either  concentrated  or  diluted,  and  concentrated  sulphuric  acid, 
give  with  metals  the  appropriate  salt,  with  the  evolution  of  N^O.^  or  N^Oi,  in  the  case 
of  nitric  acid,  and  of  SO2  in  the  case  of  sulphuric  acid.  Examples  of  nitric  acid  are 
given  just  above.      Of  concentrated  sulphuric  acid,  see  Copper  Sulphate  (p.  590). 

Citrine  ointment  (from  citrus,  the  lemon)  has,  as  the  name  suggests, 
a  bright  yellow  color  when  freshly  prepared;  on  standing,  however, 
it  assumes  a  brown  tint.  The  manufacture  of  this  compound  is  one 
calling  for  considerable  skill  in  order  to  obtain  a  product  of  exactly 
the  right  color  and  consistence  and  of  the  same  quality.  The  quality 
of  lard  oil  found  in  the  market  was  so  variable  that,  in  revising  the 
pharmacopoeia,  the  lard  oil  of  U.  S.  P.  1890  was  replaced  by  the  more 
reliable  lard. 

Citrine  ointment  is  a  valuable  remedy  for  certain  forms  of  skin 
trouble,  such  as  tetter  and  ring-worm. 

An  unofficial  salt  of  mercury  worthy  of  consideration  is  mercuric 
sulphide,  HgS,  which  was  recognized  by  the  pharmacopoeia  of  1880. 


3Hg 

+ 

8HNO3 

= 

4H2O 

+ 

N2O, 

6Hg 

+ 

8HNO3 

= 

4H2O 

+ 

N2O5 
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This  substance  is  the  artificial  cinnabar,  and  is  made  by  the  sublima- 
tion of  the  black  sulphide.  The  latter,  formerly  called  jEthio'ps 
mineral,  has  been  mentioned  as  the  precipitate  formed  by  passing 
hydrogen  sulphide  through  solutions  of  mercuric  salts,  but  is  made 
commercially  by  fusing  sulphur  with  mercury.  Both  sulphides  have 
the  formula  HgS,  the  only  difference  being  that  the  red  is  crystalline, 
while  the  black  is  amorphous.  Cinnabar  is  practically  never  used 
internally. 

SILVER 

Symbol,  Ag.    Atomic  weight,  approximately  108 

Silver  occurs  occasionally  in  the  form  of  the  pure  metal,  but  its 
most  abundant  ores  are  silver  sulphide,  which  is  called  silver  glance, 
and  the  chloride,  or  horn  silver.  A  very  large  quantity  of  silver  is 
obtained  from  the  silver-bearing  galena.     (See  p.  597.) 

Silver  is  one  of  the  ancient  metals,  reference  to  it  being  found  in 
the  earliest  writings.  The  Latin  word  argentum  is  derived  from  the 
Greek  for  silver,  arguros,  which  is  in  turn  derived  from  the  Greek 
word  argos,  meaning  white.  It  is  worth  the  matter  of  passing  interest 
that  in  several  languages  the  word  silver  is  similar  to  the  word  white, 
and  we  know  that,  in  this  country,  we  sometimes  speak  of  silver  as 
the  white  metal,  in  contradistinction  to  gold,  "the  yellow  metal." 

The  metallurgy  of  silver  is  interesting  and  important,  and  can  be 
roughly  divided  into  four  groups.  The  first  include  the  wet  extraction 
processes.  In  one  of  these  the  sulphides  (galena  or  silver  glance)  is 
roasted  with  sodium  chloride,  thus  changing  the  silver  to  silver 
chloride.  The  roasted  mass  is  then  ground,  placed  in  appropriate 
hoppers,  percolated  with  an  aqueous  solution  of  sodium  thiosulphate, 
in  which  the  chloride  is  soluble;  sodium  sulphide  is  added  to  the 
percolate,  causing  the  precipitation  of  silver  sulphide. 

The  pure  silver  is  obtained  by  roasting  the  sulphide,  while  the 
thiosulphate  is  recovered  from  the  filtrate  and  used  again. 

Another  method  is  by  carefully  roasting  the  ores,  whereby  the 
silver  sulphide  contained  therein  is  converted  into  sulphate,  and  this 
is  extracted  by  percolation  of  the  roasted  mass  with  water.  Metallic 
silver  is  separated  from  the  percolate  by  use  of  metallic  copper. 

The  second  group  of  processes  are  those  where  amalgamation  is 
employed.  In  these  the  ore  is  roasted  with  salt,  changing  the  silver 
sulphide  found  therein  to  silver  chloride.  This  is  reduced  with  iron 
or  with  copper  sulphate  to  metallic  silver,  which  forms  an  amalgam 
with  mercury.  This  amalgam  is  separated  from  the  solid  matter  and 
is  heated  in  a  retort,  when  the  mercury  distils,  leaving  a  residue  of 
metallic  silver. 

The  third  group  of  processes  are  those  where  cupellation  is 
employed,  and  is  applied  to  ores  containing  lead  and  silver.  Such 
ores  are  roasted  in  furnaces  with  free  exposure  to  air,  the  result  being 
the  liberation  of  metallic  silver  and  the  conversion  of  lead  into  lith- 
arge, which  is  skimmed  off.  Lastly,  electrolytic  separation  of  silver 
from  copper-bearing  ores  is  now  being  employed. 

Silver  is  a  brilliant  white  metal,  malleable,  ductile,  soluble  in 
nitric  acid,  and  but  sparingly  soluble  in  sulphuric  acid.  While  in 
the  molten  condition  it  has  a  great  affinity  for  oxygen,  absorbing  no 
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less  than  twenty-two  times  its  volume  of  that  gas.  On  cooling,  it 
parts  with  all  its  oxygen,  and  frequently  with  explosive  violence. 
This  property  makes  the  melting  of  silver  a  process  requiring  con- 
siderable care.  The  silver  used  in  coins  consists  of  90  per  cent,  of 
silver  and  10  per  cent,  of  copper,  it  being  so  admixed  because  pure 
silver  is  too  soft  to  be  used  alone. 

Silver  is  called  a  "noble  metal,"  partly  because  it  costs  more  than 
the  common  metals  already  considered,  and  chiefly  because  it  with- 
stands the  oxidizing  action  of  the  atmosphere.  This  property  it 
shares  with  gold  and  platinum  and  is  noted  in  a  lesser  degree  in 
aluminum  and  nickel. 

The  tests  for  silver  are  as  follows: 

Hydrochloric  acid  produces  a  precipitate  of  white  silver  chloride, 
insoluble  in  nitric  acid,  but  soluble  in  ammonia  water.  Hydrogen 
sulphide  or  ammonium  sulphide  produces  a  black  precipitate  of  silver 
sulphide,  while  potassium  hydroxide  precipitates  silver  from  its 
soluble  salts  in  the  form  of  a  brown  silver  oxide. 

The  oxides  of  silver  which  are  known  are  AgjO,  AgjOj,  and  Ag^O. 
Of  these,  the  first  is  the  only  one  of  sufficient  importance  to  merit 
more  than  passing  notice.  It  is  recognized  by  the  pharmacopoeia, 
and  in  constitution  is  analogous  to  sodium  oxide,  NagO,  exhibiting 
silver  with  valence  i.  « 

The  official  salts  of  silver  are: 

Silver  cyanide.     At  least  99.9  per  cent,  absolute  AgCN. 
Silver  nitrate.     At  least  99.9  per  cent,  absolute  AgNOj. 
Fused  silver  nitrate.     At  least  94.8  per  cent,  absolute  AgNOj. 
Mitigated  silver  nitrate.     At  least  33.3  per  cent,  absolute  AgNOj. 
Silver  oxide.     At  least  99.8  per  cent,  absolute  AgjO. 

In  considering  these,  the  nitrate  will  be  the  first  taken  up,  since 
from  it  all  the  other  official  silver  compounds  are  made. 

ARGENTI   NITRAS.     Silver  Nitrate. 

AgNOs  =  168.69 

It  should  contain  not  less  than  99.9  per  cent,  of  pure  Silver  Nitrate  and  should 
be  kept  in  dark  amber-colored  vials,  protected  from  light. 

Colorless,  transparent,  tabular,  rhombic  crystals,  becoming  gray  or  grayish- 
black  on  exposure  to  light  in  the  presence  of  organic  matter;  without  odor,  but  having 
a  bitter,  caustic,  and  strongly  metallic  taste. 

Soluble  in  0.54  part  of  water,  and  in  24  parts  of  alcohol  at  25°  C.  (77°  F.);  in 
0.1  part  of  boiling  water  and  in  5  parts  of  boiling  alcohol. 

When  heated  in  a  porcelain  crucible  to  about  200°  C.  (392°  F.)  the  salt  melts, 
forming  a  faintly  yellow  liquid,  which,  on  cooling,  congeals  to  a  pure  white,  crys- 
talline mass.  At  a  higher  temperature  it  is  gradually  decomposed  with  evolution 
of  nitrous  vapors. 

An  aqueous  solution  of  the  salt  is  neutral  to  litmus-paper,  and  yields,  with  hy- 
drochloric acid,  a  white  precipitate,  which  is  readily  dissolved  by  ammonia  water, 
the  liquid  not  acquiring  a  blue  color  (absence  of  copper). 

If  a  portion  of  an  aqueous  solution  (1  in  10)  be  completely  precipitated  by  hy- 
drochloric acid,  filtered,  and  the  filtrate  evaporated  to  dryness,  no  residue  should  be 
left  (absence  of  foreign  salts). 

Tests  for  Identity. — Given  above. 

Impurities. — Copper,  foreign  salts.    See  above.    Lead.    See  Part  V. 

Assay. — Details  in  Part  V. 
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Remarks. — This  salt  is  made  by  dissolving  silver  coin  in  nitric  acid, 
evaporating  the  solution  to  dryness,  fusing,  adding  water  to  the  fused 
mass,  and  filtering  the  silver  nitrate  solution  from  the  copper  oxide 
residue. 

Silver  coin  is  far  more  accessible  than  pure  silver,  hence  is  employed 
in  making  the  nitrate.  But  in  this  process  not  only  does  the  silver 
unite  with  the  acid  to  form  the  nitrate,  but,  likewise,  the  copper  forms 
copper  nitrate,  and,  of  course,  a  silver  nitrate  containing  copper  nitrate 
would  not  answer.  The  copper  is  removed  in  a  very  ingenious  way. 
Silver  nitrate  melts  unchanged  at  200°  C,  and  at  that  temperature 
copper  nitrate  is  decomposed  into  the  gaseous  oxides  of  nitrogen  and 
into  copper  oxide,  which  remains  behind,  an  insoluble  mass.  The 
fused  mass  is  treated  with  water,  in  which  the  silver  nitrate  dissolves, 
leaving  copper  oxide  behind. 

It  will  be  noted,  from  the  pharmacopoeial  description  given  above, 
the  solution  of  silver  nitrate  turns  black  on  exposure  to  light.  This 
is  due  to  the  separation  of  metallic  silver,  under  the  reducing  action  of 
sunlight.  All  silver  salts  are  very  sensitive  to  the  action  of  light; 
most  of  all,  silver  bromide,  and  the  blackening  of  silver  bromide  by 
the  influence  of  light  constitutes  the  foundation  of  the  art  of  photog- 
raphy. 

Silver  nitrate  is  a  very  valuable  remedy,  used  both  externally 
and  internally.  It  is  used  internally  in  cases  of  gastritis  and  diarrhea 
in  small  doses,  while  large  quantities  act  as  a  caustic  and  escharotic. 
If  given  in  an  overdose,  the  antidote  is  sodium  chloride,  which  pro- 
duces a  mild  and  comparatively  inert  silver  chloride.  Externally, 
it  is  of  considerable  value  as  a  caustic,  but  the  application  should  be 
made  with  great  care.  For  external  use  two  other  forms  of  silver 
nitrate  are  provided  by  the  pharmacopoeia,  the  fused  and  the  diluted. 

Dose. — 10  milligrammes  (^  grain). 

ARGENTI  NITRAS  FUSUS.     Molded  Silver  Nitrate. 
It  should  contain  not  less  than  94.8  per  cent,  of  pure  Silver  Nitrate. 

Recipe. — Silver  Nitrate,  one  hundred  grammes 100  Gm. 

Hydrochloric  Acid,  four  grammes 4  Gm. 

To  the  Silver  Nitrate,  contained  in  a  porcelain  dish,  add  the  Hydrochloric  Acid, 
and  melt  the  mixture  at  as  low  a  temperature  as  possible.  Stir  well,  and  pour  the 
melted  mass  into  suitable  molds.  It  should  be  kept  in  dark  amber-colored  vials, 
protected  from  light. 

A  white,  hard  solid,  generally  in  the  form  of  pencils  or  cones  of  a  fibrous  fracture, 
becoming  gray  or  grayish-black  on  exposure  to  light  in  the  presence  of  organic 
matter;  odorless  and  having  a  bitter,  caustic,  and  strongly  metallic  taste. 

Soluble,  with  the  exception  of  about  5  per  cent,  of  silver  chloride,  in  0.54  part  of 
water  and  in  24  parts  of  alcohol  at  25°  C.  (77°  F.);  in  0.1  part  of  boiling  water  and 
5  parts  of  boiling  alcohol.  The  portion  left  undissolved  by  water  should  be  com- 
pletely soluble  in  ammonia  water. 

A  clear,  aqueous  solution  of  Molded  Silver  Nitrate,  decanted  from  the  insoluble 
portion,  should  be  neutral  to  litmus-paper,  and  should  respond  to  the  tests  of  identity 
and  purity  stated  under  Ar genii  Nitras. 

Tests  for  Identity. — See  above. 
Impurities. — As  in  silver  nitrate. 
Assay. — Details  in  Part  V. 
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Remarks. — Fused  silver  nitrate  is  made  by  melting  silver  nitrate 
in  a  porcelain  capsule,  adding  thereto  4  per  cent,  of  hydrochloric  acid, 
and  pouring  the  melted  mixture  into  suitable  molds.  The  hydro- 
chloric acid  used  in  this  case  is  for  the  purpose  of  rendering  the  silver 
nitrate  tougher  and  less  brittle  by  the  formation  of  a  small  quantity 
of  silver  chloride. 

The  melted  silver  nitrate  is  called  lunar  caustic  (from  luna,  Latin 
for  moon),  and  the  application  in  this  case  is  an  interesting  relic  of 
alchemistic  nomenclature.  The  alchemists,  the  forerunners  of  the 
modern  chemists,  assigned  to  the  commoner  metals  the  names  of  the 
heavenly  bodies  and  of  the  gods  of  Roman  mythology.  Thus,  gold 
was  the  sun;  silver,  the  moon  (luna);  iron  was  Mars;  copper  was 
Venus;  lead  was  Saturn;  while  quicksilver  was,  as  it  is  now,  mercury. 
In  old  names  that  are  still  used, — like  ''boule  de  Mars"  (iron  and 
potassium  tartrate),  "acetum  SaturnV  (solution  of  lead  subacetate), 
and  "lunar  caustic," — we  find  these  terms  still  existing. 

Molded  silver  nitrate  is  also  called  lapis  infernalis  {stone  of  Hell). 

ARGENTI  NITRAS  MITIGATUS.     Mitigated  Silver  Nitrate. 

[Argenti  Nitras  Diluttjs,  Pharm.  1890] 
It  should  contain  not  less  than  33.3  per  cent,  of  pure  Silver  Nitrate. 

Recipe. — Silver  Nitrate,  thirty  grammes 30  Gm. 

Potassium  Nitrate,  sixty  grammes 60  Gm. 

Melt  the  salts  together  in  a  porcelain  crucible,  at  as  low  a  temperature  possible,  as 
stirring  the  melted  mass  well  until  it  flows  smoothly.  Then  pour  it  into  suitable 
molds.     It  should  be  kept  in  dark  amber-colored  vials,  protected  from  light. 

A  white,  hard  solid,  generally  in  the  form  of  pencils  or  cones  of  a  finely  granular 
fracture,  becoming  gray  or  grayish-black  on  exposure  to  light  in  the  presence  of 
organic  matter;  odorless  and  having  a  caustic,  metallic  taste. 

Its  aqueous  solution  is  neutral  to  litmus-paper. 

Each  of  its  constituents  retains  the  solubility  in  water  and  in  alcohol  stated 
respectively  under  Argenti  Nitras  and  Potassii  Nitras. 

Tests  for  Identity. — See  Silver,  Potassium,  and  Nitrates  in  Part  V. 

Impurities.^ — Copper,  lead,  and  bismuth  (no  blue  color  nor  tur- 
bidity on  adding  excess  of  ammonia  to  aqueous  solution). 

Assay. — Details  in  Part  V. 

Remarks. — This  chemical  is  made  by  melting  together  30  parts  of 
silver  nitrate  and  60  parts  of  potassium  nitrate.  As  silver  nitrate  is 
a  very  powerful  caustic,  it  is  sometimes  found  wise  to  apply  it  in  this 
diluted  form. 

ARGENTI   CYANIDUM.     Silver  Cyanide. 

AgCN  =  132.96 

It  should  contain  not  less  than  99.9  per  cent,  of  pure  Silver  Cyanide,  correspond- 
ing to  80.48  per  cent,  of  metallic  silver.  It  should  be  kept  in  dark  amber-colored 
vials,  protected  from  light. 

A  white  powder,  without  odor  or  taste,  permanent  in  dry  air,  but  gradually 
turning  brown  on  exposure  to  light. 

Insoluble  in  water,  alcohol,  or  cold  nitric  acid,  but  soluble  in  boiling  nitric  acid 
with  evolution  of  hydrocyanic  acid;  also  soluble  in  ammonia  water,  sodium  thio- 
sulphate  T.S.,  and  potassium  cyanide  T.S. 

When  heated  in  a  porcelain  crucible  the  salt  fuses,  gives  off  cyanogen  gas,  and, 
on  ignition,  leaves  a  residue  of  metallic  silver  amounting  to  80.48  per  cent,  of  its 
original  weight. 
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Remarks. — This  chemical  is  made  by  passing  hydrocyanic  gas 
through  a  solution  of  silver  nitrate.  It  can  also  be  made  by  treating 
potassium  cyanide  with  silver  nitrate. 

It  is  official  only  because  it  affords  a  simple  method  of  extem- 
poraneous preparation  of  diluted  hydrocyanic  acid.  This  acid  is 
quite  unstable,  and  should  be  fresh  when  dispensed.  This  rule  is 
easily  followed  if  the  acid  is  made  from  silver  cyanide  and  hydro- 
chloric acid,  the  hydrocyanic  acid  that  is  formed  remaining  in  solution, 
while  the  silver  chloride  separates  out  and  can  be  filtered  off. 

Argenti  lodidum  (U.  S.  P.  1890). — Silver  iodide.  This  salt  is  made  by  com- 
bining a  solution  of  potassium  iodide  and  silver  nitrate  and  collecting  the  precipitated 
silver  iodide,  as  shown  in  the  following  equation: 

KI     +     AgNOj     =     KNO3     +     Agl. 

This  is  a  heavy  yellow  powder,  and  is  used  as  an  alterative  in  Byphilis,  in  doses 
of  0.03  to  0.12  Gm.  Q  to  4  grains). 

ARGENTI   OXIDUM.     Silver  Oxide. 
AgjO  =  230.12 

It  should  contain  99.8  per  cent,  of  pure  Silver  Oxide,  corresponding  to  not  less 
than  92.9  per  cent,  of  pure  metallic  silver,  and  should  be  kept  in  dark  amber-colored 
vials.  Silver  Oxide  should  not  be  triturated  with  readily  oxidizable  or  combustible 
substances,  and  should  not  be  brought  in  contact  with  ammonia. 

A  heavy,  dark  brownish-black  powder,  liable  to  reduction  by  exposure  to  light, 
odorless,  and  having  a  metallic  taste. 

Very  slightly  soluble  in  water,  to  which  it  imparts  an  alkaline  reaction;  insoluble 
in  alcohol;  it  is  readily  and  completely  soluble  m  nitric  acid  without  effervescence 
(absence  of  carbonate  or  chloride). 

When  heated  in  a  porcelain  crucible  to  about  250°  to  300°  C.  (482°  to  572°  F.), 
it  is  rapidly  decomposed,  with  the  evolution  of  oxygen,  leaving  a  residue  of  metallic 
silver. 

The  solution  of  the  Oxide  in  nitric  acid  should  be  colorless,  and  should  respond 
to  the  reactions  and  tests  stated  under  Argenti  Nitras. 

If  0.5  Gm.  of  the  Oxide  be  ignited  in  a  porcelain  crucible,  it  should  yield  not  less 
than  0.464  Gm.  of  pure  metallic  silver. 

Tests  for  Identity.     Given  above. 

Impurities. — Carbonate,  chloride,  see  above.  Copper,  lead,  foreign 
salts.     See  Silver  Nitrate. 

Assay. — See  above. 

Remarks. — Silver  oxide  is  prepared  by  precipitating  silver  nitrate 
solution  with  potassium  hydroxide  solution,  as  shown  in  the  following 
equation: 

2AgN03     +     2K0H     =     Hg^O     +     2KNO3     +     H^O. 

Silver  oxide  must  be  carefully  handled,  owing  to  its  energetic 
oxidizing  action,  hence  the  pharmacopceial  warning  given  above. 

The  only  way  safely  to  make  pills  of  silver  oxide  is  by  using  petro- 
leum mass  or  kaolin  and  vaselin  as  excipient.  (See  p.  315.)  Also 
beware  of  bringing  it  in  contact  with  ammonia,  for  the  two  will  form 
the  dangerous  explosive,  fulminating  silver. 

Silver  oxide  is  one  of  the  most  valuable  compounds  of  silver  for 
internal  use,  it  being  far  less  caustic  than  any  of  the  other  silver 
compounds. 

Dose. — 65  milligrammes  (1  grain). 
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PART  IV 
ORGANIC   CHEMISTRY 


CHAPTER   XXXV 

INTRODUCTION 

Organic  chemistry  is  the  study  of  the  carbon  compounds,  the 
adjective  "organic"  being  a  survival  of  the  earlier  days  of  chemical 
thought,  when  it  was  supposed  that  all  substances  peculiar  to  animal 
and  vegetable  economy — such  bodies  as  those  about  to  be  discussed — 
were  produced  by  the  action  of  a  mysterious  influence  called  the 
force  of  life — "vis  vitce."  Although  this  vis  vitse  theory  was  exploded 
in  1828  by  Woehler's  synthesis  of  urea  (p.  749),  the  name  "organic 
chemistry"  is  still  applied  to  the  carbon  compounds. 

Essential  to  an  organic  compound  are  the  carbon  atoms  it  con- 
tains, and  it  is  interesting  to  note  that  in  all  the  numberless  derivatives 
of  carbon  (some  112,000  now  known  to  the  practice)  these  carbon 
atoms  always  show  the  valence  iv,  just  as  do  the  carbon  atoms  in  the 
carbonates  discussed  in  previous  chapters. 

The  reason  why  carbon  forms  so  many  compounds  is  because  it 
possesses,  to  a  far  greater  extent  than  any  other  element,  the  property 
of  using  some  of  its  bonds  for  linking  itself  to  adjoining  carbon  atoms. 
That  one  atom  of  an  element  is  capable  of  attaching  itself  to  another 
atom  of  the  same  element  has  been  already  shown,  for  example,  in 
the  formula  FejClg  (p.  548),  the  graphic  formula  showing  that  two 
atoms  of  iron  are  directly  attached  to  each  other.  Likewise  in  HgjClz 
the  two  mercury  atoms  are  attached  to  each  other  by  their  own  bonds. 
Returning  to  the  question  of  ferric  chloride,  it  will  be  remembered 
that  its  formula  was  explained  by  the  statement  that  we  had  iron  with 
the  valence  iv,  and  with  a  bond  of  each  iron  atom  used  for  attaching 
itself  to  the  other,  as  shown  in  graphic  formula: 


Fe 

I 

Fe 


— Cl 
— Cl 


Exactly  analogous  to  ferric  chloride  is  the  formula  of  ethane,  that 
carbon  compound  containing  two  atoms,  and,  as  a  matter  of  fact, 
there  is  known  a  body  CjClg,  exactly  analogous  to  FejClg: 


C-ci 
— Cl 
— Cl 

I 

C— Cl 
— Cl 
— Cl 
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These  two  carbon  atoms,  however,  can  link  on  a  third  carbon  atom, 
making  a  chain  of  three  carbon  atoms,  which  can  be  graphically  repre- 
sented as: 

— O L" (j — 

I  I  I 

And  in  this  way  there  can  be  devised  chains  containing  four,  five,  or 
six  carbon  atoms,  making  the  following  series: 


Methane. 

Ethane. 

Propane. 

Butane. 

Pentanb. 

Hexanb. 

CH, 
H 

H— C— H 

1 

H— C— H 
H— C— H 

H— C— H 
H— C— H 

H— C— H 

1 

C.H„ 

H— C— H 
H— C— H 
H— C— H 
H— C— H 

k 

C.H„ 

H— C— H 
H— C— H 
H— C— H 
H— C— H 
H— C— H 

k 

H— C— H 
H— C— H 
H— C— H 
H— C— H 
H— C— H 
H— C— H 

k 

k 

k 

This  series  can  be  continued  almost  indefinitely,  similar  chains 
containing  60  carbon  atoms  being  known. 

These  compounds  are  composed  only  of  carbon  and  hydrogen, 
and  are  called  hydrocarbons.  They  all  belong  to  a  similar  set  or  series, 
and  the  members  of  such  a  series  are  called  homologues.  In  this 
series  of  homologues  the  carbon  atoms  are  linked  into  a  long  string- 
or  chain,  and  the  series  is  called  the  chain  series  of  hydrocarbons. 
Because  these  hydrocarbons  and  their  derivatives  are  found  in  fats, 
the  series  is  sometimes  called  the  fatty  series. 

Among  the  members  of  the  series  there  exists  a  mathematic 
relationship  between  the  relative  number  of  carbon  and  hydrogen 
atoms. 

This  relationship  can  be  expressed  in  the  mathematic  formula 
CnHjn  +  2,  which  means  twice  the  number  of  carbon  atoms,  plus  two, 
gives  the  number  of  hydrogen  atoms. 

Let  us  prove  this: 

Take  methane,  CH^.     There  is  one  carbon — Cn  means  C. 

Hto  +  2  nieans  2X1=  2;  2  +  2  =  4,  Hjn  +  2  nieans  H^. 
So  with  ethane,  C^Hg.     Cn  means  C^. 

Han  +  2  means  2X2  =  4;  4  +  2  =  6,  Hjn  +  2  means  H,. 
Likewise  with  propane,  CjHg.     In  this  case  Cn  means  C3. 

H2n  +  2  means  2X3  =  6;  6  +  2  =  8,  Hjn  +  2  means  Hg. 
Lastly  the  hydrocarbon,  CjoHuq.     In  this  case  Cn  means  C,o- 

H2n  +  a  means  2  X  60  =  120;  120  +  2  =  122;  Han  +  ,  means  H,a. 

In  methane,  ethane,  propane,  and  the  other  hydrocarbons,  pos- 
sessing the  general  formula  CnHjn  +  2>  ^^^  carbon  atoms  are  arranged 
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in  a  chain,  that  is,  one  linked  after  another,  like  beads  on  a  string. 
Another  variety  of  chain  hydrocarbons  are  those  having  the  formula 
CnHjn,  of  which  ethylene  and  propylene  are  the  types.  These  bodies 
are  unsaturated,  that  is,  at  least  two  of  the  carbon  atoms  of  the  com- 
pound are  linked  together  by  means  of  double  bonds,  as  outlined  in 
the  graphic  formula: 

t     I 

These  are  said  to  be  unsaturated,  because  the  double  bonds  split 
whenever  opportunity  is  presented  for  them  to  be  used  for  attaching 
other  elements  to  the  carbon  atom.  Thus,  if  ethylene  is  treated  with 
iodine,  the  double  bond  is  immediately  severed  and  an  iodine  atom 
is  attached  to  each  bond,  making  ethyl  iodide,  as  shown  in  the  following 
graphic  formula: 

H    H  H    H 

(Ethylene)     C=C    _>.    I— C— C— I    Ethyliodide. 

kk  kk 

Another  series  of  chain  hydrocarbons  are  the  acetylene  series,  in 
which  adjoining  carbon  atoms  are  connected  by  a  triple  bond,  as 
shown  in  acetylene  and  allylene,  graphic  formulas  of  which  are  given: 

C— H 
C— H 


'd-H  Czi 

Acetylene.  Allylene. 


Besides  these  chain  series  of  hydrocarbons,  we  have  a  series  of 
hydrocarbons  of  which  benzene,  CgHe,  is  the  type,  in  which  the  carbon 
atoms  form  a  ring,  as  explained  on  p.  757.  This  series  is  called  the 
aromatic  series,  in  contradistinction  to  the  fatty  series  of  chain 
hydrocarbons  just  cited. 

Radicles  are  atomic  groups,  either  organic  or  inorganic,  not 
existing  in  a  free  state,  but  assigned  names,  and  temporarily  con- 
sidered as  entities,  merely  for  convenience. 

Chemists  run  across  scores  of  chemical  compounds  containing 
the  group,  say,  CjHg  (examples:  C2H5OH,  or  alcohol;  (02115)20,  or 
ether,  etc.),  and  as  many  others  containing,  say,  COOH.  Neither 
C2H5  nor  COOH  exist  in  a  free  state,  but  since  we  meet  them  so  often 
in  compounds,  we  give  them  names.  Thus,  we  call  C2H5  "ethyl," 
simply  because  it  is  much  easier  to  say  "ethyl"  than  to  call  the 
compound  "two  atoms  of  carbon  and  five  atoms  hydrogen,"  and  for 
similar  reason  we  call  COOH  "carboxyl."  Such  atomic  groupings 
are  called  radicles. 

In  methane,  CH4,  we  have  a  body  in  which  all  the  bonds  of  the 
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carbon  are  taken  up  by  hydrogen.  In  all  known  bodies  the  employ- 
ment of  all  the  bonds  of  the  carbon  atoms,  in  some  way  or  other,  is 
distinctly  noticeable,  and  carbon  compounds  having  free  bonds  do 
not  exist. 

As  already  mentioned,  free  atoms  do  not  exist;  yet  free  atoms  enter 
into  chemical  combinations.  Such  is  the  case  with  what  are  called 
radicles,  and  of  these,  we  may  take  as  example  the  group  CHg,  which 
we  call  methyl. 

Note  that  p— g 

Ij— H  has  a  free  bond,  hence  it  does  not  exist  in  a  free 
state.  But  as  it  enters  into  chemical  reactions,  we  may  consider  it 
just  as  we  do  atoms. 

For  instance,  just  as  sodium  (Na)  and  chlorine  (CI)  join  to  form 
sodium  chloride  (NaCl),  so  is  obtained  CH3CI,  which  is  called  methyl 
chloride. 

Just  as  the  radicle  CH3  is  considered  as  a  derivative  of  CH^,  so 
from  CjHg  is  derived  the  radicle  ethyl,  CjHg,  and  from  CgHg  the  radicle 
C3H7,  which  is  called  propyl. 

Another  similarity  between  atoms  of  elements  and  radicles. 

Elements  are  divided  into  positive  and  negative,  according  as 
their  action  resembles  metals  or  non-metals. 

The  radicles  mentioned  thus  far  are  all  typical  of  a  character 
somewhat  similar  to  metals,  since  each  (CH3,  for  example)  combines 
with  chlorine,  just  as  sodium  or  iron  does.  Others  there  are  that  act 
like  the  negative  part  of  the  molecule;  such  groups  as  (OH),  (COOH), 
and  (CHO)   resembling  negative  elements. 

But  too  much  trust  must  not  be  placed  on  this  idea  of  radicles, 
as  the  following  facts  show  that  they  should  be  considered  more  as  a 
convenient  figure  of  speech  than  as  definite  chemical  entities. 

Na,  the  atom  of  sodium,  does  not  exist.  Naj,  the  molecule,  does 
(graphically  expressed,  Na — Na),  the  atoms  linked  "hand  in  hand." 

Methyl,  the  radicle  CH3,  does  not  exist;  (CH3)2  does,  but  as  a  body 
entirely  different  from  the  hypothetic  methyl,  from  which  it  is  derived. 

H 


H— C— H 
H— C— h' 


CH3— CH.  is  I        ,  C,H,  (Ethane), 

^— c— r 


k 

which,  when  brought  in  contact  with  chlorine,  does  not  form  CH3CI 
(as  Naj  treated  with  chlorine  yields  NaCl),  but  the  product  is  C2H5CI. 

Another  difference  is  that  the  atom  of  an  element  is  unchange- 
able; methyl,  the  radicle,  can  be  modified  from  (CHg)^  to  (CHgCl)^, 
(CHClj)^  or  (0013)',  and  exactly  so  with  all  other  radicles. 

The  Roman  numeral  outside  the  brackets  in  each  formula  means 
that  the  radicles  have  as  many  free  bonds  as  the  numeral  indicates. 

Further  discussion  of  radicles  is  beyond  the  limits  of  this  book, 
and  in  conclusion  there  will  only  be  added  the  statement  that  the 
name  of  each  radicle  is  given  the  termination  "yl." 
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The  following  are  the  more  important  radicles: 

Positive.  Negative. 

Methyl  (CH,)!,    from  methane,  CH,.       Hydroxyl  (OH)'. 
Ethyl     (CjHj)!,  from  ethane,     CaH,.      Carboxyl   (COOH)'. 
Propyl  (CaH,)!,  from  propane,  CsHg.      Carbonyl   (CO)". 
Butyl    (C,H„)i,  from  butane,     C.H.o- '^'^S^SS^f^^CHO)'. 
Amyl     (CgHii)!,  from  pentane,   C5H12. 
Phenyl  (CgHj)!,  from  benzene,  CgHg. 

In  considering  the  chemistry  of  the  official  organic  substances,  it 
is  found  convenient  first  to  discuss  the  hydrocarbons  themselves,  and 
then  the  vast  mass  of  derivatives,  and  in  this  work  the  order  of  the 
consideration  of  the  latter  will  be  based  on  a  convenient  standard  of 
the  number  of  carbon  atoms  they  contain.  In  special  books  on  organic 
chemistry  it  is  usual  to  consider  the  derivatives  of  the  hydrocarbons 
in  groups,  based  on  their  structural  characteristics;  thus,  all  the  fatty 
alcohols  are  considered  together,  likewise  the  fatty  aldehydes  and 
acids,  but,  from  the  pharmacist's  point  of  view,  it  is  better  to  discuss 
them  in  a  different  arrangement;  namely,  to  study  all  the  derivatives 
of  ethane  together,  and  then  proceed  to  propane. 

A  convenient  grouping  of  the  derivatives  is  as  follows: 

The  Halogen  Derivatives. — In  this  case  the  hydrogen  atoms  are 
replaced  by  the  halogen  elements,  chlorine,  bromine,  iodine.  Thus, 
from  CH4  we  can  get  CH3CI,  CH^Cl^,  CHCI3,  and  CCI4. 

The  first  three  of  these  can  be  expressed  by  the  formulas: 

R^X,  R"X2,  and  R^'Xg. 

R  standing  for  the  radicle,  X  for  the  appropriate  halogen  element, 
the  Roman  numerals  above  R  expressing  the  number  of  free  bonds 
the  same  possesses. 

Methane  treated  with  bromine  yields  respectively — 

CHaBr,  CH^Br^,  CBBr,,  CBr„ 

and  such  is  the  case  with  iodine.  Likewise,  with  ethane,  one  or  even 
all  the  halogens  can  be  replaced  with  chlorine,  bromine,  or  iodine. 

Of  these  halogen  derivatives  chloroform,  bromoform,  and  iodo- 
form are  of  pharmaceutic  interest. 

The  Alcohols. — The  formulas  of  these  can  be  expressed  by: 

R^OH,  R"K0H)3,  R^'(0H)6,  etc. 

Alcohols  are  substitution  products  of  the  hydrocarbons,  in  which 
one  or  more  of  the  hydrogens  are  replaced  by  hydroxyl  groups  (OH). 
Official  examples  of  this  class  are: 

Ethyl  alcohol C^HjOH. 

Glycerin C3Hb(OH)3. 

Mannitol CeH8(0H)a. 

These  alcohols  are  divided  into  primary,  secondary,  and  tertiary 
alcohols,  being  classified  according  to  their  action  under  the  influence 
of  oxidation. 
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A  -primary  alcohol  oxidizes  to  an  aldehyde  and  then  to  an  acid;  thus,  ethyl  alcohol, 
CHjCHjOH,  on  being  treated  with  an  oxidizing  agent,  yields  first  an  aldehyde, 
CHjCHO,  and  finally  the  acid,  CH3COOH. 

A  general  formula  of  a  primary  alcohol  shows  as  distinguishing  characteristic 
the  group  RCHjOH,  that  is,  the  caroon  atom  to  which  the  hydroxyl  is  attached  has 
also  attached  one  radicle  and  two  hydrogen  atoms. 

A  secondary  alcohol,  on  oxidation,  does  not  yield  an  aldehyde  and  an  acid,  but 
yields  a  substance  called  a  ketone. 

Thus,  secondary  propyl  alcohol,  CH.CHOHCH,,  yields  on  oxidation  the  ketone, 
acetone,  CH3COCH3. 

The  rational  formula  of  a  secondary  alcohol  shows  the  characteristic  grouping — 

g>CHOH. 

In  other  words,  connected  with  the  carbon  atom  to  which  the  hydroxyl  is  at- 
tached are  found  two  radicles  and  only  one  hydrogen  atom. 

A  tertiary  alcohol  is  one  which,  on  oxidation,  yields  neither  an  aldehyde  nor  a 
ketone,  but  breaks  up  under  such  treatment.  The  rational  formula  of  tertiary 
alcohol  can  best  be  expressed  as — 

R3COH; 

in  other  words,  to  the  carbon  atom  to  which  the  hydroxyl  is  attached  there  are  fas- 
tened three  radicles  and  no  hydrogen  atoms  at  all. 

Perhaps  the  differentiation  in  the  three  classes  of  alcohols  can  better  be  under- 
stood by  a  comparison  of  three  such  alcohols  from  the  same  hydrocarbon  and  the 
oxidation  derivatives  of  each. 

Thus,  primary  butyl  alcohol,  CHjCHjCHjCHjOH,  yields  on  oxidation  butyric 
aldehyde  and  butyric  acid. 

Secondary   butyl   alcohol,         'qtt'>CHOH,    \mder   same    treatment,    yields 

CH3\ 
methylethylketone,  while   tertiary  butyl   alcohol,   CH3— ^COH,    breaks    up    into 

CH3/ 
simpler  compounds. 

Another  classification  of  alcohols  is  to  call  them  monatomic,  diatomic,  and 
triatomic,  etc.,  the  Greek  prefixes  signifying  the  number  of  hydroxyls  the  alcohol 
possesses;  thus  glycerin,  C3H5(OH)„  is  a  triatomic  alcohol. 

It  will  be  seen  that  the  characteristic  radicle  of  alcohols  is  hydroxyl 
(OH).  To  express  the  same  thing  differently,  alcohols  are  hydroxides 
of  the  organic  radicles,  just  as  the  bases  (p.  372)  are  inorganic 
hydroxides. 

Thus,  NaOH,  sodium  hydroxide,  has  an  organic  analogue  in 
C2H5OH,  ethyl  hydroxide.  Similar  to  Ca(0H)2,  calcium  hydroxide,  is 
03114(011)2,  glycol,  and  as  mate  to  Fe(0H)3,  ferric  hydroxide,  we  have 
the  organic  hydroxide,  €3115(011)3,  glycerin. 

All  three  organic  hydroxides  cited  above  are  classed  among  the 
alcohols.  Those  alcohols  formed  by  adding  hydroxyl  to  the  benzene 
group  of  radicles  (CgHg,  CgH^,  etc.)  are  called  phenols,  of  which  the 
type  is  ordinary  phenol,  carbolic  acid,  CgHgOH. 

As  alcohols  represent  organic  hydroxides,  so  the  class  of  ethers 
represent  organic  oxides.  In  a  preceding  chapter  (p.  372)  it  was 
noted  that  sodium  hydroxide,  NaOH,  was  evolved  from  sodium 
oxide,  Na20,  by  adding  water  thereto.  Likewise,  by  taking  water 
away  from  sodium  hydroxide,  sodium  oxide  is  produced.  In  a  some- 
what analogous  way,  by  removing  water  from  ethyl  hydroxide  (alco- 
hol), ethyl  oxide  (ether)  is  formed. 
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Let  us  compare  the  formation  of  the  two: 

NaOH                      Na— I*              C^HjOH  C^Hj— 1| 

"     -H,0=             11                         "     -H,0=  II 

NaOH                       Na— W               C^H^  C^H^— W 

Sodium                              Sodium              Ethyl  hydroxide  Ethyl  oxide 

hydroxide.                            oxide.                       (alcohol).  (ether). 


The  general  formula  of  ethers  can,  therefore,  be  expressed  as 

Esters  may  be  defined  as  salts  of  the  alcohols. 

We  have  seen  the  analogy  between  hydroxides  and  alcohols; 
between  oxides  and  ethers;  let  us  now  show  similarity  between  salts 
and  esters.  Suppose  we  take  sodium  hydroxide  and  add  nitrous 
acid,  we  get  water  and  sodium  nitrite: 

NaOH        +     HNO3     =     H^O     +     NaNO^ 
EvensoCjHsOH     +     HNO^     =     H^O     +     C^H^NO^ 

Ethyl  hydroxide.       Nitrous  acid.  Ethyl  nitrite. 

An  ester  is  the  combination  of  a  positive  organic  radicle  with  an 
acid  radicle,  just  as  a  salt  is  a  combination  of  a  positive  element  with 
an  acid  radicle.  The  acid  of  the  ester,  just  like  the  acid  of  the  salt, 
can  be  either  inorganic  or  organic,  as  is  shown  by  the  formulas  of  the 
official  esters: 

Ethyl  nitrite C^H^NO^. 

Ethyl  acetate  (acetic  ether) C2H5C2H3OJ. 

Amyl  nitrite C5H11NO2. 

Phenyl  salicylate  (salol) CgHgCjHsOa. 

Methyl  salicylate CH3C7H5O3. 

Emphasis  should  be  laid  on  the  fact  that  esters  are  not  in  every  respect  similar 
to  inorganic  salts,  a  most  striking  difference  being  that  while  inorganic  salts  in  solu- 
tion dissociate  into  ions  (p.  118),  esters  do  not  undergo  ionic  dissociation.  Another 
point  of  difference  is  that,  while  the  reaction  occurring  in  the  manufacture  of  salts 
usually  runs  in  one  direction,  viz., 

NaOH     +     H2SO,     =     Na^SO,     4-     H^O, 

the  ester  reaction  is  reversible,  viz., 

(a)  C2H5OH      +     HNO2     =     C2H5NO2     +     H2O 
(6)  C2H5NO2     +     H2O        =     C2H5OH      =     HNO2. 

The  latter  reaction,  whereby  esters  are  dissociated,  is  called  the  process  of  saponi- 
fication. 

Aldehydes. — This  class  of  organic  compounds  has  no  analogues 
among  the  inorganic  compounds,  it  being  the  product  of  the  oxidation 
of  a  primary  alcohol.  An  explanation  of  the  same  has  just  been  given 
under  the  classification  of  the  alcohols,  and  specific  details  will  be 
left  until  we  consider  the  official  aldehydes;  so  here  suffice  it  to  say 
that  the  general  formula  of  aldehyde  is  RCHO.  An  example  of  the 
official  aldehyde  is  benzaldehyde,  the  chief  constituent  of  oil  of 
bitter  almond. 

Ketones. — As  mentioned  above,  ketones  are  oxidation  products 
from  secondary  alcohols,  and  their  general  formula  is  RjCO.  Thus, 
the   secondary   propyl    alcohol,    CH3CHOHCH3,    under   influence   of 
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oxidizing  agents,  loses  the  two  hydrogen  atoms,  becoming  CH3COCH3, 
the  official  acetone. 

Acids. — The  true  organic  acids  are  the  oxidation  products  of 
primary  alcohol  or  aldehydes,  and  their  general  formula  is  RCOOH, 
the  group  COOH  being  called  carboxyl,  as  mentioned  on  p.  630, 

As  alcohols  are  monatomic,  diatomic,  and  triatomic,  according 
to  the  number  of  hydroxyls,  so  organic  acids  are  monobasic,  dibasic, 
and  tribasic,  according  to  the  number  of  carboxyls  they  contain. 
Thus,  acetic  acid  is  an  official  example  of  the  monobasic  organic  acid, 
while  succinic  acid,  C2H4(COOH)2,  is  an  illustration  of  a  dibasic  acid. 

Acids  with  alcohol  radicles,  that  is,  containing  carboxyl  and 
hydroxyl,  are  called  oxyacids,  and  an  official  illustration  is  furnished 
in  tartaric  acid,  which  is  a  dibasic,  diatomic  oxyacid,  as  shown  by  the 
graphic  formula.     (See  p.  685.) 

In  true  acids  only  those  hydrogen  atoms  in  carboxyl  groups  are 
replaceable  by  a  metal.  This  is  why  carbolic  acid  (CgHjOH)  is  not  a 
true  acid,  but  a  phenol  (p.  758). 

Amines  can  be  expressed  by  the  general  formulas — 

RNH2,  RjNH,  or  R3N. 

They  can  also  be  considered  as  ammonia  in  which  one,  two,  or 
three  hydrogens  have  been  replaced  by  radicles.  Thus  we  can 
obtain  methylamine,  CH3NH2,  dimethylamine,  (CH3)2NH,  and 
trimethylamine,  (CH3)3N. 

The  manufacture  of  these  products  is  so  simple  and  clear  that  it  serves  admirably 
for  explaining  their  exact  composition.  Thus  ammonia  treated  with  methyl  iodide 
gives  the  hydriodic  acid  salt  of  methylamine,  and  when  the  acid  is  removed  By  treat- 
mg  with  potassa,  methylamine  remains. 

Reaction:  (a)  NH3  +     CH3I      =     NH^CHgHI. 

(6)  NH3CH3HI     +     KOH     =     NH2CH3     +     KI     +     H2O. 

Methylamine,  being  treated  with  methyl  iodide,  will  yield  the  hydriodic  acid 
salt  of  dimethylamine,  and  this  by  treatment  with  potassa  yields  the  free  dimethyla- 
mine. 

Reaction:  (a)  NH2CH3  +     CH3I      =     NH(CH3)2HI. 

(b)  NH(CH3)jHI     +     KOH     =     NHCCHa)^     +     KI     +     H^O. 

Dimethylamine,  being  treated  with  methyl  iodide,  yields  the  hydriodic  acid  salt 
of  trimethylamine,  and  the  free  base  is  obtained  by  treatment  with  potassa  as  above. 
Lastly,  if  trimethylamine  is  treated  with  methyl  iodide,  we  get  a  very  interesting 
body  called  tetramethylammonium  iodide. 

Reaction:  N(CH3)3     +     CH3I     =     NCCHj),!. 

In  the  latter  case  the  nitrogen  shows  the  valence  v,  exactly  as  it  does  in  the 
ammonium  compounds.  The  similarity  of  these  four  bodies,  the  amines  and  the 
ammonium  compounds  respectively,  is  best  shown  by  comparison  of  the  four  graphic 
formulas: 

Methylamine.        Dimethylamine.       Trimethylamine.     Tetramethyl  ammo- 
nium iodide. 
N||-CH.  ii^H.  y-CH. 

li-H       H^H.      Ii=r 

NHjCH,.  NH(CH3),.  NCCH,),.  N(CH,)3HI. 
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It  might  be  added  that  for  methyl  can  be  substituted  ethyl,  propyl,  or  any  other 
monovalent  radicle.  All  the  amines  are  quite  similar  to  ammonia;  the  mono-amines 
have  ammoniacal  odor  and  all  are  decidedly  basic. 

The  amines  of  the  fatty  series  are  of  but  little  importance,  but 
several  of  the  aromatic  series  are  of  the  utmost  value;  for  example, 
aniline  (p.  767). 


CHAPTER  XXXVI 
HYDROCARBONS  AND  METHANE  DERIVATIVES 

THE  FATTY  SERIES  OF  HYDROCARBONS 

This  series  of  hydrocarbons,  having  the  general  formula  CnH2n  +  2, 
are  sometimes  called  the  aliphatic  series.  As  mentioned  in  the 
preceding  chapter,  representatives  of  these  series  are  the  homologues, 
methane,  ethane,  butane,  pentane,  hexane,  etc.,  all  similar  and 
manufactured  one  from  the  other.  Substances  possessing  the  same 
general  formula,  but  differing  in  relative  number  of  atoms,  are  called 
homologues. 

Manufacture. — That  the  members  of  this  class  can  be  made  one 
from  the  other  has  already  been  mentioned;  thus,  methane,  CH^, 
can  be  converted  into  methyl  iodide,  (CH3I),  and  methyl  iodide,  on 
treatment  with  metallic  sodium,  yields  ethane  by  the  following  reac- 
tion: 

2CH3I     +     Na2     =     2NaI     +     CH3— CH3  or  CjHg. 

This  is  the  usual  way  of  making  such  hydrocarbons,  although  several 
other  methods  have  been  devised. 

Chemical  Behavior. — These  hydrocarbons  are  saturated  bodies; 
that  is,  they  will  absorb  no  more  hydrogen  nor  will  they  combine 
with  halogens  except  through  the  loss  of  hydrogen  atoms.  The 
halogen  derivatives  are  formed  as  follows: 

CH,  +  CI,  =  CH3CI  +  HCl. 

CH3CI  +  Ck  =  CH3CI2  +  HCl. 

CH2CI2  +  Clj  =  CHCI2  +  HCl. 

CHCI3  +  CI2  =  CCl,  +  HCl. 

Physical  Properties. — The  first  of  these  series  of  hydrocarbons  are 
gases.  Hydrocarbons  from  C8H14  are  liquids,  the  first  being  quite 
volatile,  the  higher  ones,  that  is,  from  C14H30,  thick  and  stable  liquids, 
while  the  higher  hydrocarbons  of  the  series,  say  from  CjoH^j,  are  solid. 

Considering  the  hydrocarbons  as  individuals,  the  first  of  the  series,  methane, 
CH4,  is  commonly  called  marsh-gas,  because  formed  by  decaying  vegetable  matter, 
and  thus  it  can  be  easily  collected  from  the  surfaces  of  some  marshes.  It  is  the 
chief  constituent  of  natural  gas.  Methane  is  usually  made  by  heating  in  a  retort 
sodium  acetate  with  sodium  hydroxide,  as  shown  in  the  following  equation.- 

CH3C00Na     +     NaOH     =     CH,     +     Na,CO,. 
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It  can  also  be  prepared  spontaneously  by  immersing  zinc  methyl  in  water,  as  shown 
in  the  following  equation: 

Zn(CH,),     +     H,0     =     2CH,     +     ZnO. 

The  zinc  methyl  used  is  made  by  heating  together  methyl  iodide  and  zinc  and  dis- 
tilling over  the  zinc  methyl  in  the  presence  of  absolutely  dry  hydrogen,  the  reaction 
being: 

2CHJ     +     Zn,     =     ZnCCHa)^     +     Znl,. 

Ethane,  CaHg,  can  be  made  as  cited  on  p.  634,  by  treatment  of  methyl  iodide 
with  metallic  sodium.  It  is  usually  made,  however,  by  treating  sodium  propionate 
with  sodium  hydroxide  in  a  manner  similar  to  the  method  given  for  making  methane 
from  sodium  acetate,  the  reaction  being  as  follows: 

CHjCHjCOONa     +     NaOH     =     CH3CH,     +     NajCOj. 

Propane,  CgHg,  is  made  by  treating  a  mixture  of  methyl  iodide  and  ethyl  iodide 
with  metallic  sodium,  the  reaction  being  as  follows: 

CH3I     +     C2H5I     +     Na,     =     2NaI     +     CH3— C^H,     (or  CjHg). 

Butane,  C^Hjo,  is  interesting,  inasmuch  as  two  substances  of  this  formula — C^Hjo — 
are  known.  Already  we  have  learned  that  where  an  element  is  found  in  three  or 
four  different  forms,  such  forms  are  said  to  be  allotropic  (p.  397).  On  the  other  hand, 
where  several  compounds  differ  physically,  but  have  the  same  chemical  formula, 
they  are  called  isomeres,  and  in  organic  chemistry  a  vast  number  of  such  isomeres 
are  found,  the  two  types  of  butane  oeing  the  first  example  we  meet.  The  two  types 
of  butane  can  best  oe  described  by  submitting  the  graphic  formula,  and  it  will  be 
found,  on  careful  calculation,  that  these  are  the  only  two  possible  combinations 
of  the  formula  C^Hj,: 

The  two  butanes: 

H   H   H   H 

Normal HC-C-C— C— H 

H   H   H   H 

H 
H   H  /C-H 
Isobutane HC-C(   ^ 

H 

Pentane,  C5H12,  can  occur  in  three  different  forms,  namely: 
CH,  CH3    CH3  CH3    CH3 

L        \/         ^^ 

y^  CH  c 

T  p»  CH3  CH3. 

y^»  CH3 

CH3 

Hexane,  C^a.^,  exists  in  five  possible  combinations,  namely: 
CHj  CH3    CHj  CH3    CHj  CjHj   CH3  CH3    CHj 

L  \/  \/  \/  \/ 

y^  CH  CH  CH  C— CH, 

yH»  CH,  CH  CH3  C,H„ 

CH.  |StT  /         \  A,TT 


p  in, 

CH, 

and  all  of  these  are  known. 


CH3    CH, 
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It  will  be  seen  from  the  above  that  the  number  of  isomeres  increases  in  proportion 
to  the  number  of  carbon  atoms  which  the  compound  possesses,  and  in  bodies  con- 
taining a  large  number  of  carbon  atoms  the  possible  number  of  isomeres  is  enormous. 

Of  the  hydrocarbons  beyond  hexane,  such  as  CyHj^  and  CgHjg,  nothing  need  be 
said  beyond  the  fact  that  the  formula  of  each  can  be  worked  out  from  the  general 
formula  CnH^n  +   2,  as  explained  on  p.  627. 

The  hydrocarbons  above  cited  are  of  interest  pharmaceutically  because  they  are 
constituents  of  natural  gas  and  of  the  petroleum  products,  and  these  we  will  now 
discuss. 

Natural  gas  is  chiefly  methane  combined  with  small  quantities  of  ethane  and 
oxygen.  It  is  found  in  pockets  beneath  the  surface  of  the  earth,  from  which  it  is 
extracted  by  drilling,  as  in  artesian  wells,  until  the  pocket  is  reached,  when  the  gas 
rushes  out  and  is  piped  to  places  where  it  is  desired  to  be  used.  The  city  of  Cleve- 
land is  furnished  with  natural  gas  brought  from  West  Virginia,  120  miles  away. 

Petroleum  is  a  thick,  greasy  liquid,  obtained  from  pockets  beneath 
the  earth  by  drilling,  as  in  the  case  of  natural  gas — in  fact,  the  two 
are  usually  associated.  The  chief  localities  in  which  petroleum  is 
obtained  are  Pennsylvania  and  the  Central  Western  States  (Ohio, 
Indiana,  West  Virginia),  Texas,  and  in  the  neighborhood  of  Baku, 
South  Russia. 

Petroleum  was  first  drilled  for  in  Venango  County,  Pennsylvania,  in  1859, 
although  the  oil  which  oozed  from  the  earth  was  known  by  the  Indians  two  hundred 
and  fifty  years  ago.  The  Russian  fields  have  been  worked  commercially  only  since 
the  Pennsylvania  fields  have  been  operated,  while  the  Texag  fields  were  opened  in 
1900. 

Petroleum  is  supposed  to  be  the  result  of  the  decomposition  of  decaying  fishy 
matter,  the  geological  explanation  of  the  limited  areas  where  found  being  that  in 
each  case  the  pockets  represent  some  sea  that  disappeared,  these  cataclysms  of 
nature  leaving  the  fishy  denizens  to  be  engulfed  beneath  masses  of  rock.  It  is 
interesting  to  note  that  the  destructive  distillation  of  products  other  than  fish  yield 
substances  similar  to  petroleum.  Thus  linseed,  on  being  submitted  to  such  dis- 
tillation, gives  a  petroleum-like  distillate. 

Of  the  petroleums,  that  of  Pennsylvania  and  adjoining  states  is  the  best,  the 
Russian  containing  sulphur,  which  must  be  removed  from  the  distillate  before  it 
can  be  used  for  fuel  or  light,  while  the  Texas  petroleum  contains  a  lesser  amount  of 
the  lower  boiling  products  and  contains  1.4  to  1.8  per  cent,  sulphur.  As  mentioned 
above,  the  process  of  extracting  petroleum  from  the  earth  is  very  simple,  consisting 
merely  of  driving  an  artesian  well,  and  when  the  bed-rock  is  reached,  exploding  the 
rocky  layer  with  nitroglycerin.  The  depth  of  this  rocky  layer  varies,  some  wells 
being  2600  feet  deep. 

When  the  free  petroleum  rushes  through  the  tube  to  the  earth's  surface,  it  is 
with  a  pressure,  more  or  less  great,  depending  on  the  amount  of  gas  mixed  with 
petroleum.  The  Russian  petroleum  is  said  to  be  much  more  gaseous  than  the 
American,  and  therefore  sprouts  to  a  greater  height,  some  rising  300  feet  at  first. 

The  Texas  petroleum  was  originally  under  great  pressure,  the  famous  Spindle 
Top  "Gusher"  of  Beaumont  spouting  originally  to  150  feet. 

At  first  the  gas  pressure  is  sufficient  to  cause  a  large  flow  of  petroleum;  in  fact, 
in  some  cases  the  difficulty  is  properly  to  control  the  flow.  After  flowing  a  while, 
however,  the  pressure  diminishes,  until  finally  recourse  must  be  had  to  pumps. 

Petroleum,  as  it  emerges  from  the  earth,  is  a  dark,  greasy  liquid  of 
disagreeable  odor.  This  forms  ^^ stone  oil,"  which  was  formerly  in 
considerable  esteem  medicinally  as  a  liniment.  Petroleum  is  pumped 
into  tanks  and  purified  from  extraneous  organic  matter  by  treatment 
with  sulphuric  acid.     The  petroleum  layer  is  then  distilled,  yielding: 

1.  Gases,  such  as  methane,  CH^,  and  ethane,  CjHg. 

2.  Rhigolene,  chiefly  C5H12,  boiling-point,  10°  C. 

3.  Gasoline  (benzin),  chiefly  C5H12  and  CgHj^,  boiling-point,  50°-60°  C. 
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Insurance  oil,  coal  oil,  etc.,  CjH^g,  CgH^g,  etc.,  boiling-point,  60°- 

100°  C. 

cT-     -J      4.14.         TTCJD~ir  Residue  left  after  distillation  of  the 

5.  Liquid  petrolatum,  U.  S,  P.  ^.^r.^  ,,^i  +;i^        *•  nnil 

f^    V.i.raUtun.  TT.  S   P.  more  volatile  portion.    They  are 


6.  Petrolatum,                U.  S.  P.  .  "^"^"  -..a....  H-^^iuxi      j.n^y  uxe 

7.  White  petrolatum,   U.  S.  P.  M  ^^P^^ated  from  each  other  by 
8    Paraffin  expression    and    distillation    m 

l  vacuo. 

Rhigolene  has  been  suggested  (on  account  of  its  great  volatility) 
as  a  local  anesthetic,  it  freezing  the  surface  on  which  it  is  sprayed. 
However,  ethyl  chloride  is  said  to  be  better  for  this  purpose. 

BENZrHfUM.     Petroleum  Benzin. 

A  distillate  from  American  petroleum  consisting  of  hydrocarbons,  chiefly  of 
the  marsh-gas  series  [C5H12,  C^H^t,  and  homologous  compounds].  It  should  be  care- 
fully kept  in  well-stoppered  bottles  or  tin  cans,  in  a  cool  place,  remote  from  lights 
or  nre. 

A  transparent,  colorless,  diffusive  liquid,  of  a  strong,  characteristic  odor,  slightly 
resembling  that  of  petroleum,  but  much  less  disagreeable,  and  having  a  neutral 
reaction.  Petroleum  benzin  is  highly  inflammable,  and  its  vapor,  when  mixed  with 
air  and  ignited,  explodes  violently. 

Specific  gravity:  0.638  to  0.660  at  25°  C.  (77°  F.). 

Insoluble  in  water;  soluble  in  about  6  parts  of  alcohol  and  readily  soluble  in  ether, 
chloroform,  benzene,  volatile  oils,  and  fixed  oils,  with  the  exception  of  castor  oil. 

Boiling-point:  45°  to  60°  C.  (113°  to  140°  F.). 

If  5  drops  of  Petroleum  Benzin  be  added  to  a  mixture  of  40  drops  of  sulphuric 
acid  and  10  drops  of  nitric  acid,  in  a  test-tube,  the  liquid  warmed  for  about  ten 
minutes,  and  then  set  aside  for  half  an  hour,  on  diluting  it,  in  a  shallow  dish,  with 
water,  it  should  not  evolve  the  bitter-almond-like  odor  of  nitrobenzene  (difference 
from,  and  absence  of,  benzene). 

The  synonym  for  this  important  substance  is  petroleum  ether, 
and  under  this  name  should  be  invariably  ordered,  for  the  commercial 
benzin  or  gasoline  consists  chiefly  of  higher  boiling  hydrocarbons 
of  petroleum. 

The  commercial  samples  examined  by  the  writer,  instead  of  dis- 
tilling over  at  50°  C,  as  directed  by  U.  S.  P.,  did  not  begin  to  boil 
until  85°  C.  was  reached,  while  practically  all  distilled  over  between 
95°  and  100°  C. 

Benzin  is  directed  by  the  pharmacopoeia  as  a  solvent  for  India- 
rubber  (when  mixed  with  equal  quantities  of  carbon  disulphide),  and 
is  thus  used  in  making  mustard  paper.  Its  value  as  a  remover  of 
grease-spots  is  well  known. 

BENZINUM   PURIFICATUM.     Purified  Petroleum  Benzin. 

Recipe. — Potassitun  Permanganate,  ten  grammes 10  Gm. 

Sodiiun  Hydroxide,  two  grammes 2  Gm. 

Sulphuric  Acid,  sixty  cubic  centimeters 60  Co. 

Petroleum  Benzin,  one  thousand  cubic  centimeters.  1000  Co. 
Water,  a  sufficient  quantity. 

Add  the  Acid  to  five  hundred  and  fifty  cubic  centimeters  of  Water,  and  when  the 
mixture  has  become  cold,  pour  it  into  a  bottle  having  the  capacity  of  about  two  liters. 
Add  eight  grammes  of  Potassium  Permanganate  and  agitate  until  it  is  dissolved,  then 
add  the  Petroleum  Benzin,  in  four  portions,  shaking  the  liquid  after  each  addition. 
Allow  the  liquids  to  remain  in  contact  for  twenty-four  hours,  shaking  the  bottle  at 
frequent  intervals;  then  decant  the  Petroleum  Benzin  into  another  bottle  of  the  same 
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capacity,  and  having  dissolved  two  grammes  of  Potassium  Permanganate  in  two 
hundred  and  forty  cvbic  centimeters  of  Water,  in  which  the  Sodium  Hydroxide  has 
previously  been  dissolved,  mix  the  liquids  and  agitate  the  mixture  frequently  during 
several  hours,  then  decant,  repeat  the  washing  with  Water,  and  again  decant  the 
Purified  Petroleum  Benzin. 

On  evaporating  10  Cc.  of  Purified  Petroleum  Benzin  from  a  piece  of  clean  filtering 
paper  no  greasy  stain  should  remain,  and  the  odor  should  not  be  disagreeable  or 
notably  sulphuretted;  no  residue  should  be  left  upon  evaporating  Purified  Petroleum 
Benzin  from  a  warmed  dish  (absence  of  heavy  hydrocarbons). 

When  it  is  boiled  for  a  few  minutes  with  one-fourth  its  volume  of  spirit  of  am- 
monia and  a  few  drops  of  silver  nitrate  T.S.,  the  Uquid  should  not  turn  Drown  (ab- 
sence of  pyrogenous  products  and  sulphur  compounds). 

Purified  Petroleum  Benzin  should  have  an  ethereal  or  faint  petroleum-like  odor, 
and  should  respond  to  the  tests  given  under  Benzinum. 

Remarks. — This  represents  the  crude  petroleum  ether  free  from 
other  matter  by  oxidation  with  permanganate.  It  is  directed  for  use 
by  the  present  pharmacopoeia  as  a  solvent  for  the  caoutchouc-like 
constituent  of  lactucarium  in  the  manufacture  of  tincture  of  lactu- 
carium.  Also  for  the  removal  of  the  odorous  principles  of  opium  in 
making  tincture  of  deodorized  opium. 

Gasoline  in  commerce  is  a  term  used  synonymously  with  benzin,  its  chief  use  being 
for  burning  in  the  so-called  vapor  stoves.  The  various  illuminating  oils,  such  as 
insurance  oil,  coal-oil,  kerosene,  headlight  oil,  and  astral  oil,  are  petroleum  products 
distilling  over  between  60°  and  150°  C.  The  higher  the  boiling-point,  the  safer  is 
such  an  oil;  as  a  matter  of  fact,  the  use  of  the  lower  boiling  oils,  such  as  benzin  and 
gasoline,  are  dangerous,  especially  in  wick  lamps.  As  the  last  two  are  cheaper  than 
the  higher  boiling  oils,  because  more  abundant,  they  are  used  to  adulterate  the  higher 
boiling  oils.  To  detect  such  adulteration  has  been  devised  the  so-called  "flash  test," 
which  consists  in  heating  the  sample  in  an  appropriate  apparatus  and  noting  at  what 
temperature  the  sample  gives  off  inflammable  vapors.  Thus  kerosene  oil  has  a  flash 
test  of  45°  C;  that  is,  its  vapors  should  not  ignite  until  the  oil  is  heated  to  that  tem- 
perature. 

On  the  other  hand  the  flash  test  of  astral  oil  is  about  150°  C. 

The  first  distillate  of  these  bodies  is  always  impure,  and  must  be  purified  by 
treatment  with  sulphuric  acid  and  redistillation. 

The  pharmaceutic  products,  liquid  petrolatum,  soft  petrolatum,  and 
hard  petrolatum,  are  obtained  from  the  residue  after  distillation. 
This  residue  is  distilled  in  vacuo,  and  according  to  its  consistence 
forms  hard  or  soft  petrolatum,  the  latter  having  been  introduced  by 
Robert  Chesebrough  in  1871  under  the  name  of  ^'vaseline."  If,  on 
the  other  hand,  the  purified  residue  is  chilled  and  then  expressed,  the 
limpid  oil  flows  out,  forming  liquid  petrolatum,  U.  S.  P.,  while  the 
residue  is  the  commercial  paraffin.  The  purification  of  the  product 
in  each  case  is  accomplished  by  filtration  through  animal  charcoal. 

PETROLATUM   LIQUIDUM.     Liquid  Petrolatum. 

A  mixture  of  hydrocarbons,  chiefly  of  the  methane  series,  obtained  by  distilling 
off  most  of  the  lighter  and  more  volatile  portions  from  petroleum,  and  purifying  the 
liqviid  residue. 

A  colorless  or  very  slightly  yellowish,  oily,  transparent  liquid,  without  odor 
or  taste,  but  giving  off,  when  heated,  a  faint  odor  of  petroleum. 

Specific  gravity:  about  0.870  to  0.940  at  25°  C.  (77°  F.). 

It  is  insoluble  in  water;  scarcely  soluble  in  cold  or  hot  alcohol,  or  in  cold  absolute 
alcohol,  but  soluble  in  boiling  absolute  alcohol,  and  readily  soluble  in  ether,  chloro- 
form, carbon  disulphide,  oil  of  turpentine,  petroleum  benzin,  benzene,  and  fixed 
or  volatile  oils. 
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When  heated  on  platinum  foil,  Liquid  Petrolatum  is  completely  volatilized  with- 
out emitting  acrid  vapors. 

If  a  test-tube  be  half  filled  with  Liquid  Petrolatum  and  a  piece  of  moistened  blue 
litmus-paper  be  introduced,  upon  shaking  the  liquid  vigorously  the  paper  should  not 
be  reddened  (absence  of  acid  impurities). 

In  other  respects  Liquid  Petrolatum  has  the  characteristics  of,  and  should  respond 
to,  the  tests  given  under  Petrolatum. 

Liquid  petrolatum  has  now  considerable  use  as  the  basis  of  atomizing 
fluids.  The  pharmacopoeia  directs  colorless  or  a  very  slightly  yellow- 
ish, oily,  transparent  liquid,  but  it  is  good  pharmacy  invariably  to 
dispense  in  prescriptions  the  colorless  product,  such  as  "liquid  albo- 
Icne."  The  solvent  powers  of  liquid  petrolatum  are  limited  to  the 
phenols,  such  as  menthol,  thymol,  and  to  a  few  of  the  organic  chem- 
icals. 

PETROLATUM.     Petrolatum. 

[Peteolatum  Molle,  Petrolatum  Spissum,  Pharm.  1890] 

A  mixture  of  hydrocarbons,  chiefly  of  the  methane  series,  obtained  by  distilling 
off  the  lighter  and  more  volatile  portions  from  petroleum,  and  purifying  trie  residue. 

An  unctuous  mass,  of  about  the  consistence  of  an  ointment,  varying  in  color 
from  yellowish  to  light  amber,  having  not  more  than  a  slight  fluorescence,  even  after 
being  melted,  transparent  in  thin  layers,  completely  amorphous;  without  odor  or 
taste,  but  giving  off,  when  heated,  a  faint  petroleum-like  odor. 

If  a  portion  of  Petrolatum  be  liquefied  and  brought  to  a  temperature  of  60°  C. 
(140°  F.),  it  should  have  a  specific  gravity  of  from  0.820  to  0.850. 

Petrolatum  is  insoluble  in  water;  scarcely  soluble  in  cold  or  hot  alcohol,  or  in 
cold,  absolute  alcohol,  but  soluble  in  boiling  absolute  alcohol,  and  readily  soluble  in 
ether,  chloroform,  carbon  disulphide,  oil  of  turpentine,  petroleum  benzin,  benzene, 
and  fixed  or  volatile  oils. 

The  melting-point  of  Petrolatum  ranges  between  45°  and  48°  C.  (113°  and 
118.4°  F.).  If  heated  on  platinum  foil  to  a  still  higher  temperature,  Petrolatum 
should  be  completely  volatilized  without  emitting  any  acrid  odor. 

If  melted  Petrolatum  be  well  shaken  with  water,  the  latter  should  not  redden 
blue  litmus-paper. 

If  10  Gm.  of  Petrolatum  be  digested  at  100°  C.  (212°  F.)  for  half  an  hour  with 
10  Gm.  of  sodium  hydroxide  and  50  Cc.  of  water,  the  aqueous  layer  separated  and 
supersaturated  with  sulphuric  acid,  no  oily  or  solid  substance  should  separate  (ab- 
sence of  fixed  oUs  or  fats  of  animal  or  vegetable  origin  and  of  rosin). 

If  2  volumes  of  concentrated  sulphuric  acid  be  added  to  1  volume  of  melted 
Petrolatum  in  a  test-tube  placed  in  hot  water,  and  the  contents  occasionally  agitated 
during  fifteen  minutes,  the  acid  should  not  acquire  a  deeper  tint  than  brown  nor  lose 
its  transparency  (limit  of  readily  carbonizable  organic  impurities). 

Remarks. — Under  the  heading  Petrolatum  the  present  pharma- 
copoeia includes  the  hard  and  soft  petrolatum  of  the  pharmacopoeia 
of  1890.  Soft  petrolatum  is  the  well-known  form  of  petroleum  jelly, 
appearing  in  commerce  under  the  trade  names  of  vaseline,  cosmoline, 
saxoline,  etc. 

PETROLATUM  ALBUM.     White  Petrolatum. 

A  colorless  mixture  of  hydrocarbons,  chiefly  of  the  methane  series,  obtained  by 
distilling  off  the  lighter  and  more  volatile  portions  from  petroleum,  and  purifying  the 
residue. 

A  white,  unctuous  mass  of  about  the  consistence  of  an  ointment,  transparent  in 
thin  layers,  completely  amorphous;  without  odor  or  taste.  In  other  respects  White 
Petrolatum  has  the  characteristics  of,  and  should  respond  to,  the  tests  given  under 
Petrolatum. 

Remarks. — While  the  pharmacopoeia  of  1890  permitted  the 
dispensing,  under  the  title  "petrolatum,"  either  the  white  or  the  pale 
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yellow  variety,  the  present  pharmacopoeia  distinguishes  between  the 
white  and  the  yellow  as  above  described. 

White  petrolatum  represents  a  special  form  of  solid  petrolatum 
obtained  from  Russian  petroleum.  It  was  originally  introduced  in 
this  country  under  the  name  of  alholene.  Incidentally,  it  might  be 
mentioned  that  the  colorless  liquid  petrolatum  is  technically  termed 
"Russian  White  Oil." 

A  cheap  form  of  white  petrolatum,  made  by  dissolving  paraffin 
in  liquid  petrolatum  in  varying  quantities,  has  been  put  on  the 
market.  This,  however,  should  never  be  used,  as  on  standing  it 
invariably  becomes  lumpy,  due  to  separation  of  the  paraffin. 

These  petroleum  jellies  are  used  as  ointment  bases,  possessing  over 
lard  and  other  fats  the  great  advantage  of  not  turning  rancid.  Because 
of  their  greasy  character,  these  jellies  are  usually  grouped  among  the 
animal  and  vegetable  fats,  but  from  these  the  petroleum  products 
differ  entirely,  the  latter  being  the  glycerin  derivatives  of  oleic, 
stearic,  and  palmitic  acids;  their  rancidity  is  due  to  their  decomposi- 
tion, with  liberation  of  the  fatty  acids  just  named.  This  is,  of  course, 
impossible  with  petrolatum,  which  is  a  mixture  of  the  hydrocarbons, 
and,  like  all  hydrocarbons,  are  not  easily  decomposed,  even  by  chemi- 
cals. In  fact,  the  halogens  are  about  the  only  substances  which  will 
combine  directly  with  the  hydrocarbons. 

This  chemical  stability  is  of  great  advantage  in  so  far  as  the  absence 
of  rancidity  is  concerned,  but,  on  the  other  hand,  in  making  ointments, 
its  stability  is  in  some  cases  disadvantageous.  Thus,  physicians 
sometimes  prescribe  alkalis  with  fats,  with  the  intention  of  securing  a 
form  of  soap.  If,  instead  of  the  animal  or  vegetable  fat,  the  physician 
prescribes  a  petrolatum  product,  the  same  results  are  not  obtained 
and  an  unsightly  mixture  occurs.  An  example  of  this  is  found  in 
prescriptions  (p.  1082). 

Another  drawback  to  the  use  of  petroleum  jelly  as  an  ointment 
base  is  the  fact  that  it  is  by  no  means  as  easily  absorbed  by  the  skin 
as  are  the  animal  or  vegetable  fats. 

PARAFFINUM.     Paraffin. 

A  mixture  of  solid  hydrocarbons,  chiefly  of  the  methane  series;  usually  obtained 
by  chilling  and  pressing  the  distillates  from  petroleum  having  high  boilmg-points, 
and  purifying  the  solid  press  cake  so  obtained. 

A  colorless,  more  or  less  translucent  mass,  crystalline  when  separating  from  solu- 
tion; without  odor  or  taste  and  slightly  greasy  to  the  touch. 

Specific  gravity:  from  0.890  to  0.905  at  25°  C.  (77°  F.). 

Insoluble  in  water  or  alcohol;  slightly  soluble  in  absolute  alcohol;  readily  soluble 
in  ether,  petroleum  benzin,  benzene,  carbon  disulphide,  volatile  oils,  and  in  warm 
fixed  oils. 

Its  alcoholic  solution  should  not  redden  moistened  blue  litmus-paper. 

When  heated  it  melts  at  from  51.6°  to  57.2°  C.  (125°  to  135°  F.),  and  on  stronger 
heating  ignites,  burning  with  a  luminous  flame  and  depositing  carbon,  but  leaving 
no  permanent  residue. 

If  0.5  Gm.  of  Paraffin  be  heated  in  a  dry  test-tube  with  an  equal  weight  of  sulphur, 
the  mixture  will  become  black  from  the  separated  carbon,  with  the  evolution  of 
hydrogen  sulphide  gas. 

Paraffin  is  not  acted  upon  or  colored  by  concentrated  sulphuric  acid  or  nitric  acid 
in  the  cold. 

If  0.5  Gm.  of  Paraffin  be  heated  and  0.1  Gm.  of  powdered  fuchsin  added  to  the 
fused  mass,  the  latter  should  not  assume  a  pink  or  red  color  (absence  of  stearic  add). 
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Remarks.— F&TSiGin  consists  of  the  hydrocarbons  from  C^Ji^o  to 
CzyHga,  or  possibly  four  times  the  formula  just  given.  It  has  of  late 
come  into  extensive  use  for  such  purposes  as  making  wax-paper, 
candles,  and  for  the  polishing  of  floors  and  other  wood. 

Like  the  liquid  and  soft  petrolatums,  it  is  practically  impervious  to 
ordinary  chemicals.  It  can  even  be  boiled  with  concentrated  sulphuric 
acid  without  any  change  in  its  properties,  this  test  being  employed 
in  examining  beeswax  to  see  if  adulterated  with  paraffin  (p.  740). 

Cerasin  is  a  purified  form  of  ozokerite,  a  paraffin-like  substance  mined  in  Galicia. 

The  compounds  of  methane  of  pharmaceutic  interest  are: 

Methyl  chloride CH3CI. 

Chloroform,  U.  S.  P CHCL. 

Bromoform,  U.  S.  P CHBra. 

Iodoform,  U.  S.  P CHI3. 

Methyl  alcohol CH3OH. 

Formic  acid HCOOH. 

Formaldehyde HCHO. 

Solution  of  formaldehyde,  U.  S.  P.,  contains  37  per  cent HCHO. 

Methyl  saUcylate,  U.  S.  P CH3C7H5O3. 

Methyl  Chloride  (CH3CI). — This  is  made  by  treating  methyl  alcohol  with  hydro- 
chloric acid  in  the  presence  of  zinc  chloride  (Grove's  method),  the  zinc  chloride  being 
used  as  a  dehydrator — that  is,  to  remove  the  water.  It  is  now  produced  commercially 
from  scMemp,  or  the  refuse  in  the  beet  sugar  manufacture.  Methyl  chloride  is  a 
colorless  gas,  and  is  put  upon  the  market  in  liquid  form  which  boils  at  22°  C,  made 
by  compressing  the  gas,  and  is  used  as  a  solvent  in  perfumery  and  in  synthesis  of 
dye-stuffs.  Its  medicinal  use  is  for  the  purpose  of  producing  local  anesthesia,  by 
directing  it  in  a  stream  upon  the  part  desired  to  become  benumbed,  as  was  the  case 
in  rhigolene. 

CHLOROFORMUM.     Chloroform. 

A  liquid  consisting  of  99  to  99.4  per  cent.,  by  weight,  of  absolute  Chloroform 
[CHCl3  =  118.45]  and  0.6  to  1  per  cent,  of  alcohol.  It  should  be  kept  in  dark  amber- 
colored,  glass-stoppered  bottles,  in  a  cool  and  dark  place. 

A  heavy,  clear,  colorless,  mobile  and  diffusible  liquid,  of  a  characteristic,  ethereal 
odor,  and  a  burning,  sweet  taste. 

Specific  gravity:  not  below  1.476  at  25°  C.  (77°  F.). 

Soluble  in  about  200  times  its  volume  of  cold  water,  and,  in  all  proportions,  in 
alcohol,  ether,  benzene,  petroleum  benzin,  and  the  fixed  and  volatile  oils. 

Chloroform  is  volatile  even  at  a  low  temperature  and  boils  at  60°  to  61°  C. 
(140°  to  141.8°  F.).  It  is  not  inflammable,  but  its  heated  vapor  burns  with  a  green 
flame. 

If  10  Cc.  of  Chloroform  be  poured  upon  a  piece  of  clean,  odorless  filter-paper 
laid  flat  upon  a  warmed  glass  plate,  and  the  plate  be  rocked  from  side  to  side  until 
the  liquid  is  all  evaporated,  no  foreign  odor  should  become  perceptible  as  the  last 
portions  disappear  from  the  paper,  and  the  paper  should  be  left  odorless. 

If  10  Cc.  of  Chloroform  be  well  shaken  with  20  Cc.  of  distilled  water,  and  the 
liquid  be  allowed  to  separate  completely,  the  water  should  be  neutral  to  litmus-paper, 
and  should  not  be  affected  by  silver  nitrate  T.S.  (absence  of  chlorides)  nor  colored 
by  potassium  iodide  T.S.  (absence  of  free  chlorine). 

If  40  Cc.  of  chloroform  be  shaken  with  4  Cc.  of  colorless,  concentrated  sulphuric 
acid  in  a  50  Cc.  glass-stoppered  cylinder  during  twenty  minutes,  and  the  liquids  be 
then  allowed  to  separate  completely,  so  that  both  are  transparent,  the  chloroform 
should  remain  colorless,  and  the  acid,  should  appear  colorless,  or  very  nearly  colorless, 
when  seen  in  a  stratum  of  not  less  than  15  Mm.  in  thickness  (absence  of  impurities 
decomposable  by  sulphuric  add). 

If  2  Cc.  of  the  sulphuric  acid,  separated  from  the  Chloroform,  be  diluted  with 
5  Cc.  of  distilled  water,  the  liquid  should  be  colorless  and  clear,  and,  while  hot  from 
the  mixing,  should  be  odorless,  or  give  but  a  faint  vinous  or  ethereal  odor  (absence 
of  odorous  decomposition  products).    When  further  diluted  with  10  Cc.  of  distilled 
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water,  it  should  remain  clear  and  should  not  be  affected  by  silver  nitrate  T.S.  (ab- 
sence of  chlorinated  decomposition  compounds). 

Remarks. — Chloroform  was  discovered  by  Dr.  Guthrie,  of  Jewetts- 
ville,  N.  Y.,  in  1831,  and  was  considered  merely  as  an  interesting 
chemical  specimen  until  after  the  discovery  of  anesthesia  by  Long 
in  1842,  when  it  was  discovered  that  chloroform  could  be  used  for 
that  purpose  as  well  as  could  ether,  and  since  that  time  it  has  been 
of  untold  benefit  in  alleviating  suffering  attendant  upon  surgical 
operations. 

Chloroform  is  made  by  treating  alcohol  with  chlorinated  lime. 
Chlorinated  lime  is,  as  learned  on  p.  392,  a  loose  combination  of 
chlorine  and  the  alkali,  lime;  chlorine  acting  on  alcohol  gives  chloral, 
as  will  be  learned  on  p.  668,  and  chloral  in  contact  with  an  alkali 
gives  chloroform. 

As  this  method  of  manufacture  is  so  similar  to  that  of  chloral, 
full  explanation  of  the  process  had  best  be  left  until  we  consider  that 
chemical.  The  same  applies  to  the  manufacture  of  a  very  pure  chloro- 
form by  treatment  of  chloral  with  an  alkali. 

Of  recent  years  a  large  amount  of  chloroform  has  been  produced 
by  the  so-called  acetone  process,  patented  by  Michaelis,  in  which 
acetone  is  treated  with  chlorinated  lime  in  the  same  way  as  in  the 
alcohol  process,  the  advantage  of  the  acetone  process  over  the  alcohol 
process  being  that  the  yield  is  very  good,  about  200  per  cent.,  and 
the  product  much  purer  than  that  yielded  by  the  alcohol  process. 
Equation  showing  the  acetone  process  is  as  follows: 

2(CH3)2CO     +     3Ca(OCl)2     =     2CHCI3     +     2Ca(OH)2     +     CaCQHaOa)^. 

The  chloroform  for  anesthesia  is  always  purified  by  treatment 
with  sulphuric  acid  and  redistillation. 

Another  method  of  obtaining  absolutely  pure  chloroform  is  that  of  Pictet. 
Chloroform  solidifies  at  80°  C,  whereas  all  the  other  impurities  are  solidified  at  70°  C. 
Therefore,  the  mixture  is  subjected  to  a  temperature  of  70°  C,  and  the  still  liquid 
chloroform  poured  off  from  the  frozen  impurities. 

A  very  delicate  test  for  chloroform  is  the  so-called  isonitrile  reac- 
tion, this  consisting  of  treating  the  chloroformic  liquid  with  an  amido- 
compound  (for  example,  aniline)  in  the  presence  of  an  alkali,  when 
the  disgusting  odor  of  the  poisonous  gas,  phenyl  (or  some  other) 
isonitrile  (CgHsNC)  is  evolved.  This  test  is  interesting  as  being 
equally  valuable  for  identifying  the  amines,  any  of  which  can  be 
employed  in  place  of  aniline.  The  equation  showing  the  reaction 
is  as  follows: 

CeH^NRj     +     CHCI3     +     3K0H     =     CeH^NC     +     3KC1     +     ZRfi. 

It  will  be  noticed  that  the  pharmacopoeia  permits  the  presence  of 
1  per  cent,  of  alcohol,  this  being  added  to  preserve  same,  it  being 
found  that  pure  chloroform  decomposes.  The  fact  that  chloroform 
does  undergo  decomposition  renders  it  necessary  for  the  pharmacist 
to  assure  himself  that  the  chloroform  he  dispenses  for  anesthesia  is 
strictly  pharmacopceial,  for  should  a  death  result  during  anesthesia, 
one  of  the  first  things  done  by  the  physician  is  to  investigate  the 
purity  of  the  chloroform,  and  if  found  impure,  it  will  prove  very 
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disastrous  to  the  reputation  of  the  pharmacist  dispensing  same. 
Hence  every  sample  of  chloroform  should  be  carefully  tested  according 
to  the  pharmacopoeia  for  chlorinated  products  and  for  empyreuma. 

A  very  simple  and  satisfactory  test  for  empyreuma  is  the  sulphuric 
acid  test:  when  a  layer  of  chloroform  is  poured  upon  pure  sulphuric 
acid,  no  coloration  should  take  place  at  point  of  contact.  A  simple 
test  for  acidity  in  chloroform  is  the  fact  that  pure  chloroform  does  not 
attack  a  cork  of  a  container.  If,  therefore,  the  cork  softens  or  becomes 
yellow,  it  is  a  sure  indication  of  the  presence  of  acid.  Of  course,  the 
accurate  test  for  acidity  is  by  the  use  of  litmus-paper. 

Chloroform  allowed  to  vaporize  in  the  presence  of  artificial  light 
or  heat  becomes  oxidized,  the  reaction  being: 

CHCI3    +    O     =    HCl     +    COCl,. 

/From\ 
V  air.   / 

The  latter  body,  COClj  (called  phosgene),  has  a  very  disagreeable 
odor  and  is  poisonous,  hence  it  is  a  dictum  in  surgery  that  a  patient 
should  never  be  anesthetized  by  any  artificial  light  except  electric. 

Besides  this  employment,  as  an  anesthetic  by  inhalation,  chloro- 
form is  used  internally  as  a  sedative  and  externally  as  a  rubefacient. 

Dose. — 0.3  Cc.  (5  minims). 

BROMOFORMUM.     Bromoform. 

A  liquid  consisting  of  99  per  cent.,  by  weight,  of  absolute  Bromoform  [CHBr,  = 
250.99]  and  1  per  cent,  of  absolute  alcohol.  It  should  be  kept  in  dark  amber-colored, 
glass-stoppered  bottles,  in  a  cool  place,  protected  from  light. 

A  heavy,  transparent,  colorless,  mobile  liquid,  with  an  ethereal  odor,  and  a  pene- 
trating, sweet  taste  resembling  that  of  chloroform. 

Specific  gravity:  2.808  at  25°  C.  (77°  F.). 

Very  slightly  soluble  in  water,  but  soluble  in  all  proportions  in  alcohol,  ether, 
benzene,  petroleum  benzin,  and  in  the  fixed  and  volatile  oils. 

Bromoform  is  slightly  volatile  at  ordinary  temperatures,  boils  at  148°  C.  (298.4° 
F.),  and  sohdifies  at  6°  C.  (42.8°  F.). 

It  is  not  inflammable,  but  when  vaporized  by  the  application  of  heat  its  vapor 
may  be  burned. 

If  10  Cc.  of  Bromoform  be  evaporated  in  a  dish  over  a  naked  flame,  no  solid 
residue  should  remain. 

If  10  Cc.  of  Bromoform  be  well  shaken  with  10  Cc.  of  distilled  water,  and  the 
liquids,  upon  standing,  be  allowed  to  separate  completely,  the  water  removed  from 
the  layer  of  Bromoform  should  be  neutral  to  blue  litmus-paper  (absence  of  free  acid), 
and  a  portion  should  not  produce  a  turbidity  when  treated  with  silver  nitrate  T.S. 
(absence  of  bromides  and  brominated  compounds),  and  another  portion  treated  with 
potassium  iodide  T.S.  should  not  be  tinted  blue  upon  the  addition  of  starch  T.S. 
(absence  of  free  bromine). 

If  10  Cc.  of  Bromoform  be  well  shaken  with  10  Cc.  of  distilled  water,  and  the 
liquids,  upon  standing,  be  allowed  to  separate  completely,  the  water  removed  from 
the  Bromoform,  treated  with  an  excess  of  ammonia  water,  and  then  with  a  solution 
of  iodine  and  ammonium  iodide  until  the  black  precipitate  of  nitrogen  iodide,  which 
may  sometimes  form,  slowly  disappears,  it  should  not  become  milky  in  appearance, 
due  to  the  separation  of  iodoform,  which  may  be  recognized  by  its  odor  (absence  of 
acetone). 

Remarks. — This  new  official  is  made  by  treating  alcohol  with 
bromine  in  the  presence  of  an  alkali  and  distilling  the  bromoform 
resulting  from  the  reaction.  Bromoform  has  been  recommended 
as  a  sedative,  particularly  in  whooping-cough. 

Dose. — 0.2  Cc.  (3  minims). 


V 
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lODOFORMUM.     Iodoform. 

CHI3  =  390.61 

Triiodomethane,  usually  obtained  by  the  action  of  iodine  upon  alcohol,  in  the 

Eresence  of  an  alkali  or  alkali  carbonate.  Iodoform  should  be  kept  in  well-stoppered 
ottles,  in  a  cool  and  dark  place. 

A  fine,  lemon-yellow  powder  or  lustrous  crystals  of  the  hexagonal  system,  having 
a  peculiar,  very  penetrating  and  persistent  odor,  and  an  unpleasant,  slightly  sweetish 
and  iodine-like  taste. 

Soluble  in  9391  parts  of  water,  to  which  it  imparts  its  odor  and  taste,  in  46.7  parts 
of  alcohol,  and  in  5.2  parts  of  ether  at  25°  C.  (77°  F.);  soluble  in  about  12  parts  of 
boiling  alcohol;  soluble  in  chloroform  and  fixed  and  volatile  oils;  slightly  soluble  in 
petroleum  benzin. 

Digest  in  a  porcelain  dish  0.1  Gm.  of  Iodoform  with  5  Cc.  of  an  alcoholic  solution 
of  potassium  hydroxide  (1  in  20)  until  it  is  dissolved,  evaporate  to  dryness  on  a 
water-bath,  dissolve  the  residue  in  5  Cc.  of  distilled  water,  add  2  Cc.  of  Chloroform 
and  an  excess  of  nitric  acid,  and  shake  the  mixture;  the  chloroform  will  assume  an 
intense  violet  color. 

Its  solutions  in  neutral  solvents  are  neutral  to  litmus-paper. 

Iodoform  is  slightly  volatile,  even  at  ordinary  temperatures,  and  in  boiling  water 
distils  slowly  with  the  vapor  of  water.  At  about  1 15°  C.  (239°  F.)  it  melts  to  a  brown 
liquid,  and  at  a  higher  temperature  emits  vapors  of  iodine,  leaving  behind  a  carbon- 
aceous mass,  which,  upon  full  combustion,  should  leave  not  more  than  0.1  per  cent, 
of  residue  (limit  of  fixed  impurities). 

On  being  dried  over  sulphuric  acid,  the  loss  in  weight  should  not  exceed  1  per 
cent. 

If  2  Gm.  of  Iodoform  be  thoroughly  shaken  with  10  Cc.  of  water,  the  filtrate 
should  be  colorless  and  free  from  bitter  taste  (absence  of  soluble  yellow  coloring  matters, 
picric  add,  etc.);  it  should  not  affect  the  color  of  litmus-paper  (absence  of  free  acids), 
nor  should  it  be  rendered  more  than  faintly  opalescent  by  silver  nitrate  T.S.  (absence 
of  soluble  iodides). 

Remarks. — Iodoform  is  a  product  chemically  very  similar  to 
chloroform. 

Chloroform  is  trichlor methane;  iodoform  is  tri-iodomethane.  A 
graphic  comparison  may  be  useful: 

Methane.  Chloroform.  Iodoform. 

(CH,)  (CHCI3)  (CHI3) 

H  H  H 

I  I  i 

H— C— H  CI— C— CI  I— C— I 

I  I  I 

H  CI  I 

Iodoform  is  made  by  treating  alcohol  with  th^  iodine  in  the  presence 
of  an  alkali,  the  reaction  being  as  follows:      ~* 

(Alcohol).  Iodine.  lodal.  Hydriodic  acid. 

CjH^OH         -f-  Ig  =         CI3CHO         +  SHI. 

lodal.  Potassium  Iodoform.  Potassium 

hydroxide.  formate. 

CI3CHO         -f-         KOH         =  CHI3  -I-         HCOOK. 

It  will  be  seen  in  the  above  reaction  that  only  three  of  the  eight 
atoms  of  iodine  employed  are  converted  into  iodoform,  the  other  five 
forming  hydriodic  acid.  In  view  of  the  high  cost  of  iodine  such  waste 
cannot  be  permitted,  and,  therefore,  chlorine  is  passed  through  the 
reacting  liquid,  with  the  formation  of  HCl  and  liberation  of  iodine, 
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the  five  atoms  of  which  are  in  time  converted  into  iodoform.  In 
practice,  potassium  bicarbonate  is  the  alkali  employed  in  the  above 
reaction. 

The  manufacture  of  iodoform,  by  the  way,  affords  an  excellent 
test  for  alcohol,  even  when  present  in  minute  proportions.  To  the 
alcoholic  liquid  is  added  a  grain  or  so  of  iodine  and  a  few  drops  of 
solution  of  potassa,  and  the  mixture  is  gently  warmed.  If  there 
settles  out  a  yellow  precipitate  of  the  characteristic  iodoform  odor, 
the  liquid  contains  alcohol. 

Iodoform,  which  was  discovered  by  Serullas  in  1822,  is  one  of 
the  most  valuable  antiseptics,  the  sole  objection  to  its  use  being  its 
very  disagreeable  odor.  Many  efforts  are  noted  in  pharmaceutic 
journals  for  masking  this  odor,  but  none  have  proved  satisfactory, 
about  the  most  successful  masker  being  coumarin. 

The  antiseptic  properties  of  iodoform  being  due  to  iodine,  several 
odorless  iodine  preparations  have  been  put  on  the  market  as  substi- 
tutes for  iodoform,  but  none  have  met  with  very  striking  success. 
The  most  popular  of  these  iodoform  substitutes  are  iodol  (p.  753)  and 
aristol  (p.  801),  and  neither  of  these  can  approach  iodoform  in  actual 
percentage  of  iodine.  Iodoform  contains  96  per  cent,  of  iodine,  as  an 
estimation  of  the  molecular  weight  will  show,  while  iodol  contains 
84  per  cent,  and  aristol  contains  46  per  cent. 

Dose. — 250  milligrammes  (4  grains). 

Methyl  alcohol  (CH3OH)  was  obtained  by  Robert  Boyle  in  1661  as  a  product  in 
the  destructive  distillation  of  wood.  By  reason  of  its  source  its  common  name  is 
wood  alcohol,  while  a  purer  form  of  wood  alcohol  has  been  put  on  the  market  under 
the  trade  name  of  Columbian  spirits. 

Of  theoretic  interest  is  the  manufacture  of  wood  alcohol  from  methyl  salicylate 
or  oil  of  wintergreen,  this  product  being  treated  with  sodium  hydroxide,  yielding 
sodium  salicylate  and  methyl  hydroxide  or  wood  alcohol  (p.  785). 

The  commercial  manufacture,  however,  is  by  the  destructive  distillation  of  wood. 
Wood  cut  into  billets,  placed  in  iron  retorts,  and  heated,  yields,  besides  gases,  a  tarry 
liquid  called  wood  vinegar,  or  crude  pyroligneous  acid,  which  consists  of  a  mixture 
of  methyl  alcohol,  acetone,  acetic  acid,  and  a  large  number  of  other  products. 

In  the  distillation,  temperature  beyond  218°  C.  is  vmnecessary,  the  yield  of  dis- 
tillate being  no  greater  at  the  higher  temperature,  while  at  the  temperature  just 
stated  the  product  contains  much  less  empyreuma,  the  last  word  meaning  the  tarry 
odor  possessed  by  organic  bodies  which  have  been  subjected  to  destructive  distilla- 
tion. 

From  the  crude  distillate  acetic  acid  is  first  removed  by  treatment  with  lime  or 
chalk,  forming  calcium  acetate.  The  product  is  then  treated  with  calcium  chloride, 
which  causes  the  wood  alcohol  to  crystallize  out  in  a  body,  CaCljCHjOH.  From  these 
crystals  wood  alcohol  is  obtained  by  distillation,  while  acetone  is  gotten  from  the 
filtrate  by  special  treatment,  to  be  mentioned  later. 

Wood  alcohol  is  a  valuable  solvent,  and  has  been  suggested  for  use.  in  external 
preparations  and  for  such  preparations  as  extracts,  from  which  the  solvent  is  event- 
ually evaporated. 

Chemically  pure  wood  alcohol  is  said  to  be  non-toxic,  but  ordinary  commercial 
wood  alcohol  should  never  be  used  as  a  solvent  for  internal  preparations,  for  recently, 
in  various  sections  of  the  country,  the  employment  of  essence  of  ginger  from  wood 
alcohol  has  resulted  in  blindness  of  the  unfortunate  tipplers. 

In  a  suit  brought  by  one  of  the  victims  it  was  claimed  that  the  disastrous  effect 
was  due  not  to  the  methyl  alcohol,  but  to  the  furfurol  it  contains. 

By  reason  of  the  disastrous  effects  of  the  administration  of  wood  alcohol  the  use 
of  this  chemical  in  preparations  for  internal  use  is  prohibited  in  many  states  and  by 
the  National  Pure  Food  Law,  and  the  present  pharmacopoeia  gives  specific  warning 
of  its  presence  in  grain  alcohol,  prescribing  a  test  for  its  detection. 

Methyl  ether,  (€113)20,  is  unofficial,  and  is  mentioned  only  as  the  first  representa- 
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tive  of  the  class  of  ethers  regarding  which  full  explanation  will  be  given  when  con- 
sidering the  official  ethyl  ether  (p.  657). 

Methyl  ether  is  made  by  treating  wood  alcohol  with  sulphuric  acid,  and  is  quite 
popular  in  certain  sections  of  Ireland  as  a  tipple. 

Methyl  Salicylate. — This  is  the  first  representative  of  the  official 
ethers,  and  is  official  in  three  forms:  (a)  The  synthetic  methyl  salicy- 
late; (6)  oil  of  wintergreen;  and  (c)  oil  of  sweet  birch,  the  two  last 
mentioned  being  natural  products,  consisting  chiefly  of  the  chemical 
above  mentioned.  It  is  more  convenient,  however,  to  consider  this 
substance  under  the  head  of  salicylic  acid,  hence  it  is  deferred  until 
that  time  (p.  784). 

Formaldehyde  (HCHO). — This,  like  all  other  aldehydes,  is  pro- 
duced by  the  oxidation  of  the  corresponding  alcohol,  which  in  this 
case  is  methyl  alcohol;  the  reaction  can  be  more  clearly  expressed  as 
follows: 

HCH^OH     +     O     =     HjO     +     HCHO. 

The  usual  method  of  manufacture  of  aldehydes  from  alcohol  is  by 
the  oxidation  with  potassium  dichromate  and  sulphuric  acid,  but  in 
the  case  of  formaldehyde  oxidation  by  chemical  means  invariably 
leads  to  formic  acid,  instead  of  stopping  at  the  half-way  point  of  the 
aldehyde;  hence  the  oxidation  of  wood  alcohol  into  formaldehyde 
must  be  accomplished  without  the  aid  of  chemicals,  and  is  usually 
performed  by  the  incomplete  combustion  of  methyl  alcohol.  If 
gaseous  formaldehyde  is  desired,  this  combustion  is  accomplished  by 
burning  the  formaldehyde  from  a  wick  and  covering  the  flame  with 
a  cone  of  platinum  wire.  Such  is  the  principle  of  most  of  the  for- 
maldehyde lamps  now  largely  used  for  purposes  of  disinfection. 
The  same  results  can  be  obtained  by  heating  wood  alcohol  in  a  flask, 
and  as  the  vapor  begins  to  rise,  immersing  therein  a  red-hot  platinum 
spiral.  The  commercial  method  of  manufacture  of  the  chemical  is 
by  passing  the  vapors  of  wood  alcohol  through  heated  tubes  con- 
taining platinum  or  copper  spirals. 

Formaldehyde  is  a  gas  of  very  peculiar  pungent  odor,  and  is 
placed  on  the  market  in  aqueous  solution,  the  commercial  formalin 
being  a  37  per  cent,  (saturated)  solution  of  same.  This  is  now  official 
as  liquor  formaldehydi. 

Formaldehyde  is  a  valuable  antiseptic,  hence  the  use  of  formalde- 
hyde in  lamps  for  the  disinfecting  of  rooms  and  in  solution  as  a  food 
preservative.  The  latter  use  of  formaldehyde  is  prohibited,  inasmuch 
as  experiments  have  shown  that  formaldehyde,  even  in  minute  traces, 
injures  digestion. 

Formaldehyde  forms  with  gelatinous  substances  insoluble  com- 
pounds, and  for  this  purpose  is  employed  in  solidifying  glycerin  jelly 
for  microscopic  mounts,  and  since  hide  is  largely  gelatin,  formaldehyde 
can  be  employed  for  converting  same  into  leather. 

From  formaldehyde  many  interesting  syntheses  have  been  made,  the  most  strik- 
ing of  which  was  the  condensing  of  same  under  treatment  of  calcium  hydroxide  into 
formose  or  acrose,  a  variety  of  sugar  having  the  formula  of  CgHijOg.  This  was  ac- 
complished by  Lowe  (1886),  and  gives  an  inkling  of  that  wonderful  method  whereby 
{)lants,  by  the  absorption  of  carbon  dioxide  from  the  air,  grow  from  a  seed  to  the 
arge  and  lusty  organism,  the  tree. 
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The  entire  details  of  the  process  are  not  yet  fully  understood,  but  it  is  generally 
accepted  to-day  that  the  conversion  of  carbon  dioxide  into  other  carbon  compounds 
is  accomplished  chiefly  by  the  intermediate  product,  formaldehyde. 

Plants  absorb  carbon  dioxide  and  water,  and  in  these  two  bodies,  COj  and  HjO, 
we  have  the  elements  that  will  form  HCHO.  As  yet  this  synthesis,  this  building  up, 
has  not  been  artificially  accomplished,  nature  holding  the  secret  to  herself.  The 
next  step  in  the  process  has  been  accomplished  in  Loew's  synthesis.  Formaldehyde 
is  CH2O.  If  CHjO  is  multiplied  by  six,  the  result  is  CeHijOg.  Theoretically,  it 
seems  simple  to  convert  glucose,  CgHijOg,  into  sugar,  Ci^HazOn,  as  explained  on  p.  694, 
and  likewise  to  convert  sugar  into  starch,  CgHioOj,  and  into  cellulose,  which  has  the 
same  proportional  formula  and  which  is  the  main  constituent  of  woody  tissue. 

The  conversions  have  not  been  practically  accomplished,  but  it  can  be  com- 
prehended as  plausible,  since  the  reverse  operation  has  been  done.  Cotton  or  starch 
treated  with  sulphuric  acid  will  yield  glucose. 

To  sum  up  the  process  by  which  plants  grow:     . 

HjO  and  CO2  should  give  HCHO  formaldehyde. 
6HCH0  does  give  C9Hi20e,  acrose,  a  form  of  glucose. 
Ci3H240i2(2C6Hi209 — HjO)  should  give  CijHj^Oii  sugar. 
C12H22O11— HjO  should  give  CiaHjoOio  or  2CeHio05. 
(CgHioOj)  is  the  formula  of  starch  and  cellulose. 

Strassburger,  after  extensive  microscopic  and  chemical  work,  decides  that  the 
method  of  starch  formation  in  plants  is  not  as  simple  as  here  outlined.  He  claims 
that  very  intricate  intermediate  products  result,  which  is  very  likely,  as  nature 
rarely  performs  the  synthesis  in  a  direct  manner.  The  above  explanations  are,  there- 
fore, merely  approximate,  their  aim  being  to  impress  the  wonderful  manner  in  which 
plants  live  and  increase  on  nutriment  drawn  almost  exclusively  from  the  air. 

LIQUOR  FORMALDEHYDI.     Solution  of  Formaldehyde. 

An  aqueous  solution  containing  not  less  than  37  per  cent.,  by  weight,  of  absolute 
Formaldehyde  [H.COH  =  29.79],  an  oxidation  product  of  methyl  alcohol.  It  should 
be  kept  in  well-stoppered  bottles,  in  a  cool  place,  protected  from  light. 

A  clear,  colorless  liquid,  having  a  pungent  odor  and  caustic  taste;  its  vapor  acts 
as  an  irritant  upon  the  mucous  membrane. 

Specific  gravity:  1.075  to  1.078  at  25°  C.  (77°  F.). 

Miscible  in  all  proportions  with  water  and  alcohol.  On  standing.  Solution  of 
Formaldehyde  sometimes  loses  its  transparency,  the  cloudiness  being  due  to  the  sepa- 
ration of  paraformaldehyde. 

If  Solution  of  Formaldehyde  be  evaporated  over  sulphuric  acid,  or  in  a  vacuum, 
white,  solid,  paraformaldehyde  is  rapidly  formed,  which  is  insoluble  in  water,  and 
which,  when  heated  to  about  100°  C.  (212°  F.),  sublimes,  and  between  153°  and 
172°  C.  (307.4°  and  341.6°  F.),  melts,  gaseous  formaldehyde  being  evolved. 

Solution  of  Formaldehyde  should  be  neutral,  or  only  faintly  acid,  to  litmus-paper. 

If  5  Cc.  of  Solution  of  Formaldehyde  be  diluted  with  25  Cc.  of  distilled  water, 
and  3  Cc.  of  silver  ammonium  nitrate  T.S.  be  added,  a  gray  precipitate  of  finely 
divided  metallic  silver,  which  often  adheres  in  part  to  the  sides  of  the  test-tube  as  a 
metallic  mirror,  will  be  produced. 

If  to  5  Cc.  of  sulphuric  acid  in  which  a  little  salicylic  acid  has  been  dissolved  2 
drops  of  Solution  of  Formaldehyde  be  added  and  the  liquid  very  gently  warmed,  a 
permanent  deep  red  color  should  immediately  appear. 

If  20  Cc.  of  Solution  of  Formaldehyde  be  evaporated  to  dryness  on  a  water-bath, 
a  white  amorphous  mass  should  remain,  which,  upon  ignition,  should  not  leave  a 
residue  (absence  of  fixed  impurities). 

If  20  Cc.  of  Solution  of  Formaldehyde,  to  which  2  drops  of  phenolphthalein  T.S. 
have  been  added,  be  titrated  with  normal  potassium  hydroxide  V.S.,  not  more  than 
0.5  Cc.  of  the  latter  should  be  required  for  neutralization  (absence  of  more  than  0.1 
per  cent,  of  formic  and  other  acids). 

Tests  for  Identity. — Given  above. 

Impurities. — Fixed  impurities,  formic  and  other  acids.  See 
above.  Chlorides,  sulphates,  iron,  lead,  copper,  and  calcium.  Details 
in  Part  V. 

Assay.— Details  in  Part  V. 
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Remarks. — In  view  of  the  full  statements  as  to  formaldehyde 
given  on  the  preceding  page,  further  comments  are  not  necessary. 

Methylal  (HCHOCH3).— This  substance  is  made  by  oxidizing  wood  alcohol  with 
manganese  dioxide  and  sulphuric  acid  and  distilling  the  mixture.  It  is  used  as  a  hyp- 
notic in  doses  of  one  to  two  grammes. 

Formic  acid,  HCOOH,  was  discovered  by  Fischer  and  Ray  in  1670,  they  finding 
same  in  the  distillate  from  red  ants  {Formica  rufa),  hence  the  name.  It  is  of  interest 
to  know  that  the  irritating  substance  in  the  hairs  of  the  stinging  nettle,  Urtica 
dioica,  is  chiefly  formic  acid. 

Potassium  cyanide  on  being  cooked  yields  potassium  formate.  This,  however, 
is  not  the  commercial  method  of  manufacture,  and  is  merely  suggested  as  a  warning 
that  pharmacists  should  never  use  heat  in  preparing  solutions  of  potassium  cyanide. 
While  formic  acid  can  be  made  by  oxidation  of  methyl  alcohol,  it  is  usually  prepared 
by  heating  oxalic  acid  with  glycerin,  the  distillate  bemg  practically  pure  formic  acid. 

Formic  acid  has  very  little  medicinal  and  pharmaceutic  use,  but  it  is  interesting 
to  note  that  it  is  a  reducing  agent,  being  capable  of  producing  the  separation  of 
metallic  silver  from  the  solution  of  silver  nitrate.  It  is  the  only  acid  of  the  series 
possessing  reducing  power. 

The  Methylamines. — Of  these,  the  only  one  of  pharmaceutic  value  is  trimethyl- 
amine,  (CH3)3N.  This  body  was  introduced  into  the  market  under  the  name  of 
propylamine,  it  being  an  isomere  of  that  body  which  has  the  formula  C3H7NH2. 
It  is  found  in  small  traces  in  arnica  root,  and  a  considerable  quantity  of  the  brine 
used  for  pickling  herring.  Its  commercial  source  is  beet  sugar  residues,  and  it  had 
consideraole  vogue  for  rheumatism,  but  its  disagreeable  taste  prevented  its  general 
use.     Dose,  2  to  4  drops. 


CHAPTER   XXXVII 

ETHANE  DERIVATIVES 

The  derivatives  of  ethane  of  pharmaceutic  value  are: 

Ethyl  chloride,  U.  S.  P C2H5CI. 

Alcohol,  U.  S.  P C2H5OH. 

Ether,  U.  S.  P iCJi,)fi. 

Ethyl  sulphate (C2H5)jS04. 

(in  ethereal  oil,  U.  S.  P.). 
Ethyl  nitrite. C^HsNO^. 

(in  spirits  of  nitrous  ether,  U.  S.  P.). 

Ethyl  acetate,  U.  S.  P CJIfi^Hfii- 

Ethyl  carbamate,  U.  S.  P CaH^NHjCO^. 

(described  among  the  urea  derivatives). 

Aldehyde CH3CHO. 

Paraldehyde,  U.  S.  P (CH3CHO)3. 

Chloral  hydrate,  U.  S.  P CCI3CHO  +  H2O. 

Chloral  formamide,  U.  S.  P CCl3CH(0H)(NHC0H). 

Acetic  acid,  U.  S.  P CH3COOH. 

Oxahc  acid (COOH)^. 

iETHYLIS  CHLORIDUM.     Ethyl  Chloride. 

A  haloid  derivative  [Monochlor- Ethane,  C2H5C1  =  64.00],  prepared  by  the  action 
of  hydrochloric  acid  gas  upon  absolute  ethyl  alcohol. 

On  account  of  its  extreme  volatility,  it  should  be  preserved  in  hermetically 
sealed  glass  tubes,  and  kept  in  a  cool  place,  remote  from  lights  or  fire. 
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A  colorless,  mobile,  very  volatile  liquid,  having  a  characteristic,  rather  agreeable 
odor,  and  a  burning  taste. 

Specific  gravity:  0.918  at  8°  C,  (46.4°  F.). 

Ethyl  chloride  is  slightly  soluble  in  water,  readily  soluble  in  alcohol. 

It  boils  at  a  temperature  of  12.5°  to  13°  C.  (54.5°  to  55.4°  F.),  and  at  its  ignition 
temperature  bums  with  a  smoky,  green-edged  flame,  with  the  production  of  gaseous 
hydrochloric  acid. 

When  liberated,  at  ordinary  room- temperatures,  from  its  sealed  glass  tube. 
Ethyl  Chloride  vaporizes  at  once;  the  gas  is  very  inflammable,  and  consequently 
it  should  not  be  used  in  proximity  to  a  gas-flame  or  fire. 

If  10  Cc.  of  Ethyl  Chloride,  while  cold,  be  dissolved  in  alcohol  and  a  few  drops 
of  silver  nitrate  T.S.  be  added,  no  turbidity  should  be  produced  (absence  of  hydro- 
chloric acid). 

If  10  Cc.  of  Ethyl  Chloride  be  agitated  with  10  Cc.  of  cold  water,  and  the  super- 
natant stratum  of  Ethyl  Chloride  be  evaporated  spontaneously,  and  if  a  few  drops 
of  potassium  dichromate  T.S.  be  added  to  the  remaining  aqueous  liquid,  followed 
by  some  diluted  sulphuric  acid,  and  the  mixture  be  boiled,  no  odor  of  aldehyde 
should  be  developed,  and  a  greenish  or  purplish  color  should  not  be  produced  in  the 
liquid  (absence  of  alcohol). 

On  allowing  Ethyl  Chloride  to  evaporate  from  clean,  odorless  blotting  paper 
which  has  been  saturated  wath  it,  no  unpleasant  odor  should  remain  upon  the  paper 
(absence  of  sulphur  compounds,  etc.). 

Remarks. — As  above  defined,  ethyl  chloride  is  made  by  treating 
alcohol  with  hydrochloric  acid  gas.  It  can  also  be  made,  as  already 
explained,  as  all  other  halogen  derivatives  of  the  hydrocarbons,  by 
treatment  of  the  appropriate  hydrocarbon  (in  this  case,  ethane)  with 
the  proper  halogen  (in  this  case,  chlorine). 

Ethyl  chloride  is  so  volatile  that  it  can  be  kept  in  its  liquid  form 
only  when  under  heavy  pressure  in  sealed  tubes.  It  is  used,  under 
such  trade  names  as  kelene,  as  a  local  anesthetic  (as  described  under 
Rhigolene,  p.  637),  and  is  now  being  employed  either  by  itself  or  in 
combination  with  chloroform  or  ether  as  a  general  anesthetic. 

Ethyl  hydroxide  (CjHgOH)  has  been  known  from  the  earliest  times 
in  the  form  of  alcoholic  liquids,  one  of  the  first  references  being  the 
well-known  story  of  Noah  and  his  vineyard. 

The  isolation  was  first  performed  by  Rhazes  (tenth  century), 
and  the  name  alcohol  was  first  applied  in  the  thirteenth  century,  the 
name  being  of  Arabic  origin. 

Passing  over  the  several  syntheses  of  alcohol  (such  as  treating 
ethyl  chloride  with  moist  silver  oxide),  it  may  be  said  that  the  sole 
commercial  origin  of  alcohol  is  by  the  fermentation  of  substances 
containing  starch  or  sugar.  If  dilute  watery  preparations  of  starch 
and  sugar  are  allowed  to  stand,  the  spores  of  the  yeast  plant,  Sac- 
charomyces  cerevisice,  present  in  the  air,  locate  in  same  and  begin  to 
grow,  the  process  of  the  plant's  assimilation  producing  in  saccharine 
liquid  the  chemical  change  called  fermentation.  It  was  formerly 
considered  that  the  chemical  change  could  be  induced  only  by  the 
actual  process  of  plant  life,  but  recent  investigations  have  shown  that 
the  fermentation  is  entirely  due  to  the  chemical  action  of  the  pro- 
toplasm of  yeast,  and  at  present,  in  the  brewing  of  beer  and  other 
malt  liquids,  it  is  preferred  to  use  the  expressed  liquid  from  the 
destroyed  yeast  plant  rather  than  the  living  plant  itself.  The  reac- 
tion of  the  fermentation  expressed  in  simplest  form  is  as  follows: 

C,Hi,0,     =     2C,H50H     +     2C0„ 
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but  the  real  process  is  far  more  complicated,  as  is  evidenced  by  the 
large  number  of  side-products  of  fermentation,  such  as  glycerin, 
succinic  acid,  and  amylic  alcohol,  invariably  found  in  the  fermented 
liquid. 

In  order  to  obtain  alcohol  it  is  necessary  to  subject  the  fermented 
liquid  (usually  called  the  mash)  to  distillation. 

Of  the  many  alcoholic  liquors  employed  as  beverages,  some  are 
distilled  products  and  others  are  the  clarified,  undistilled  products  of 
fermentation.  Among  the  important  alcoholic  liquids  are  wines,  beer, 
whisky,  and  brandy. 

Wines  are  made  by  the  fermentation  of  the  juice  of  grapes  and 
eventual  clarification  of  the  same.  Wines  are  grouped  by  the  pharma- 
copoeia into  white  wine,  U.  S.  P.  (vinum  album),  which  is  made  by 
fermenting  the  juice  of  the  grape,  freed  from  the  skins;  red  wine, 
U.  S.  P.  {vinum  ruhrum^.  obtained  by  the  fermentation  of  the  juice 
of  the  red  grapes  in  the  presence  of  the  skins. 

VINUM   ALBUM.     White  Wine. 

An  alcoholic  liquid,  made  by  fermenting  the  juice  of  fresh  grapes,  the  fruit  of 
Vitis  vinifera  Linn6  (Fam.  Vitaceoe),  freed  from  seeds,  stems,  and  skins,  and  sub- 
jected to  the  usual  cellar-treatment  for  fining  and  aging. 

When  White  Wine  is  prescribed  without  further  specification,  it  is  recommended 
that  a  dry  White  Wine  of  domestic  production  be  employed. 

White  Wine  should  be  preserved  in  well-closed  casks  filled  as  full  as  possible, 
or  in  well-stoppered  bottles,  in  a  cool  place. 

A  pale  amber-colored  or  straw-colored  liquid,  having  a  pleasant  odor  free  from 
yeastiness,  and  a  fruity,  agreeable,  slightly  spirituous  taste  without  excessive  sweet- 
ness or  acidity. 

The  specific  gravity,  at  15.6°  C.  (60°  F.),  should  not  be  less  than  0.990  nor  more 
than  1.010. 

If  a  portion  of  White  Wine  be  evaporated,  the  residue,  when  dried  during  twelve 
hours  on  a  water-bath,  should  amount  to  not  less  than  1.5  nor  more  than  3  per  cent.; 
this  residue,  ignited  at  a  low  temperature  and  burned  gradually  to  whiteness,  moist- 
ened with  a  small  portion  of  ammonium  carbonate  T.S.,  and  again  carefully  ignited, 
should  weigh  not  less  than  0.14  Gm.  nor  more  than  0.26  Gm.  for  each  100  Cc.  of 
White  Wine  tested. 

To  neutralize  50  Cc.  of  White  Wine  should  require  not  less  than  3  nor  more  than 
5.2  Cc.  of  normal  potassium  hydroxide  V.S.  (hmit  of  free  acid),  litmus  T.S.  being 
used  as  indicator. 

If  10  Cc.  of  White  Wine  be  diluted  with  an  equal  volume  of  water,  and  treated 
with  5  drops  of  ferric  chloride  T.S.,  only  a  faint,  greenish-brown  color  should  make 
its  appearance  (absence  of  more  than  traces  of  tannic  acid). 

If  75  Cc.  of  White  Wine  be  acidified  with  5  Cc.  of  diluted  sulphuric  acid  (1  in  3) 
and  thoroughly  shaken  in  a  separator  with  a  mixture  of  equal  parts  of  petroleum 
benzin  and  ether,  and  if  the  solvent,  after  separation,  be  transferred  to  a  porcelain 
dish,  allowed  to  evaporate  spontaneously,  and  the  residue  dissolved  in  3  Cc.  of  water, 
the  solution  should  not  have  a  sweet  taste  (absence  of  saccharin),  nor  should  it  give 
a  violet  color  upon  the  addition  of  a  diluted  solution  of  ferric  chloride  (1  in  200) 
(absence  of  salicylic  acid). 

Tested  by  the  following  method.  White  Wine  should  be  found  to  contain  not  less 
than  7  per  cent,  nor  more  than  12  per  cent.,  by  weight  (equivalent  to  8.5  per  cent, 
to  15  per  cent,  by  volume),  of  absolute  alcohol. 

Take  the  specific  gravity  (to  four  decimals)  of  a  sufficient  portion  of  the  White 
Wine  carefully  measured  at  the  temperature  of  15.6°  C.  (60°  F.),  evaporate  the 
Wine  in  a  tared  dish  to  one-third  of  its  original  weight,  cool,  and  add  water  until  the 
liquid  measures  its  original  volume  at  15.6°  C.  (60°  F.);  then  take  the  specific  gravity 
(to  four  decimals)  again.  The  difference  between  the  two  specific  gravities  deducted 
from  1.0000  corresponds  to  the  specific  gravity  of  an  alcohol  containing  the  same 
percentage  of  absolute  alcohol,  by  weight,  or  volume  as  the  Wine  under  examination, 
the  corresponding  percentage  bemg  ascertained  by  referring  to  the  alcohol  tables. 
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Tests  for  Identity. — Given  above. 

Impurities. — Free  acid,  tannic  acid,  salicylic  acid,  saccharin. 
Details  above. 

Estimation  of  Strength. — Specific  gravity  process  given  above. 

VINUM   RUBRUM.     Red  Wine. 

An  alcoholic  liquid,  made  by  fermenting  the  juice  of  fresh  red-colored  grapes, 
the  fruit  of  Vitis  vinifera  Linn6  (Fam.  Vitaceoe),  in  presence  of  their  skins,  and  sub- 
jected to  the  usual  cellar-treatment  for  fining  and  aging. 

When  Red  Wine  is  prescribed  without  further  specification,  it  is  recommended 
that  a  dry  Red  Wine  of  domestic  production  be  employed. 

Red  Wine  should  be  preserved  in  well-closed  casks  filled  as  full  as  possible,  or 
in  well-stoppered  bottles,  m  a  cool  place. 

A  deep  red  liquid,  having  a  pleasant  odor  free  from  yeastiness,  and  a  fruity, 
moderately  astringent,  pleasant,  and  slightly  acidulous  taste,  without  excessive  sweet- 
ness or  acidity. 

The  specific  gravity,  at  15.6°  C.  (60°  F.),  should  be  not  less  than  0.989  nor  more 
than  1.010. 

If  a  portion  of  Red  Wine  be  evaporated,  the  residue,  when  dried  during  twelve 
hours  on  a  water-bath,  should  amount  to  not  less  than  1.6  per  cent,  nor  more  than 
3.5  per  cent.;  this  residue,  ignited  at  a  low  temperature  and  burned  gradually  to 
whiteness,  moistened  with  a  small  portion  of  ammonium  carbonate  T.S.,  and  again 
carefully  ignited,  should  weigh  not  less  than  0.22  Gm.  nor  more  than  0.34  Gm.  for 
each  100  Cc.  of  Red  Wine  tested. 

With  lead  acetate  T.S.  Red  Wine  forms  a  heavy  precipitate  which  may  vary 
in  color  from  bluish-green  to  green. 

If  50  Cc.  of  Red  Wine  be  treated  with  a  slight  excess  of  ammonia  water,  the 
liquid  should  acquire  a  green  or  brownish-green  color;  if  it  be  then  well  shaken  with 
25  Cc.  of  ether,  the  greater  portion  of  the  ethereal  layer  removed,  and  evaporated 
in  a  porcelain  dish  with  an  excess  of  acetic  acid  and  a  few  fibers  of  uncolored  silk, 
the  latter  should  not  acquire  a  crimson  or  violet  color  (absence  of  red  aniline  colors). 

If  25  Cc.  of  Red  Wine,  heated  to  about  45°  C.  (113°  F.),  be  well  agitated  with  25 
Gm.  of  manganese  dioxide,  the  liquid  filtered  off  and  acidulated  with  hydrochloric 
acid,  it  should  not  acquire  a  red  color  (absence  of  acid  fuchsine). 

Tests  for  Identity. — Given  above. 

Impurities. — Free  acid,  tannic  acid,  salicylic  acid,  and  saccharin, 
as  given  under  White  Wine.  Red  aniline  colors  and  acid  fuchsin. 
Details  above. 

Estimation  of  Strength. — As  given  under  White  Wine. 

These  wines  are  directed  by  the  pharmacopoeia  to  contain  not 
less  than  7  nor  more  than  12  per  cent,  of  alcohol  by  weight,  this  being 
determined  by  taking  the  specific  gravity  process  given  above.  The 
process  is  an  ingenious  one,  and  gives  fairly  accurate  results  if  careful 
note  is  made  of  the  temperature. 

The  process  can  be  explained  by  actual  figures: 

The  specific  gravity  of  a  sample  of  the  wine  before  evaporation  was  0.9943 
The  specific  gravity  of  a  sample  of  the  wine  after  evaporation  was     1.0109 

The  difference  was  0.0166 

,  QQQ Q  0166  =  0  9834  t  '^^^  specific  gravity  of  a  sample  of  alcohol  of  the  same 

\      strength  as  the  wine. 
Reference  to  the  alcohol  table  of  the  pharmacopoeia  (U.  S.  P.  VIII.,  p.  603) 
shows — 

that  alcohol  10  per  cent,  by  weight  has  specific  gravity  0.9839. 
that  alcohol  11  per  cent,  by  weight  has  specific  gravity  0.9826. 
Hence,  the  wine  contained  between  10  per  cent,  and  11  per  cent,  alcohol  (by 
weight). 
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The  pharmacopoeia  very  wisely  takes  the  stand  in  favor  of  the 
domestic  wines,  those  of  good  quality  being  much  better  than  imported 
wines  at  the  same  price. 

White  wine  is  used  as  a  menstruum  in  making  official  wines,  and 
both  wines  are  administered  as  stimulants. 

Champagne,  though  unofficial,  deserves  passing  comment.  This 
represents  white  wine  containing  from  8  to  9  per  cent,  of  alcohol, 
which  is  carbonated  with  carbon  dioxide  generated  during  the  process 
of  fermentation.  The  sweetened  wine  with  a  minute  quantity  of 
yeast  is  placed  in  tightly  stoppered  bottles,  which  are  inverted  on  a 
rack  and  left  in  a  room,  the  temperature  of  which  favors  fermentation. 
When  the  fermentation  has  reached  the  proper  stage — which  is 
determined  by  experience — the  wine  is  left  to  cool  for  several  months, 
during  which  time  the  sediment  collects  in  the  neck  of  the  bottle 
while  the  gas  collects  at  the  inverted  bottom.  When  completely 
settled,  an  expert  workman  passes  from  bottle  to  bottle,  drawing  out 
the  corks  for  a  period  long  enough  to  remove  the  sediment  without 
serious  loss  of  the  other  contents.  The  product  is  then  corked 
securely  and  sent  to  market.  It  can  readily  be  seen  that  the  operation 
of  removing  the  sediment  is  exceedingly  delicate,  and  can  be  accom- 
plished only  by  failure  to  produce  this  result  on  a  large  number  of 
bottles.  This  loss  plus  the  loss  of  breakage  of  bottles  during  process 
of  fermentation  gives  the  real  reason  for  the  high  cost  of  champagne. 

Beer. — This  well-known  unofficial  is  the  product  of  the  fermenta- 
tion of  malt,  hops  being  added  to  give  the  product  a  characteristic 
taste.  The  ordinary  lager  beer  contains  3  to  4  per  cent,  of  alcohol; 
the  dark,  heavy  Munich  beer  contains  8  per  cent,  of  alcohol,  while 
the  so-called  Berlin  or  Weiss  beer  contains  only  2  per  cent.,  which 
amount  is  too  small  to  effect  complete  preservation  of  the  product, 
hence  it  must  be  fresh  when  dispensed. 

SPIRITUS  FRUMENTI.     Whisky. 

An  alcoholic  liquid  obtained  by  the  distillation  of  the  mash  of  fermented  grain — 
such  as  Indian  corn,  rye,  wheat,  and  barley,  or  their  mixtures. 

An  amber-colored  liquid,  having  a  distinctive  odor  and  taste,  and  a  slightly 
acid  reaction. 

Whisky  should  be  at  least  four  years  old. 

Its  specific  gravity  should  not  be  more  than  0.945  nor  less  than  0.924  at  15.6°  C. 
(60°  F.),  corresponding,  approximately,  to  an  alcoholic  strength  of  37  to  47.5  per 
cent.,  by  weight,  or  44  to  55  per  cent.,  by  volume,  of  absolute  alcohol. 

If  100  Cc.  of  Whisky  be  very  slowly  evaporated  in  a  tared  dish  on  a  water-bath, 
the  last  portions  volatilized  should  not  have  a  harsh  or  disagreeable  odor  (absence 
of  more  than  a  trace  of  fusel  oil  from  grain);  and  the  residue,  when  dried  at  100°  C. 
(212°  F.),  should  not  weigh  more  than  0.5  Gm.  This  residue  should  have  no  sweet 
or  distinctly  spicy  taste  (absence  of  added  sugar,  glycerin,  and  aromatic  substances), 
and  it  should  almost  completely  dissolve  in  10  Cc.  of  cold  water,  forming  a  solution 
which  is  colored  not  deeper  than  light  green  by  a  few  drops  of  ferric  chloride  T.S. 
diluted  with  10  volumes  of  water  (absence  of  more  than  traces  of  oak  tannin  from 
casks). 

If  50  Cc.  of  Whisky  be  shaken  vigorously  in  a  stoppered  flask  with  25  Gm.  of 
kaolin,  and,  after  standing  half  an  hour,  be  filtered,  the  color  of  the  filtrate  should 
not  be  much  lighter  than  that  of  the  Whisky  before  treatment. 

To  render  100  Cc.  of  Whisky  distinctly  alkaline  to  litmus-paper,  not  more  than 
1.2  Cc.  of  normal  potassium  hydroxide  V.S.  should  be  required  (limit  of  free  add). 

Tests  for  Identity. — Given  above. 
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Impurities. — Excess  of  fusel  oil,  added  sugar,  glycerin,  aromatic 
substances,  excess  of  tannin,  excess  of  free  acid.     Details  given  above. 

Added  caramel  coloring  (the  filtration  through  kaolin  test  as 
given  above). 

Remarks. — This  is  a  product  of  distillation  of  the  mash  of  fer- 
mented grain,  usually  of  a  mixture  of  corn,  wheat,  and  rye,  and  at 
least  four  years  old.  Whisky  contains  from  37  to  47.5  per  cent,  of 
alcohol  by  weight.  It  should  be  four  years  old,  because  some  of  the 
side-products  (fusel  oil,  for  example)  are  deleterious,  but  on  aging 
four  years  this  fusel  oil  will  have  combined  with  the  other  constituents 
of  whisky  to  produce  an  aromatic  substance  which  in  itself  is  practi- 
cally harmless. 

SPIRITUS   Vmi   GALLICI.     Brandy. 

An  alcoholic  liquid  obtained  by  the  distillation  of  the  fermented,  unmodified 
juice  of  fresh  grapes. 

A  pale  amber-colored  liquid,  having  a  distinctive  odor  and  taste,  and  a  slightly 
acid  reaction. 

Brandy  should  be  at  least  four  years  old. 

Its  specific  gravity  should  be  not  more  than  0.941  nor  less  than  0.925  at  15.6°  C. 
(60°  F.),  corresponding,  approximately,  to  an  alcoholic  strength  of  39  to  47  per  cent., 
by  weight,  or  46  to  55  per  cent.,  by  volume,  of  absolute  alcohol. 

Tests  for  Identity. — Given  above. 

Impurities. — Excess  of  fusel  oil,  added  sugar,  glycerin,  aromatic 
substances,   oak  tannin,   caramel   coloring,   exactly  as  given  under 
^  Whisky.     Excess  of  free  acid,  esti- 

mation as  in  whisky  except  100  Cc. 
made  alkaline  with  1  Cc.  normal 
potassa  solution. 

Remarks. — Brandy  is  obtained 
by  the  distillation  of  the  fermented, 
unmodified  juice  of  fresh  grapes, 
and  at  least  four  years  old.  It 
should  contain  39  to  47  per  cent,  by 
weight,  of  alcohol,  and  is  directed 
by  the  pharmacopoeia  to  be  kept 
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Fig.  219. — Column  distilling  apparatus.  Fig.  220. — Glass  dephlegmator. 

four  years  in  order  to  age  it,  as  explained  above.  Both  whisky 
and  brandy  are  used  medicinally  as  stimulants,  being  given  in  doses 
of  about  half  an  ounce. 


654  PRINCIPLES  OF  PHARMACY 

'  Alcohol  is  obtained  by  the  redistillation  of  whisky,  the  fusel  oil, 
glycerin,  and  other  extraneous  matter  being  separated  from  same  by 
the  process  called  dephlegmation.  This  long  word  had  been  bequeathed 
us  by  the  alchemists,  whose  favorite  treatment  of  a  substance  was  to 
submit  it  to  distillation.  If  a  portion  thereof  was  volatile,  the  same 
was  called  spirit,  while  the  less  volatile  portion  which  was  left  behind 
was  called  phlegm.  To  produce  this  spirit  (alcohol)  it  was  necessary 
to  remove  same  from  the  phlegm  and  the  process  was  called  dephleg- 
mation. This  is  accomplished  by  heating  the  whisky  in  an  appro- 
priate still  body,  and  making  the  vapors  rise  through  a  tall  tower  or 
column  before  diverting  same  into  the  condensing  worm.  This  tower  or 
column  apparatus  is  generally  provided  with  a  series  of  projections, 
which  condense  the  less  volatile  portions,  permitting  the  passage  only 
of  the  pure  alcohol.  A  glass  dephlegmator  for  smaller  operations  of 
the  laboratory  is  shown  in  Fig.  220.  Alcohol  is  official  in  three  dif- 
ferent forms: 

ALCOHOL.     Alcohol. 

A  liquid  composed  of  about  92.3  per  cent.,  by  weight,  or  about  94.9  per  cent., 
by  volume,  of  absolute  Ethyl  Alcohol  [C2H5.0H  =  45.70],  and  about  7.7  per  cent., 
by  weight,  of  water.  It  should  be  kept  in  well-closed  vessels,  in  a  cool  place,  remote 
from  lights  or  fire. 

A  transparent,  colorless,  mobile  and  volatile  liquid,  of  a  slight,  agreeable  odor, 
and  a  burning  taste. 

Specific  gravity:  about  0.816  at  15.6°  C.  (60°  F.),  the  standard  temperature  for 
Alcohol,  or  0.809  at  25°  C.  (77°  F.). 

Miscible  with  water  in  all  proportions,  and  without  any  trace  of  cloudiness; 
also  miscible  with  ether  or  chloroform. 

It  is  readily  volatilized,  even  at  low  temperatures,  and  boils  at  78°  C.  (172.4°  F.). 
It  is  inflammable  and  burns  with  a  pale  blue,  smokeless  flame. 

It  should  not  affect  the  color  of  blue  or  red  litmus-paper  previously  moistened 
with  water. 

If  50  Cc.  of  Alcohol  be  evaporated  in  a  clean  glass  vessel,  no  color  or  weighable 
residue  should  remain. 

If  10  Cc.  of  Alcohol  be  mixed  with  5  Cc.  of  water  and  1  Cc.  of  glycerin,  and  the 
mixture  allowed  to  evaporate  spontaneously  from  a  piece  of  clean,  odorless  blotting 
paper,  no  foreign  odor  should  become  perceptible  when  the  last  traces  of  the  Alcohol 
leave  the  paper  (absence  of  fusel  oil  constituents). 

If  25  Cc.  be  allowed  to  evaporate  spontaneously  in  a  porcelain  evaporating  dish, 
carefully  protected  from  dust,  until  the  surface  of  the  dish  is  barely  moist,  no  red 
or  brown  color  should  be  produced  upon  the  addition  of  a  few  drops  of  colorless, 
concentrated  sulphuric  acid  (absence  of  amyl  alcohol,  or  non^volatUe,  carbonizable, 
organic  impurities,  etc.). 

If  10  Cc.  of  Alcohol  be  mixed  in  a  test-tube  with  5  Cc.  of  potassium  hydroxide 
T.S.,  the  liquid  should  not  at  once  assume  a  yellow  color  (absence  of  aldehyde  or 
oak  tannin). 

If  20  Cc.  of  Alcohol  be  shaken  in  a  clean,  glass-stoppered  vial  with  1  Cc.  of  silver 
nitrate  T.S.,  the  mixture  should  not  become  more  than  faintly  opalescent,  or  acquire 
more  than  a  faint  brownish  tint  when  exposed  for  six  hours  to  diffused  daylight 
(limit  of  organic  impurities,  amyl  cdcohol,  aldehyde,  etc.). 

Methyl  Alcohol  Test. — Into  a  test-tube  of  the  capacity  of  about  40  cubic 
centimeters,  1  Cc.  of  Alcohol  or  spirit  to  be  tested  should  be  poured,  and,  if  it  be 
undiluted,  enough  distilled  water  added  to  make  the  liquid  measure  10  Cc.  If  the 
alcohol  be  already  diluted,  a  correspondingly  larger  volume  of  it  should  be  taken  and 
diluted  to  10  Cc,  so  that  the  proportion  of  Alcohol  in  the  liquid  shall  not  be  more 
than  about  10  per  cent.,  by  volume.  A  copper  wire  spiral  (made  by  winding  1  meter 
of  No.  18  clean  copper  wire  closely  around  a  glass  rod  7  millimeters  thick,  making  a 
coil  about  3  centimeters  long,  the  end  of  the  wire  being  formed  into  a  handle)  should 
be  heated  to  redness  in  a  flame  free  from  soot,  and  plunged  steadily  quite  to  the 
bottom  of  the  liquid  in  the  test-tube  and  held  there  for  a  second  or  two,  then  with- 
drawn and  dipped  into  water  to  cool.     This  treatment  with  red-hot  copper  should  be 
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repeated  five  or  six  times,  immersing  tiie  test-tube  in  cold  water  to  keep  down  the 
temperature  of  the  liquid.  The  contents  of  the  test-tube  should  now  be  filtered  into 
a  wide  test-tube  and  boiled  very  gently.  If  the  odor  of  acetaidehyde  be  perceptible, 
the  boiling  is  to  be  continued  until  the  odor  ceases  to  be  distinguished  clearly.  The 
liquid  is  now  cooled,  and  to  it  should  be  added  1  drop  of  a  solution  containing  1  part 
of  resorcinol  in  200  parts  of  water.  A  portion  of  this  liquid  is  then  poured  cautiously 
into  a  second  tube  containing  pure  sulphuric  acid,  in  such  a  way  that  the  two  liquids 
shall  not  mix,  the  tube  being  held  in  an  inclined  position;  this  tube  is  allowed  to 
stand  for  three  minutes,  and  then  slowly  rotated.  No  rose-red  ring  should  show  at 
the  line  of  contact  of  the  two  layers  (absence  of  more  than  2  per  cent,  of  methyl  alcohol). 

Tests  for  Identity. — Given  above. 

Impurities. — Fusel  oil  constituents;  amyl  alcohol;  non-volatile, 
carbonizable,  organic  impurities;  aldehyde;  oak  tannin;  nor  more  than 
2  per  cent,  methyl  alcohol.     Details  above. 

Remarks. — This  represents  the  most  concentrated  form  of  ethyl 
hydrate  which  can  be  produced  by  the  simple  process  of  dephlegma- 
tion.  It  contains  92.3  per  cent.,  by  weight  (94.9  per  cent.,  by  volume), 
of  ethyl  hydrate,  and  is  practically  the  deodorized  alcohol  of  the 
pharmacopceia  of  1890. 

It  is  very  important  to  be  able  readily  to  determine  the  strength 
of  any  individual  sample  of  alcohol  on  hand,  and  this  is  usually 
accomplished  by  means  of  that  form  of  hydrometer  called  the  alcohol- 
ometer (already  described  on  p.  50),  which  is  usually  provided  with 
a  scale  which  not  merely  reads  its  specific  gravity,  but  also  the  actual 
percentage  of  alcohol  in  the  sample.  Of  course,  the  strength  can  be 
ascertained  by  taking  the  specific  gravity  in  any  other  manner,  in 
which  event,  however,  reference  must  be  had  to  the  alcohol  table 
found  in  the  back  of  the  pharmacopceia. 

It  will  be  noticed  that  the  present  pharmacopceia  includes  a  test 
for  wood  alcohol  which  consists  of  oxidizing  the  methyl  alcohol  to 
formaldehyde  by  plunging  therein  a  red-hot  copper  spiral  (see  p.  646), 
and  detecting  the  formaldehyde  thus  produced  by  the  resorcinol- 
sulphuric  acid  test. 

ALCOHOL  ABSOLUTUM.     Absolute  Alcohol. 

Ethyl  Alcohol  [C3H5.0H  =  45.70],  containing  not  more  than  1  per  cent.,  by 
weight,  of  water,  ft  should  be  kept  in  well-stoppered  bottles  or  tin  cans,  in  a  cool 
place,  remote  from  lights  or  fire. 

A  transparent,  colorless,  mobile,  and  volatile  liquid,  of  a  characteristic,  rather 
agreeable  odor,  and  a  burning  taste.     Very  hygroscopic. 

Specific  gravity:  not  higher  than  0.797  at  15.6"  C.  (60°  F.)  nor  0.790  at  25°  C. 
(77°  F.). 

In  other  respects  Absolute  Alcohol  has  the  properties,  and  should  respond  to  the 
reactions  and  tests,  of  Alcohol  (see  Alcohol). 

Remarks. — This  is  a  liquid  containing  not  less  than  99  per  cent,  of 
ethyl  hydroxide,  and  is  made  from  ordinary  alcohol  by  redistillation 
from  lime.  In  order  to  get  same  "absolutely  absolute,"  which  is 
sometimes  necessary  in  very  careful  chemical  work,  it  is  mixed  with 
metallic  sodium,  which  absorbs  all  the  water  (forming  sodium  hydrox- 
ide), and  also  some  of  the  alcohol  (forming  sodium  alcoholate,  CjHj- 
ONa),  and  then  distilling  into  a  flask  closely  fitted  to  the  condenser, 
and  with  orifices  for  air  closed  by  means  of  calcium  chloride  drying 
tubes. 

To   tell   whether   absolute   alcohol   is   completely   dehydrated   is 
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usually  accomplished  by  throwing  into  same  a_piece  of  exsiccated 
copper  sulphate.  This  is  of  grayish-white  color,  and  if  TEere  is  any 
water  in  the  alcohol,  the  copper  salt  absorbs  same,  becoming  partly 
crystallized,  and  assumes  a  blue  tint. 

ALCOHOL   DILUTUM.     Diluted  AlcohoL 

A  liquid  composed  of  about  41.5  per  cent.,  by  weight,  or  about  48.9  per  cent., 
by  volume,  of  absolute  Ethyl  Alcohol  [CjHj.OH  =  45.7],  and  about  58.5  per  cent., 
by  weight,  of  water.  It  should  be  kept  in  well-closed  vessels,  in  a  cool  place,  remote 
from  lights  or  fire. 

Recipe. — Alcohol,  five  hundred  cubic  centimeters 500  Co. 

Distilled  Water,  five  hundred  cubic  centimeters 500  Co. 

Mix  them. 

If  the  two  liquids  be  measured  at  the  temperature  of  25°  C.  (77°  F.),  the  mixture, 
when  cooled  to  the  same  temperature,  will  measure  about  970  Cc. 
Diluted  Alcohol  may  also  be  prepared  in  the  following  manner: 

Alcohol,  four  hundred  and  eight  grammes 408  Gm. 

Distilled  Water,  five  hundred  grammes 500  Gm. 

Mix  them. 

Diluted  Alcohol  has  a  specific  gravity  of  about  0.936  at  15.6°  C.  (60°  F.),  the 
standard  temperature  for  Alcohol,  and  about  0.930  at  25°  C.  (77°  F.). 
It  should  respond  to  the  reactions  and  tests  given  under  Alcohol. 

Rules  for  Making  an  Alcohol  op  any  Required  Lower  Percentage  from 
AN  Alcohol  of  any  Given  Higher  Percentage. 

I.  By  Volume. — Designate  the  volume-percentage  of  the  stronger  alcohol  by 
V,  and  that  of  the  weaker  alcohol  by  v. 

Rule. — Mix  V  volumes  of  the  stronger  alcohol  with  distilled  water  to  make  V 
volumes  of  product.  Allow  the  mixture  to  stand  until  full  contraction  has  taken 
place  and  until  it  has  cooled,  then  make  up  the  deficiency  in  the  V  volumes  by  adding 
more  distilled  water. 

Example. — An  alcohol  of  30  per  cent.,  by  volume,  is  to  be  made  from  an  alcohol 
of  94.9  per  cent.,  by  volume:  Take  30  volumes  of  the  94.9  per  cent,  alcohol  and  add 
enough  distilled  water  to  produce  94.9  volumes. 

II.  By  Weight. — Designate  the  weight-percentage  of  the  stronger  alcohol  by  W, 
and  that  of  the  weaker  alcohol  by  w. 

Rule. — Mix  w  parts  by  weight  of  the  stronger  alcohol  with  distilled  water  to 
make  W  parts  by  weight  of  product. 

Example. — An  alcohol  of  50  per  cent.,  by  weight,  is  to  be  made  from  an  alcohol 
of  92.3  per  cent.,  by  weight:  Take  50  parts,  by  weight,  of  the  92.3  per  cent,  alcohol 
and  add  enough  distilled  water  to  produce  92.3  parts,  by  weight. 

Remarks. — Diluted  alcohol,  U.  S.  P.,  is  made  by  mixing  equal 
volumes  of  alcohol  and  water,  and  since  U.  S.  P.  alcohol  is  91  per  cent., 
by  weight,  of  ethyl  hydroxide,  the  dilute  alcohol  is  41  per  cent.,  by 
weight,  of  the  same  chemical.     This  is  shown  in  the  following  figures: 
100  Cc.  of  91  per  cent,  alcohol  (sp.  gr.  0.820)  weighs  82  Gm. 
100  Cc.  or    82  Gm.  91  per  cent,  alcohol 
plus        100  Cc.  or  100  Gm.  water 
makes    200  Cc.  or  182  Gm.  of  diluted  alcohol. 
The  82  Gm.  91  per  cent,  alcohol  contain  74.62  Gm.  absolute  alcohol. 

(82  X  0.91=74.62). 
Hence  the  182  Gm.  diluted  alcohol  contain  the  same — 

74.62  Gm.  absolute  alcohol. 
What  percentage  of  182  is  74.62? 

'       X   100  per  cent.,  or  41  per  cent. 
182.00 
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Note  that  100  Cc.  alcohol  and  100  Cc.  water  do  not  make  200  Cc. 
diluted  alcohol,  and  this  variation  from  the  theoretic  is  due  to  the 
interesting  fact  that  when  alcohol  and  water  are  mixed,  contraction 
occurs,  as  explained  on  p.  122. 

It  is  important  to  know  that  diluted  alcohol,  U.  S.  P.,  is  not  the 
"proof  spirit"  of  the  Internal  Revenue  Department  of  the  govern- 
ment; the  latter  means  50  per  cent,  by  volume  of  ethyl  hydrate,  while 
the  dilute  alcohol,  U.  S.  P.,  is  48.6  per  cent,  by  volume.  As  is  usual 
with  commercial  standards,  the  Internal  Revenue  grading  is  wholly 
unscientific. 

In  choosing  50  per  cent,  by  volume  as  ''proof,"  possibly  a  correct 
standard  was  made,  as  it  is  assumed  that  most  whisky  is  about  that 
strength.  However,  the  strength,  either  above  or  below  this  point, 
is  designated  in  a  most  unfortunate  manner,  viz.,  by  saying  that 
sample  is  ''ten  below  proof"  or  "twenty  above  proof."  Twenty 
above  proof  does  not  mean  70  per  cent,  by  volume,  but  indicates  that 
100  parts  of  such  20  above  proof  sample  are  to  be  diluted  with  water 
enough  to  make  120  parts  in  order  to  make  it  "proof."  In  other 
words,  "20  above  proof"  means  60  per  cent,  by  volume. 

Still  more  unfortunate  is  it  that  British  excise  "proof"  is  not  the 
same  as  the  standard  of  the  Internal  Revenue  of  our  country,  but 
represents  50  per  cent.,  by  weight,  of  absolute  alcohol. 

The  rule  for  alcohol  mixing  given  by  the  pharmacopoeia  and 
inserted  above  is  simply  the  expression,  in  another  form,  of  the  rule 
of  alligation  given  on  p.  65. 

Ethyl  Oxide  (02115)20. — This  product  is  official  as  iEther. 

.ffiTHER.     Ether. 

A  liquid  composed  of  about  96  per  cent.,  by  weight,  of  absolute  Ether  or  Ethyl 
Oxide  [(€2115)20  =  73.52]  and  about  4  per  cent,  of  alcohol  containing  a  little  water. 
Ether  should  be  kept  in  partially  filled,  well-stoppered  containers,  preferably  tin 
cans,  in  a  cool  place,  remote  from  lights  or  fire. 

A  transparent,  colorless,  mobile  liquid,  having  a  characteristic  odor  and  a  burning 
and  sweetish  taste. 

Specific  gravity:  0.716  to  0.717  at  25"  C.  (77°  F.). 

Soluble  in  about  10  times  its  volume  of  water  at  25°  C.  (77°  F.),  with  slight 
contraction  of  volume.  Miscible,  in  all  proportions,  with  alcohol,  chloroform,  petro- 
leum benzin,  benzene,  fixed  and  volatile  oils. 

Ether  boils  at  about  35.5°  C.  (96°  F.),  and  it  should,  therefore,  boil  when  a  test- 
tube,  containing  some  broken  glass  and  half  filled  with  it,  is  held  for  some  time 
closely  grasped  m  the  hand. 

Ether  is  highly  volatile  and  inflammable.  Its  vapor,  when  mixed  with  air  and 
ignited,  explodes  violently. 

The  color  of  light  blue  litmus-paper  moistened  with  water  should  not  be  changed 
to  red  when  the  paper  is  inunersed  in  Ether  for  ten  minutes. 

Upon  evaporation.  Ether  should  leave  no  residiie. 

If  10  Cc.  of  it  be  poured,  in  portions,  upon  clear,  odorless  blotting-paper,  and 
allowed  to  evaporate  spontaneously,  no  foreign  odor  should  become  perceptible 
when  the  last  traces  of  Ether  leave  the  paper. 

When  20  Cc.  of  Ether  are  shaken,  in  a  graduated  tube,  with  20  Cc.  of  water, 
just  previously  saturated  with  Ether,  the  ether-layer,  upon  separation,  should  meas- 
ure not  less  than  19.2  Cc.  (absence  of  an  undue  amount  of  alcohol  or  water). 

If  10  Cc.  of  Ether  be  shaken  occasionally,  during  one  hour,  with  1  Cc.  of  potas- 
sium hydroxide  T.S.,  no  color  should  be  developed  in  either  liquid  (absence  of  alde- 
hyde). • 

Tests  for  Identity. — Given  above. 

42 
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Impurities. — Excess  of  alcohol  or  water;  aldehyde.     Details  above. 

Remarks. — While  ether  was  known  to  Raymond  Lully  (1253-1315), 
the  present  method  of  manufacture  was  devised  by  Valerius  Cordus 
in  the  middle  of  the  fifteenth  century.  It  is  made  by  treating  alcohol 
with  sulphuric  acid  and  distilling  immediately. 

As  explained  on  p.  631,  the  reaction  may  be  simply  expressed  as 
being  produced  by  taking  water  away  from  alcohol,  sulphuric  acid 
acting  as  the  dehydrating  agent.  This  theory  of  ether  formation 
proposed  by  Fourcroy  and  Vauquelin  (1797)  was  accepted  until  later 
investigations  proved  that  while  true  as  to  ultimate  results,  the  actual 
process  was  not  so  simple  as  the  mere  removal  of  water  by  mechan- 
ical means.  The  factor  contributing  to  the  rejection  of  the  theory 
was  the  fact  that  if  the  water  was  absorbed  by  the  sulphuric  acid,  it 
would  be  closely  retained  by  same,  when,  as  a  matter  of  fact,  it  is 
noted  that  a  portion  of  the  water  distils  over  with  the  ether. 

The  next  theory  was  the  "contact  theory"  of  Mitscherlich,  that 
the  ether  production  was  due  to  catalysis,  the  latter  word  a  term 
found  very  convenient  by  chemists  of  the  first  half  of  the  last  century 
for  explaining  chemical  changes  which  were  not  really  understood. 

The  discovery  of  the  real  process  was  made  by  Liebig  (1839), 
who  proved  that,  during  the  formation  of   ether,   an  intermediate 

OTT 

product,  ethylsulphuric  acid,  SO^K^^  tt    is  produced. 

This  is  sometimes  called  " sulphovinic  acid,"  and  forms  salts,  one 
of  which,  sodium  sulphovinate,  had  some  medical  prominence  some 
years  since,  being  recommended  by  Dr.  Rabuteau  as  a  purgative  in 
25-Gm.  doses. 

Liebig's  discovery  of  ethyl-sulphuric  acid  was  supplemented  by 
the  researches  of  Williamson  (1850),  whose  complete  theory  of  ether 
formation  is  now  accepted  as  truth. 

According  to  this,  alcohol  treated  with  sulphuric  acid  forms 
ethyl-sulphuric  acid  and  water  (equation  a).  This  ethyl-sulphuric 
acid  comes  in  contact  with  more  alcohol,  liberating  ether  and  sul- 
phuric acid  (equation  h) : 


(a)  C2H5OH         +     H,SO, 

=     C^H^SO.H     +     H^O. 

(b)  C2H5SO4H     +     C2H5OH     = 

=     (C,H,),0       +     H,SO,. 

It  will  be  noted  that  the  above  reaction  finishes  with  as  much  acid 
as  it  began,  and  this  is  a  fact,  a  small  quantity  of  sulphuric  acid  being 
capable  of  etherizing  a  large  quantity  of  alcohol. 

The  only  reason  why  the  same  sulphuric  acid  cannot  be  used  in- 
definitely is  the  fact  that  the  acid  finally  becomes  so  greatly  diluted 
with  water  that  it  is  incapable  of  further  chemical  action. 

As  to  the  practical  details  of  ether  formation,  the  sulphuric  acid  is 
placed  in  a  suitable  container  (still  body),  gently  warmed,  and  upon 
it  the  alcohol  is  allowed  slowly  to  trickle.  Contact  of  the  alcohol 
with  the  acid  is  followed  by  the  formation  of  ether,  which  is  imme- 
diately distilled.  The  distillate  usually  contains  about  74  per  cent, 
of  ethyl  oxide,  and  in  this  form  was  official  in  the  pharmacopoeia  of 
1880.  The  greater  portion  of  the  alcohol  can  be  removed  by  cautious 
distillation,  and  ether,  U.  S.  P.,    which    was    called   cether  fortior   in 
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U.  S.  p.  1880,  is  directed  to  contain  at  least  96  per  cent,  of  ethyl 
oxide. 

Ether  is  a  clear,  limpid  liquid  of  specific  gravity  0.716,  boiling  at 
37°  C,  and  as  it  is  exceedingly  volatile,  must  be  kept  in  tightly  closed 
bottles  away  from  a  flame.     It  is  used  in  phar- 
macy as  a  solvent,  being  the  menstruum  formerly  wm 
directed  in  the  preparation  of  the  oleoresins.                           .^iJLJhiK 

Its  medicinal  use  is  as  an  anesthetic,  while 
in  minute  quantities  it  acts  as  a  sedative. 

Dose. — 1  Cc.  (15  minims). 

Syrup  of  ether  of  the  French  Codex  is  well  adapted  ..liiuii 

for  administration  of  ether  as  a  sedative.     This  is  made  ^^B 

by  agitating  500  parts  of  syrup  with  30  parts  of  ether  ^^HBH                i  I 

in  a  bottle  provided  with  an  orifice  at  the  bottom  (the  i^^^^JiliillliL/'".';      ^ 

Thudicum  nasal  douche  bottle,  P'ig.  221,  with  rubber  tube  ^xs^i»^**'*'^^x 

replaced  by  a  cork).     Ether  is  macerated  with  the  syrup  ^-^^g^^        ^J^ 

for  five  or  six  days  with  occasional  agitation;   then  it  is  timlr       '""'^i <>'' 

allowed  to  stand,  and  the  clear  syrup  drained  off  from  the  Fig.  221. — Nasal  douche 

ethereal  mixture,  which  floats  on  the  surface.     This  is  the  bottle, 
only  satisfactory  way  of  making  syrup  of  ether. 

Schleich's  solution  was  introduced  some  years  ago  as  the  safest  form  of  anes- 
thetic. 

There  are  three  forms  of  the  solution  recommended  by  Dr.  Schleich  for  anesthesia 
for  short,  moderate,  or  long  periods  respectively: 

I.  Chloroform  45,  ether  180,  petroleum  ether  15.  Boiling-point,  38°  C. 

(B.  P.  60°-65°) 

II.  Chloroform  45,  ether  150,  petroleum  ether  15.  Boiling-point,  40°  C. 

III.  Chloroform  30,  ether    80,  petroleum  ether  15.  Boiling-point,  42°  C. 

It  is  an  open  question  as  to  whether  such  mixture  even  possesses  a  definite 
boiling-point. 

In  dispensing  this  the  pharmacist  must  be  careful  to  use  petroleum  ether  and 
not  commercial  benzin.  For  similar  purposes  is  the  "A.  C.  E.  Mixture,"  which  con- 
sists of  alcohol,  1  fluidounce;  chloroform,  2  fluidounces,  and  ether,  3  fluidounces. 
This  is  very  popvdar  in  English  hospitals. 

Two  official  preparations  of  ether  are  spirit  of  ether  and  compound 
spirit  of  ether,  both  of  which  are  described  under  Spirits  (p.  177). 

Four  esters  of  ethyl  hydrate  are  found  in  official  preparations: 
ethyl  nitrite,  in  spirit  of  nitrous  ether;  ethyl  acetate,  official  as  acetic 
ether;  ethyl  sulphate,  in  ethereal  oil;  and  ethyl  carbamate  or  urethane. 

SPIRITUS  ^THERIS  NITROSI.     Spirit  of  Nitrous  Ether. 

An  alcoholic  solution  of  Ethyl  Nitrite  [NO.OC2H5  =  74.51],  yielding,  when  freshly 
prepared  and  tested  by  the  process  given  below,  not  less  than  4  per  cent,  of  ethyl 
nitrite. 

Recipe. — Sodium  Nitrite,  one  hundred  grammes 100.0  Gm. 

Sulphuric  Acid,  forty  cubic  centimeters 40.0  Cc. 

Monohydrated  Sodium  Carbonate,  six-tenths  of  a 

gramme 0.6  Gm. 

Potassium    Carbonate,    completely   deprived    of 

water  by  drying,  three  grammes 3.0  Gm. 

Alcohol, 

Water,  each,  a  sufficient  quantity. 

Mix  the  Sulphuric  Acid  with  one  hundred  and  twenty  cubic  centimeters  of  Water, 
cool  the  liquid,  add  eighty-five  cubic  centimeters  of  Alcohol  previously  diluted  with  an 
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equal  volume  of  Water,  and  introduce  the  solution  into  a  1000-Cc.  flask,  surrounded 
by  a  mixture  of  ice  and  water.  Dissolve  the  Sodium  Nitrite  in  two  hundred  and 
eighty  cubic  centimeters  of  Water,  filter,  and,  having  poured  the  filtrate  into  a  sepa- 
ratory  funnel,  allow  the  liquid  to  slowly  drop  into  the  flask  containing  the  acid  mix- 
ture. When  all  has  been  added  and  the  reaction  is  complete,  allow  any  crystals 
which  may  have  formed  to  settle  at  the  bottom  of  the  flask,  and  decant  the  cold 
mixture  of  ethyl  nitrite  and  aqueous  solution  quickly  to  the  previously  cleaned  sepa- 
ratory  funnel,  and  draw  off  and  discard  the  aqueous  liquid.  Wash  the  separated 
ethyl  nitrite,  first,  with  twenty  cubic  centimeters  of  ice-cold  Water,  and  then  remove 
any  traces  of  acid  by  wasliing  it  with  fifteen  cubic  centimeters  of  ice-cold  Water,  in 
which  the  Monohydrated  Sodium  Carbonate  has  previously  been  dissolved.  Care- 
fully separate  the  ethyl  nitrite  from  the  aqueous  liquid,  and  agitate  it  in  a  well- 
stoppered  vial  with  the  Potassium  Carbonate  to  remove  traces  of  water.  Then  cool 
the  liquid,  decant,  and  pour  the  ethyl  nitrite  immediately  into  a  tared  bottle  con- 
taining five  hundred  grammes  of  Alcohol.  Ascertain  the  weight  of  the  ethyl  nitrite 
poured  into  the  Alcohol  by  noting  the  increase  in  weight  of  the  tared  bottle  and  con- 
tents, and  then  add  enough  Alcohol  to  make  the  mixture  weigh  twenty-two  times  the 
weight  of  the  ethyl  nitrite  added.  Lastly,  transfer  the  product  to  small,  well- 
stoppered,  dark  amber-colored  vials,  and  keep  these  in  a  cool  place,  remote  from 
lights  or  fire. 

A  clear,  mobile,  volatile,  and  inflammable  liquid  of  a  pale  yellowish  or  faintly 
greenish-yellow  tint,  having  a  fragrant,  ethereal,  and  pungent  odor,  free  from  acridity, 
and  a  sharp,  burning  taste. 

Specific  gravity:  about  0.823  at  25°  C.  (77°  F.). 

When  freshly  prepared,  or  even  after  being  kept  for  some  time  with  but  little 
exposure  to  light  and  air,  it  is  neutral  to  litmus-paper.  When  long  kept,  or  after 
having  been  freely  exposed  to  air  and  light,  it  acquires  an  acid  reaction,  but  it  should 
not  effervesce  when  a  crystal  of  potassium  bicarbonate  is  dropped  into  it. 

If  a  test-tube  be  half  filled  with  the  Spirit,  and  put  into  a  water-bath  heated 
to  65°  C.  (149°  F.)  until  it  has  acquired  this  temperature,  the  Spirit  should  boil  dis- 
tinctly upon  the  addition  of  a  few  small  pieces  of  broken  glass. 

If  10  Cc.  of  the  Spirit  be  mixed  with  5  Cc.  of  potassium  hydroxide  T.S.,  pre- 
viously diluted  with  5  Cc.  of  water,  the  mixture  will  assume  a  yellow  color  which 
should  not  turn  decidedly  brown  within  twelve  hours  (limit  of  aldehyde). 

Assay  for  Ethyl  Nitrite 

Transfer  about  30  Gm.  of  the  Spirit  of  Nitrous  Ether,  which  has  been  previously 
shaken  with  0.5  Gm.  of  potassium  bicarbonate,  to  a  tared  100-Cc.  measuring  flask, 
and  weigh  it  accurately.  Add  sufficient  alcohol  to  bring  the  volume  to  exactly 
100  Cc,  and  mix  thoroughly.  Introduce  into  a  nitrometer  (see  p.  662)  exactly  10 
Cc.  of  the  alcoholic  solution,  followed  by  10  Cc.  of  potassium  iodide  T.S.,  and 
afterward  by  10  Cc.  of  normal  sulphuric  acid  V.S.  When  the  volume  of  gas 
has  become  constant  (within  30  to  60  minutes),  note  the  volume  of  gas  collected. 
Multiply  this  volume  in  Cc.  by  0.307,  and  divide  the  product  by  the  original  weight 
of  the  Spirit  of  Nitrous  Ether.  At  standard  temperature  and  pressure,  the  quotient 
will  represent  the  percentage  of  ethyl  nitrite  in  the  liquid.  The  temperature  cor- 
rection is  one-third  of  one  per  cent,  of  the  total  percentage  just  found  for  each  de- 
gree, additive  if  temperature  is  below,  subtractive  if  above,  25°  C.  (77°  F.).  The 
barometric  correction  is  four-thirtieths  of  one  per  cent,  for  each  millimeter,  additive 
if  above,  subtractive  if  below,  760. 

When  assayed  according  to  the  above  method.  Spirit  of  Nitrous  Ether  should 
yield  not  less  than  4  per  cent,  of  ethyl  nitrite. 

Recipe. — Given  above. 

Tests  for  Identity. — Given  above. 

Impurities. — Free  acid,  excess  of  aldehyde,  details  above. 

Remarks. — The  manufacture  of  this  body,  as  already  outlined  on 
p.  632,  is  performed  by  treating  alcohol  with  nitrous  acid  in  the  pres- 
ence of  sulphuric  acid.  Nitrous  acid  itself  is  rather  an  unstable  com- 
pound, hence  in  the  official  preparation  it  is  obtained  by  treating 
sodium  nitrite  with  sulphuric  acid.     Besides,  in  this  and  all  other  esters, 
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a  dehydrating  agent  (usually  sulphuric  acid)  is  necessary  to  remove  the 
water  which  is  the  side  product  in  ester  formation  (p.  632). 

While  the  process  of  manufacture  of  spirit  of  nitrous  ether  in 
the  two  pharmacopoeias  (U.  S.  P.  VIII.  and  U.  S.  P.  1890)  are 
similar  as  far  as  the  formation  of  ethyl  nitrite  is  concerned,  the  two 
differ  materially  as  to  the  separation  of  the  ethyl  nitrite  from  the 
reacting  solution.  The  recipe  of  the  present  pharmacopoeia  provides 
that  the  reaction  take  place  in  a  vessel  surrounded  by  a  freezing  mix- 
ture, and  that  the  ethyl  nitrite  formed  (insoluble  in  and  lighter  than 
water)  be  separated  from  the  aqueous  layer,  freed  from  acid  by  treat- 
ment with  sodium  carbonate  solution,  and  from  water  by  use  of  ex- 
siccated potassium  carbonate,  and  then  mixed  with  twenty-one  times 
its  weight  of  alcohol. 

In  the  process  of  1890  the  reaction  takes  place  at  normal  temperatures,  and  the 
ethyl  nitrite  is  separated  by  distillation,  the  details  being  as  follows: 

In  a  capacious  flask  is  placed  sodium  nitrite  dissolved  in  water  and  the  alcohol. 
The  flask  is  tightly  fitted  with  a  two-hole  cork,  through  one  hole  of  which  passes  a 
separatory  funnel,  while  through  the  other  passes  a  glass  tube  connected  with  an 
appropriate  series  of  condensers.  The  sulphuric  acid  is  diluted  with  water,  and  while 
still  warm  the  mixture  is  allowed  to  trickle  on  the  sodium  nitrite  solution  in  the  flask 
through  the  separatory  funnel. 

This  causes  the  following  reactions: 


2NaN0a     +     HjSO^ 
C,H,OH     +     HNO, 


Na^SO^       +     HNO, 


The  ethyl  nitrite  liberated,  being  very  volatile,  passes  over  into  the  condenser,  from 
which  it  emerges  as  a  light  yellow  liquid,  having  the  odor  of  apples,  boiling  at  18°  C, 


Fig.  222. — Upright  condenser  for  spirit  of  nitrous  ether,  U.  S.  P.  1890. 

and  with  specific  gravity  0.900  at  15°  C.  From  this  ethyl  nitrite  traces  of  acid  are 
removed  by  washing  with  a  cold  solution  of  sodium  carbonate,  and  the  ether  is  then 
freed  from  water  by  treating  with  dried  potassium  carbonate  and  finally  mixed  with 
twenty-one  times  its  own  weight  of  alcohol. 

In  order  to  obtain  a  good  yield  of  the  exceedingly  volatile  ethyl  nitrite  great 
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care  must  be  taken  for  thorough  condensation.  This  is  best  accomplished  by  the 
apparatus  shown  in  Fig.  222,  where  the  vapors  are  first  passed  up  a  tall  tube  and 
then  passed  down  in  the  smaller  flask,  in  transit  passing  through  a  layer  of  ice  and 
salt.  By  such  a  method  a  yield  as  large  as  52  Gm.  has  been  obtained  from  55  Cc. 
alcohol,  the  theoretic  yield  being  67  Gm.  of  nitrite  from  55  Cc.  alcohol. 

The  actual  operation  runs  smoothly,  provided  due  care  is  taken  that  the  ethyl 
nitrite  passes  over  regularly  and  without  sudden  rushes.  This  is  accomplished  by 
constantly  agitating  the  reaction  flask.  If  this  is  not  done,  the  liquid  in  the  flask 
forms  two  layers,  the  sulphuric  acid  being  below  and  the  sodium  nitrite  solution 
above.  If  these  two  layers  are  permitted  to  form,  agitation  may  result  in  a  sudden 
production  of  large  quantities  of  ethyl  nitrite  with  sufl&cient  force  to  cause  an  ex- 
plosion. The  temperature  of  the  reaction  is  usually  sufiicient  to  distil  over  all  the 
ethyl  nitrite  formed.  However,  it  is  a  matter  of  wisdom  to  finish  the  operation 
after  the  reaction  appears  to  have  ceased,  by  gently  warming  the  mixture  by  means 
of  a  water-bath. 

The  finished  spirit  of  nitrous  ether  is  an  alcoholic  solution  of  pure 
ethyl  nitrite,  and  does  not  represent  the  original  sweet  spirit  of  nitre, 
which  was  prepared  by  distilling  alcohol  with  a  mixture  of  nitric  and 
sulphuric  acids.  The  alcohol  in  the  latter  case  acts  as  a  reducing  agent 
on  the  nitric  acid,  and,  inversely,  the  nitric  acid  oxidizes  certain  por- 
tions of  alcohol,  with  formation  of  aldehyde.  The  reactions  are  as 
follows: 

CHaCHjOH     +     HNO3     =     CH3CHO     +     HNO,     +     H,0. 
C2H5OH     +     HNOa     =     C^HjNOa     +     H,0. 

Spirit  of  nitrous  ether  contains  4  to  5  per  cent,  of  ethyl  nitrite, 
and  as  it  rapidly  deteriorates  on  standing,  should  be  either  freshly  pre- 
pared or  assayed  from  time  to  time.     The  method 
of  assaying  is  not  difficult  and  quite  interesting. 

It  consists  in  pouring  5  Cc.  of  the  spirit  into 
an  appropriate  nitrometer,  then  adding  solution  of 
potassium  iodide  and  diluted  sulphuric  acid,  where- 
upon the  resulting  decomposition  yields  the  gas 
NO  or  NjOj,  as  shown  in  the  following  equation: 

C2H5NO2  +  KI  -I-  H^SO,  =  C2H5OH  +  KHSO,  +  I  -I-  NO. 

The  nitrometer  is  a  graduated  tube  shown  in 
Fig,  223,  but  in  lieu  of  the  expensive  apparatus 
fair  results  can  be  obtained  by  using  a  Squibb 
urea  apparatus. 

The  gas,  NjOj,  forces  down  the  salt  water  with 
which  the  nitrometer  is  filled,  and  thus  the  volume 
of  the  gas  evolved  can  be  easily  read.  The  5  Cc. 
of  _  ethyl  nitrite  should  yield  55  Cc.  of  nitrous 
oxide  gas.  The  present  pharmacopoeia  makes  the 
assay  more  accurate  by  weighing  a  definite  amount 
of  the  spirit,  diluting  with  alcohol,  and  using  one- 
tenth  the  volume  of  the  dilution.  It  also  directs 
that  the  volume  of  NjOj  gas  be  adjusted  to  the 
Fig.  223.— Curtman's  temperature  25°  C,  and  the  barometric  pressure 
nitrometer.  of  760  mm.  of  mercury.     (See  p.  660.) 


The  arithmetic  of  the  above  statement  that  5  Cc.  spirit  of  nitrous  ether  should 
yield  55  Cc.  nitrous  dioxide  is  as  follows: 
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5  Cc.  spirit  (sp.  gr.  0.823)  weigh  5X0.823  =  4.115  Gm. 

4.115  Gm.  spirit  (4  per  cent.)  contain  4.115X0.04  =0.1646  Gm.  ethyl  nitrite. 
CjHsNO^     +     KI     +    H,SO«     =    C2H5OH     +     KHSO,     +     I     +     NO. 
74.15  29.81 

We  see  from  the  above  equation  that 

74.15  Gm.  ethyl  nitrite  yield  29.81  Gm.  nitrogen  dioxide. 
Then  0.1646  Gm.  ethyl  nitrite  yields  7^1^^^X29.81  Gm.  nitrogen  dioxide, 

or  0.0661  Gm.  nitrogen  dioxide. 
1000  Cc.  nitrogen  dioxide  weigh  1.2272  Gm.  (p.  1055). 
Then  0.0661  Gm.  nitrogen  dioxide  measures  tf  f  H  X 1000  Cc,  or  53.8  Cc. 
Hence,  it  will  be  seen  that  a  spirit  of  nitrous  ether,  5  Cc.  of  which  will  yield  55  Cc. 
nitrogen  dioxide  gas,  must  contain  slightly  more  than  4  per  cent,  ethyl  nitrite. 

Sweet  spirit  of  nitre,  as  the  spirt  is  called,  is  valuable  as  a  febrifuge 
and  diuretic. 

Dose. — 2  Cc.  (30  minims). 

^THER  ACETICUS.     Acetic  Ether. 

A  liquid  composed  of  about  90  per  cent.,  by  weight,  of  Ethyl  Acetate  [CH3CO.- 
OC2H5  =  87.40]  and  about  10  per  cent,  of  alcohol  containing  a  Uttle  water.  It 
should  be  kept  in  well-stoppered  bottles,  in  a  cool  and  dark  place,  remote  from  lights 
or  fire. 

A  transparent,  colorless  liquid,  of  a  fragrant  and  refreshing,  slightly  acetous  odor, 
and  a  peculiar  acetous  and  burning  taste. 

Specific  gravity:  0.883  to  0.885  at  25°  C.  (77°  F.). 

Soluble  in  about  7  parts  of  water  at  25°  C.  (77°  F.);  miscible,  in  all  proportions, 
with  alcohol,  ether,  fixed  and  volatile  oils. 

Boiling-point:  about  72°  C.  (161.6°  F.). 

Acetic  Ether  is  readily  volatilized,  even  at  a  low  temperature.  It  is  inflammable, 
burning  with  a  yellowish  flame  and  an  acetous  odor. 

It  should  not  immediately  redden  blue  litmus-paper. 

Upon  evaporation.  Acetic  Ether  should  leave  no  residue. 

If  a  portion  be  allowed  to  evaporate  spontaneously  from  clean,  odorless  blotting- 
paper,  the  final  odor  should  not  resemble  that  of  pineapple  (absence  of  butylic  and 
amylic  derivatives). 

When  25  Cc.  of  Acetic  Ether  are  shaken,  in  a  graduated  tube,  with  25  Cc.  of 
water  just  previously  saturated  with  Acetic  Ether,  upon  separation  the  ethereal 
layer  should  not  measure  less  than  22.5  Cc.  (absence  of  an  undue  proportion  of  alcohol 
or  water).  , 

When  a  small  portion  of  Acetic  Ether  is  carefully  poured  upon  concentrated 
sulphuric  acid,  no  dark  ring  should  be  developed  at  the  point  of  contact  of  the  two 
layers  (absence  of  readily  carbonizable,  organic  impurities). 

Tests  for  Identity. — Given  above. 

Impurities. — Butylic  and  amylic  derivatives;  excess  of  alcohol  or 
water;  readily  carbonized  organic  impurities.     Details  above. 

Remarks. — This  represents  at  least  90  per  cent,  ethyl  acetate,  the 
acetic  acid  ester  of  ethyl  alcohol.  The  method  of  manufacture  is 
similar  to  that  of  ethyl  nitrite,  namely,  treating  alcohol  with  sodium 
acetate  and  sulphuric  acid  by  the  following  reaction: 

C^HjOH     +     NaCjHjOj     +     H^SO^     =     C.R.C^Rfi^     +     NaHSO,     +     H,0. 

The  sodium  acetate  and  alcohol  are  mixed  in  the  distilling  flask  and 
the  sulphuric  acid  allowed  to  trickle  in  from  a  separatory  funnel,  the 
mixture  warmed,  and  the  resulting  ethyl  acetate  distilled. 

Acetic  ether  is  a  liquid  of  very  delightful  odor,  and  is  one  of  the 
most  popular  of  the  fruit  ethers  used  in  preparing  artificial  flavoring 
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extracts,  the  other  ethers  utilized  for  the  purpose  being  butyric  ether, 
amyl  acetate,  and  pelargonic  ether. 

Acetic  ether  is  of  considerable  value  in  organic  chemistry  as  a 
crystallizing  solvent.     It  has  but  little  medicinal  use. 

Dose. — 1  Cc.  (15  minims). 

Ethyl  Sulphate,  (€2115)2804. — This  is  a  constituent  of  the  official 
ethereal  oil. 

OLEUM   iETHEREUM.     Ethereal  Oil. 

A  volatile  liquid  consisting  of  equal  volumes  of  heavy  oil  of  wine  and  ether. 

Recipe. — Alcohol,  one  thousand  cubic  centimeters 1000  Cc. 

Sulphuric  Acid,  one  thousand  cubic  centimeters.  .  .  .  1000  Cc. 

Distilled  Water,  twenty-five  cubic  centimeters 25  Co. 

Ether,  a  sufficient  quantity. 

Add  the  Sulphuric  Acid  slowly  to  the  Alcohol,  mix  them  thoroughly,  and  allow 
the  mixture  to  stand,  in  a  closed  flask,  for  twenty-four  hours,  or  until  the  liquid  is 
clear;  then  pour  the  clear  liquid  into  a  tubulated  retort  of  such  capacity  that  the 
mixture  shall  nearly  fill  it.  Insert  a  thermometer  through  the  tubulure,  so  that  the 
bulb  shall  be  deeply  immersed  in  the  liquid,  and,  having  connected  the  retort  with 
a  well-cooled  condenser,  and  also  having  connected  with  the  receiver  a  bent  glass 
tube  for  conducting  the  uncondensed  gases  into  water,  distil,  by  means  of  a  sand- 
bath,  at  a  temperature  between  150°  and  160°  C.  (302°  and  320°  F.),  until  oily 
drops  cease  to  come  over,  or  until  a  black  froth,  which  forms  on  the  surface,  begins 
to  rise  in  the  retort.  Separate  the  yellow,  ethereal  liquid  from  the  distillate,  and 
expose  it  to  the  air  for  twenty-four  hours,  in  a  shallow  dish.  Then  transfer  it  to  a 
wet  filter,  and,  when  the  aqueous  portion  has  drained  off,  wash  the  oil  which  is  left 
on  the  filter  with  the  Distilled  Water,  which  should  be  as  cold  as  possible.  When 
this  also  has  been  drained  off,  transfer  the  oil  to  a  graduated  measure,  and  add  to  it 
an  equal  volume  of  Ether.  Keep  the  product  in  small,  glass-stoppered  vials,  in  a 
cool  place. 

A  transparent,  nearly  colorless,  volatile  liquid,  of  a  peculiar,  aromatic,  ethereal 
odor,  and  a  pungent,  refreshing,  bitter  taste;  neutral  to  dry  litmus-paper. 

Specific  gravity:  0.905  at  25°  C.  (77°  F.). 

Remarks. — This  product  is  manufactured  by  treatment  of  alcohol 
with  sulphuric  acid,  allowing  the  mixture  to  macerate  for  twenty-four 
hours,  then  pouring  same  into  a  retort,  and  distilling  the  mixture  until 
the  frothy  residue  of  the  retort  rises  to  the  point  where  there  is  danger 
of  it  running  over.  This  reaction,  which  yields  varying  quantities 
of  ethyl  sulphate  and  ethylsulphovinate,  called  "heavy  oil  of  vnne," 
is  dissolved  in  an  equal  volume  of  ether. 

In  the  process  large  quantities  of  ether  are  formed,  for  it  will  be 
noticed  that  the  product  is  manufactured  by  a  method  very  similar  to 
that  of  the  manufacture  of  ether,  and  with  exactly  the  same  constit- 
uents, the  difference  in  the  manufacture  being  summed  up  briefly  as 
follows:  Alcohol  plus  sulphuric  acid  plus  immediate  distillation  gives 
ether.  Alcohol  plus  sulphuric  acid  plus  distillation,  after  standing, 
gives  ethereal  oil. 

The  yield  of  ethereal  oil  is  about  20  Cc.  of  the  U.  S.  P.  product 
from  1100  Cc.  alcohol,  an  output  sosmall  as  to  be  scarcely  worth 
the  pharmacist's  time  to  manufactufeT^The  very  fact,  however, 
that  the  yield  is  slnall  makes  the  ethereal  oil  very  expensive,  and  hence 
liable  to  adulteration,  and  it  is  said  that  the  larger  amount  of  the  so- 
called  ethereal  oil  on  the  market  consists  merely  of  the  last  distillate 
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in  the  process  of  the  manufacture  of  ether,  and  even  this  is  sometimes 
adulterated,  one  of  the  favorable  adulterants  being  castor  oil,  which 
liquid  has  about  the  same  specific  gravity  as  ethereal  oil.  This  falsi- 
fication, however,  can  be  easily  detected  by  reason  of  the  permanent 
greasy  stain  that  such  ethereal  oil  will  leave  on  filter-paper,  whereas 
true  ethereal  oil  is  uniformly  volatile.  Ethereal  oil  is  a  light  yellow 
liquid,  having  a  peculiar  penetrating  odor,  used  as  a  constituent  of 
compound  spirit  of  ether,  and  is  in  itself  a  stimulant. 

The  manufacture  of  ethereal  oil  gives  interesting  proof  of  the 
presence  of  carbon  in  alcohol,  the  residue  from  the  distillate  of  a 
mixture  of  pure  sulphuric  acid  and  alcohol  consisting  primarily  of 
carbon. 

.^thylis  Carbamas  (U.  S.  P.). — Ethyl  carbamate  can  best  be  con- 
sidered among  the  compounds  of  carbonic  acid  (p.  748). 

Acetaldehyde  is  the  aldehyde  of  ethyl  alcohol,  and  its  original 
name  has  been  shortened  and  employed  as  the  name  for  the  entire 
class  of  aldehydes,  even  as  the  class  alcohols  are  named  after  the  ori- 
ginal type,  grain  alcohol. 

Aldehyde  was  discovered  by  Fourcroy  and  Vauquelin  in  1800. 
Liebig,  observing  that  aldehyde  differed  from  alcohol  in  the  loss  of 
hydrogen  atom,  named  the  finished  product  "alcohol  dehydrogena- 
tus."  By  combining  the  first  syllables  of  the  two  words  the  name 
aldehyde  was  devised. 

It  will  be  noticed  that  the  aldehydes  are  not  named  after  the 
hydrocarbons  from  which  derived,  but  from  the  acids  they  yield  on 
oxidation.  Thus  the  aldehyde  under  consideration  is  never  called 
ethyl  aldehyde,  but  acetaldehyde,  likewise  the  aldehyde  of  methyl 
is  not  called  methyl  aldehyde,  but  formaldehyde,  because  eventually 
yielding  formic  acid. 

Ordinary  aldehyde  is  CH3CHO;  like  other  aldehydes,  it  is  made  by 
the  oxidation  of  the  corresponding  alcohol — in  this  case,  ethyl  alcohol. 
Ethyl  alcohol  is  C2H5OH,  and  its  formula  can  be  written  CH3CH2OH, 
or  even  CH3CHHOH. 

Suppose  this  be  oxidized  by  bringing  it  in  contact  with  some 
substance  yielding  oxygen,  like  potassium  dichromate  and  sulphuric 
acid — we  get  a  reaction  like  the  following,  the  underscored  hydrogen 
and  oxygen  atoms  separating  as  water,  the  new  oxygen  atom  going 
into  the  compound: 

CH3CHHOH     +     O     =     HjO     +     CH3CHO  (acetaldehyde). 

The  manufacture  of  aldehyde  is  accomplished  by  treating  ethyl 
alcohol  with  a  mixture  of  potassium  dichromate  and  sulphuric  acid, 
a  very  simple  and  pretty  experiment.  The  orange-red  solution  of 
chromic  acid  formed  when  potassium  dichromate  and  sulphuric  acid 
are  mixed  shows  the  process  of  oxidation  by  changing  to  green  as  it 
parts  with  its  oxygen,  the  green  color  being  due  to  the  formation  of 
chromium  sulphate,  Cr,(S04)3.  Aldehyde  is  a  liquid  of  characteristic 
odor,  boiling  at  21°  C. 

It  is  not  official,  but  its  poly  mere,  paraldehyde,  is  accorded  phar- 
macopoeial  recognition. 
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PARALDEHYDUM.     Paraldehyde. 

CeH^Os  =  131.10 

A  polymer  of  acetaldehyde  [CH3.C0H  =  43.70].  Paraldehyde  should  be  kept 
in  well-stoppered,  dark  amber-colored  bottles,  in  a  cool  place. 

A  colorless,  transparent  liquid,  having  a  strong,  characteristic,  but  not  unpleas- 
ant or  pungent  odor,  and  a  burning  and  cooling  taste. 

Specific  gravity:  0.990  at  25°  C.  (77°  F.). 

Soluble  in  8  parts  of  water  at  25°  C.  (77°  F.)  and  in  16.5  parts  of  boiling  water; 
the  cold  aqueous  solution  becomes  turbid  on  being  boiled.  Paraldehyde  is  miscible, 
in  all  proportions,  with  alcohol,  ether,  and  fixed  or  volatile  oils. 

When  cooled  to  near  0°  C.  (32°  F.),  Paraldehyde  solidifies  to  a  crystalline  mass, 
which  becomes  liquid  again  at  10.5°  C.  (51°  F.).  It  boils  at  123°  to  125°  C.  (253.4° 
to  257°  F.),  evolving  inflammable  vapors. 

Paraldehyde  is  neutral  or  slightly  acid  to  litmus-paper. 

When  distilled  with  a  small  portion  of  sulphuric  acid.  Paraldehyde  is  converted 
into  acetaldehyde,  boiling  at  about  21°  C.  (69.8°  F.).  On  warming  in  a  test-tube 
some  silver  ammonium  nitrate  T.S.,  saturated  with  Paraldehyde,  a  silver  mirror  will- 
form  on  standing. 

On  heating  some  Paraldehyde  on  a  water-bath,  it  should  completely  volatilize, 
without  leaving  any  disagreeable  odor  (absence  of  impurities  derived  from  fiisel  oil). 

One  Cc.  of  Paraldehyde  should  form,  with  10  Cc.  of  water,  a  clear  solution,  free 
from  oily  drops  (absence  of  amyl  alcohol,  etc.),  and  portions  of  this  solution,  when 
acidulated  with  nitric  acid,  should  not  be  affected  by  silver  nitrate  T.S.  (absence  of 
hydrochloric  add)  or  barium  chloride  T.S.  (absence  of  sidphuric  acid). 

A  mixture  of  8  Cc.  of  Paraldehyde  and  8  Cc.  of  alcohol  with  1  drop  of  phenol- 
phthalein  T.S.  should  acquire  a  pink  color  upon  the  addition  of  0.5  Cc.  of  normal 
potassium  hydroxide  V.S.  (limit  of  free  acid). 

Tests  for  Identity. — Given  above. 

Impurities. — Fusel  oil  derivative,  amyl  alcohol,  hydrochloric  acid, 
sulphuric  acid,  excess  of  free  acid.     Details  above. 

Remarks. — This  body  represents  the  condensation  of  three  mole- 
cules of  aldehyde,  hence  has  the  formula  (021140)3. 

This  is  the  first  example  of  condensation  we  have  considered, 
and  it  is  of  interest  to  know  that  such  does  not  merely  mean  the  com- 
pression of  three  molecules  of  a  substance  into  one  molecule  of  a  new 
compound,  but  that  in  this  process  of  changing  the  character  of  the 
compound  becomes  considerably  altered.  Thus  to  paraldehyde  is 
given  the  structural  formula — 


H    CH, 


The  condensation  of  aldehyde  to  paraldehyde  is  accomplished  by 
passing  hydrochloric  acid  gas  through  the  former.  Paraldehyde  is  a 
liquid  of  peculiar,  pungent  odor,  specific  gravity  0.99,  boiling  at  123° 
to  125°  C.  It  is  a  sedative  and  hypnotic  of  particular  value  in  cases 
of  delirium  tremens. 

Dose. — 2  Cc.  (30  minims). 
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CHLORALUM  HYDRATUM.     Hydrated  Chloral. 

CjHClsO  +  HjO  =  164.12 
[Chloral,  Pharm.  1890] 

A  crystalline  solid,  composed  of  trichloraldehyde  or  chloral  [CCI3.COH]  with  the 
elements  of  one  molecule  of  water.  It  should  be  kept  in  glass-stoppered  bottles, 
in  a  cool  and  dark  place. 

Separate,  rhomboidal,  colorless,  and  transparent  crystals,  having  an  aromatic, 
penetrating,  and  slightly  acrid  odor,  and  a  bitterish,  caustic  taste;  slowly  volatilized 
when  exposed  to  the  air. 

Freely  soluble  in  water,  alcohol,  or  ether;  also  in  chloroform,  benzene,  petro- 
leum benzin,  carbon  disulphide,  fixed  and  volatile  oils.  It  liquefies  when  triturated 
with  about  an  equal  quantity  of  camphor,  menthol,  thymol,  or  phenol. 

When  dried  and  heated  to  about  58°  C.  (136.4°  F.),  it  melts,  forming  a  liquid 
having  a  specific  gravity  of  about  1.575,  which,  at  a  higher  temperature,  should  not 
evolve  inflammable  vapors.  Liquefied  Hydrated  Chloral  solidifies  to  a  crystalline 
mass  between  35°  and  50°  C.  (95°  and  122°  F.). 

Hydrated  Chloral  is  decomposed  by  caustic  alkalies,  alkaline  earths,  and  am- 
monia, chloroform  and  a  formate  of  the  base  being  produced.  When  warmed  with  a 
few  drops  of  aniline  and  sodium  hydroxide  T.S.,  the  intensely  disagreeable  odor  of 
phenyl-isocyanide  (isonitril  reaction)  should  be  produced. 

Hydrated  Chloral  should  be  dry,  and  not  readily  attract  moisture  in  dry  air. 

A  freshly  prepared,  aqueous  solution  of  Hydrated  Chloral  should  be  neutral 
to  litmus-paper,  but  it  gradually  acquires  an  acid  reaction.  A  neutral  alcoholic 
solution  remains  neutral  permanently. 

An  aqueous  solution  of  Hydrated  Chloral  (1  in  20),  acidulated  with  nitric  acid, 
should  remain  unaffected  by  silver  nitrate  T.S.  (absence  of  hydrochloric^  acid  and 
chlorides). 

If  1  Gm.  of  Hydrated  Chloral  be  placed  in  a  porcelain  dish  and  be  covered  with  1 
Cc.  of  nitric  acid  (sp.  gr.  1.38),  no  yellowish  coloration  of  the  mixture  should  be  pro- 
duced at  ordinary  temperatures,  or  even  after  warming  the  mixture  3  or  4  minutes, 
nor  should  yellowish  fumes  be  produced  after  ten  minutes'  warming  (absence  of 
chloral  alcoholate). 

Tests  for  Identity. — See  above. 

Impurities. — Hydrochloric  acid  and  chlorides;  chloral  alcoholate. 
Details  given  above. 

Remarks. — Chloral  hydrate  was  discovered  by  Liebig  in  1832,  but 
was  considered  merely  as  an  interesting  chemical  rarity  until  its  real 
value  as  a  sedative  was  discovered  in  1869  by  Liebreich. 

The  former  pharmacopoeial  name,  chloral,  is  a  misnomer,  as  the 
true  chloral  is  a  liquid  which,  on  addition  of  one  molecule  of  water, 
forms  the  crystalline  official  substance. 

Chloral  is  an  aldehyde,  the  three  hydrogen  atoms  of  whose  methyl 
group  are  replaced  by  chlorine,  as  shown  by  comparison  of  formulas: 

CH3CHO  CCI3CHO 

Aldehyde.  Chloral. 

Chloral  is  made  by  passing  chlorine  gas  through  alcohol.  Chlorine 
acts  as  an  oxidizing  agent — that  is,  it  is  one  of  those  substances  by 
which  oxygen  can  be  brought  in  contact  with  and  united  to  a  body. 
We  have  seen  just  above  that  alcohol,  when  oxidized,  is  converted  into 
aldehyde.  When  chlorine  is  employed  as  the  oxidizing  agent,  it  also 
replaces  the  hydrogen  of  the  aldehyde,  forming  chloral.  The  stages 
of  the  process  are: 

CH3CHHOH       — »►       CH3CHO       -*■       CCI3CHO 

Alcohol.  Aldehyde.  Chloral. 
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The  complete  equation  of  the  manufacture  of  chloral  from  alde- 
hyde is  as  follows: 

CH3CH2OH     +    CI2     =    CH3CHO     +    2HC1. 
CH3CHO        +    Clg     =     CCI3CHO     +     6HC1. 

In  manufacturing  chloral  by  this  process  there  is  usually  produced, 

OTT 

besides  chloral  hydrate,  a  body,  chloral  alcoholate,  CCl3CH<Qp  tt 

the  therapeutic  effect  of  which  is  quite  harmful,  and  hence  great 
caution  should  be  taken  to  avoid  same  in  official  chloral.  The  phar- 
macopoeial  test  for  its  detection  is  given  above. 

Chloral  alcoholate  is  removed  during  the  manufacture  of  chloral 
hydrate  by  upright  distillation  from  concentrated  sulphuric  acid. 
This  decomposes  the  alcoholate,  while  pure  chloral  is  unchanged. 

Chloral  hydrate  is  a  white  solid,  occurring  in  crystals  or  in  white 
amorphous  scales.     It  is  very  soluble  in  water. 

As  stated  above,  chloral  hydrate  is  quite  soluble  in  water,  and, 
therefore,  it  is  used  to  prepare  a  so-called  100  per  cent,  solution,  that 
is,  a  solution  of  one  avoirdupois  ounce  to  a  fluidounce.  However, 
it  is  scarcely  worth  while  to  keep  the  solution  on  hand,  as  it  can  be  so 
easily  prepared,  and,  moreover,  the  solution  spoils  on  standing,  the 
chloral  decomposing  into  formic  and  hydrochloric  acids. 

Chloral  hydrate  should  never  be  dispensed  in  alkaline  solution, 
as  during  the  reaction  chloroform  is  produced: 


CC13CHO 

+ 

KOH 

CHCI3 

+ 

KCOOH 

Chloral. 

Potassium 
hydroxide. 

Chlorofonn. 

Potassium 
formate. 

This,  as  noted  on  p.  642,  is  a  method  of  making  very  pure  chloro- 
form. 

Chloral  hydrate  is  one  of  the  most  valuable  hypnotics,  but,  on 
the  other  hand,  its  abuse  is  one  of  the  most  dangerous  of  the  many 
drug  habits. 

Dose. — 1  Gm.  (15  grains). 

Chloral  hydrate,  when  rubbed  with  camphor,  thymol,  or  menthol, 
is  converted  into  a  thick,  viscid  liquid,  the  former,  under  the  name 
chloral  camphor,  has  considerable  vogue  as  a  local  sedative  for  gum- 
boils and  the  like,  and,  according  to  the  National  Formulary,  is  made 
by  rubbing  together  equal  quantities  of  chloral  and  camphor  until 
liquefied. 

Quite  a  number  of  derivatives  of  chloral  are  used  as  medicines. 

CHLORALFORMAMIDUM.     Chloralformamide. 

C3H,Cl3N02  =  190.96 

A  crystalline  solid  [CCl3.CH(0H)NH.C0H],  made  by  the  direct  union  of  form- 
amide  with  anhydrous  chloral.  It  should  be  kept  in  amber-colored,  well-stoppered 
vials. 

Colorless,  lustrous  crystals,  without  odor,  and  having  a  somewhat  bitter  taste. 

Soluble  in  about  18.7  parts  of  water  and  in  1.3  parts  of  alcohol  at  25°  C.  (77°  F.). 
It  is  readily  soluble  in  ether,  glycerin,  acetone,  and  acetic  ether, 
and  formamide  being  produced. 

When  heated  with  water  to  60°  C.  (140°  F.),  it  is  hydrolyzed,  hydrated  chloral 


ETHANE   DERIVATIVES  669 

When  heated  to  from  114°  to  115°  C.  (237.2°  to  239°  F.),  it  melts,  but  at  a 
higher  temperature  it  is  decomposed. 

It  is  not  affected  by  diluted  acids,  but  it  is  decomposed  on  warming  with  alkali 
hydroxides,  the  solution  becoming  at  first  turbid,  and  then  clear,  while  chloroform 
separates. 

If  0.2  Gm.  be  heated  carefully  in  an  open  dish,  it  should  not  give  off  inflammable 
vapors,  and  should  volatilize  without  leaving  a  weighable  residue  (absence  of  in- 
organic impurities  and  distinction  from  chloral  alcoholate  and  ethyl  carbamate). 

One  Gm.  of  Chloralformamide  dissolved  in  10  Cc.  of  alcohol  should  yield  a  solution 
which  does  not  redden  moistened  blue  litmus-paper  (absence  of  formic,  hydrochloric, 
or  other  free  adds). 

If  1  Gm.  of  Chloralformamide  be  dissolved  in  10  Cc.  of  alcohol,  the  addition 
of  a  few  drops  of  silver  nitrate  T.S.  should  not  at  once  produce  turbidity  (absence  of 
decomposition  products). 

Tests  for  Identity. — Given  above. 

Impurities. — Inorganic  impurities;  chloral  alcoholate,  ethyl  car- 
bamate, formic,  hydrochloric,  or  other  free  acids,  decomposition 
products.     Details  above. 

Remarks. — This  new  official  is  made  by  treating  anhydrous  chloral 
with  formamide,  as  expressed  in  the  following  equation: 

Chloral.  Formamide.  Chloral  formamide. 

CCI3CHO         +         HCONH3         =         CCl3CH<^§(.Qjj 

and  is  typical  of  a  large  number  of  condensation  products  of  chloral 

where  the  group  — U=o  is  converted  into  the  group  — U— r,  "R" 
meaning  any  radicle  with  one  free  bond. 

Chloralformamide  (or  chloralamide,  as  it  is  sometimes  called)  is 
used  as  a  hypnotic. 

Dose. — 1  Gm.  (15  grains). 

Ural,  or  chloralurethane,  CC13<^j^tt poQf  jj    is  made  by  the  combination  of 

chloral  and  urethane  and  precipitation  of  the  crystals  from  the  reacting  liquid  by 
addition  of  concentrated  hydrochloric  acid. 

Ural  is  in  the  form  of  transparent  crystals  melting  at  103°  C,  insoluble  in  water, 
and  used  as  a  hypnotic. 

Hypnal  is  a  mixture  of  chloral  (45  per  cent.)  and  antipyrine  (55  per  cent.).  It 
melts  at  58°  C,  and  is  used  as  a  hypnotic  in  1-Gm.  doses. 

Acetic  Acid  (CH3COOH). — This  important  compound  was  known 
to  the  ancients  in  the  form  of  vinegar,  a  product  of  the  fermentation 
of  wine.  The  concentrated  form  of  acetic  acid  was  not  known  until 
1700,  when  prepared  by  Stahl,  its  production  being  accomplished  only 
after  it  was  discovered  that  one  of  the  products  of  the  destructive 
distillation  of  wood  was  acetic  acid,  this  discovery  being  made  by 
Glauber  in  1648,  who  called  the  finished  product  wood  vinegar. 

The  chemical  analysis  of  absolute  acetic  acid  was  not  accom- 
plished until  1814,  when  Berzelius  gave  careful  study  to  the  structural 
character  of  the  compound. 

Acetic  acid  occurs  naturally  in  the  sap  of  some  plants,  is  usually 
a  constituent  of  sweat,  and  is  found  as  organic  esters  in  some  oils; 
thus,  croton  oil  contains  acetin  (glyceryl  acetate). 
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Acetic  acid  has  been  produced  by  synthesis  from  carbon  disulphide. 

Carbon  disulphide  plus  chloroform  gives  carbon  tetrachloride,  CCl^. 

This  body,  under  treatment  with  metallic  sodium,  gives  ethylene  chloride, 
C2H4CI2,  and  eventually  ethane  hexachloride,  CjClg.  Ethane  hexachloride  treated 
with  water  yields  trichloracetic  acid,  CCI3COOH,  and  this,  by  reduction,  gives  acetic 
acid. 

Of  course,  the  above  method  is  of  purely  theoretic  interest,  the 
actual  manufacture  of  acetic  acid  being  either  from  the  distillation 
of  wood  or  by  the  oxidation  of  alcohol. 

The  latter,  when  diluted  and  under  the  influence  of  the  mother 
of  vinegar,  Mycoderma  aceti,  is  converted  into  vinegar,  which  represents 
a  weak  acetic  acid.  The  commercial  acetic  acid,  however,  is  produced 
by  the  destructive  distillation  of  wood. 

As  already  explained  on  p.  645,  wood,  on  being  subjected  to  heat, 
yields  a  tarry  distillate,  called  crude  pyroligneous  acid  (pyros,  meaning 
fire,  and  lignum,  wood),  which  is  composed  chiefly  of  wood  alcohol, 
acetic  acid,  and  acetone. 

The  separation  of  acetic  acid  from  this  distillate  has  already  been 
given,  so  suffice  it  to  say  that  a  very  large  quantity  of  acid  is  produced 
by  such  treatment  of  wood,  and  it  has  been  found  that  the  great  heat 
formerly  thought  necessary  to  decompose  same  is  unnecessary. 

Acetic  acid  can  best  be  prepared  by  cutting  oak  wood  in  appro- 
priate sized  billets,  putting  into  a  retort,  and  heating  under  218°  C; 
at  this  temperature  wood  does  not  char,  and  except  for  darkening  in 
color  after  the  process,  appears  as  original  wood.  The  residue  is 
simply  dried  and  is  then  sold  for  fuel. 

Acetic  acid  is  official  in  three  distinct  strengths. 

ACIDUM  ACETICUM   GLACIALE.     Glacial  Acetic  Acid. 

A  liquid  containing  not  less  than  99  per  cent.,  by  weight,  of  absolute  Acetic  Acid 
[CH3.COOH  =  59.58]  and  not  more  than  1  per  cent,  of  water. 

A  clear,  colorless  liquid,  of  a  strong,  vinegar-like  odor,  and  a  very  pungent,  acid 
taste.     Specific  gravity:  not  above  1.049  at  25°  C.  (77°  F.). 

At  a  temperature  somewhat  below  15°  C.  (59°  F.)  the  Acid  becomes  a  crystal- 
line sohd.  At  117°  to  118°  C.  (242.6°  to  244.4°  F.)  it  boils,  evolving  inflammable 
vapors. 

Glacial  Acetic  Acid  should  respond  to  the  tests  of  purity  given  under  Acidunt 
Aceticum;  but  the  tint  produced  by  the  addition  of  2  drops  of  tenth-normal  potas- 
sium permanganate  V.S.  to  2  Cc.  of  the  Acid  diluted  with  10  Cc.  of  water,  contained 
in  a  clean,  glass-stoppered  bottle,  should  not  be  changed  to  brown  within  two  hours. 

*  Tests  for  Identity. — Given  above. 

Impurities. — See  Acetic  Acid. 

Assay. — Details  in  Part  V. 

Remarks. — This  glacial  acetic  acid  must  contain  at  least  -99  per 
cent.  CH3COOH,  and  is  called  "glacial,"  because  at  temperatures 
below  15°  C.  it  becomes  solid,  like  ice.  Some  manufacturers  have  put 
upon  the  market  an  acetic  acid  labeled  "glacial,"  but  on  careful  ex- 
amination of  the  label  it  is  found  that  in  smaller  type  are  the  words 
80  per  cent.  That  such  procedure  is  dishonest  goes  without  saying. 
Glacial  acetic  acid  is  very  valuable  as  a  solvent  for  a  great  diversity 
of  substances;  thus  it  dissolves  resins,  glue,  and  a  large  number  of 
other  organic  bodies.  Its  use  in  this  way,  however,  must  be  with 
caution,  as  there  is  strong  likelihood  of  its  forming  chemical  combina- 
tions. 
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ACIDUM  ACETICUM.     Acetic  Acid. 

A  liquid  composed  of  not  less  than  36  per  cent.,  by  weight,  of  absolute . 
[CH3.COOH  =  59.58]  and  about  64  per  cent,  of  water,  and  obtained  by  th^.  v/^uauon 
of  ethyl  alcohol  or  by  the  destructive  distillation  of  wood. 

A  clear,  colorless  liquid,  having  a  strong,  vinegar-like  odor,  a  purely  acid  taste, 
and  a  strongly  acid  reaction. 

Specific  gravity:  about  1.045  at  25°  C   (77°  F.).       ' 

Miscible  with  water  or  alcohol  in  all  proportions. 

When  heated,  the  Acid  is  volatilized  without  leaving  a  residue. 

On  adding  to  Acetic  Acid  enough  ammonia  water  to  neutralize  it  or  to  leave  the 
Acid  in  slight  excess,  and  then  ferric  chloride  T.S.,  the  liquid  will  require  a  blood-red 
color,  which  is  discharged  by  strongly  acidulating  with  sulphuric  acid. 

When  the  Acid  is  slightly  supersaturated  with  ammonia,  the  liquid  should  not 
have  a  bluish  tint  (absence  of  copper),  nor  should  any  residue  be  left  after  evaporat- 
ing the  alkahne  liquid  on  a  water-bath  (absence  of  other  -fixed  impurities). 

If  5  Cc.  of  the  Acid  be  supersaturated  with  10  Cc.  of  ammonia  water,  and  5  Cc. 
of  tenth-normal  silver  nitrate  V.S.  be  added,  and  the  mixture  boiled  for  one  or  two 
minutes,  no  dark  deposit  should  be  produced  (absence  of  formic  or  sulphurous  acids). 

When  the  Acid  is  slightly  supersaturated  with  potassium  hydroxide  T.S.,  the 
liquid  should  not  develop  a  smoky  odor  or  taste.  If  5  drops  of  tenth-normal  potas- 
sium permanganate  V.S.  be  mixed  with  2  Cc.  of  the  acid,  previously  diluted  with  10 
Cc.  of  water,  and  contained  in  a  clean,  glass-stoppered  vial,  the  pink  tint  should  not 
change  to  brown  at  once,  and  should  not  become  entirely  brown,  or  free  from  pinkish- 
brown,  in  less  than  a  half  minute  (limit  of  empyreumatic  substances). 

Tests  for  Impurity. — See  above. 

Impurities. — Copper,  fixed  impurities;  formic  acid,  sulphurous  acid; 
excess  of  empyreumatic  substances.  Details  above.  Heavy  metals, 
sulphuric  acid,  hydrochloric  acid.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Acetic  acid  contains  36  per  cent,  absolute  acetic  acid, 
and  should  be  ordered  as  36  per  cent.  acid.  The  ordinary  commercial 
acetic  acid,  familiarly  called  "No.  8,"  is  not  the  pharmacopoeial  acid. 
It  contains  but  29  to  30  per  cent,  of  absolute  acetic  acid.  The  fact 
that  No.  8  acetic  acid  is  not  pharmacopoeial  was  learned  by  a  friend 
of  the  writer  at  considerable  expense,  inasmuch  as  he  dispensed  No.  8 
acid  when  acetic  acid  was  called  for,  and  afterward  had  to  answer  the 
charge  of  violation  of  the  Pure  Food  Laws  of  his  State.  This  should 
warn  all  pharmacists  residing  in  States  having  Pure  Food  and  Drug 
Laws  to  exercise  the  utmost  caution  in  dispensing  commodities  under 
pharmacopoeial  names,  unless  they  are  exactly  the  standard  prescribed 
by  the  pharmacopoeia,  it  being  usually  considered  in  interpretation  of 
such  laws  that  when  a  pharmacist  labels  a  substance  with  the  pharma- 
copoeial name,  he  means  pharmacopoeial  strength.  Thus  to  dispense 
essence  of  vanilla  containing  tonka  bean,  labeled  "essence  of  vanilla," 
would  be  the  ground  for  legal  action. 

No.  8  acetic  acid  is  so  called  because  one  part  of  same  with  eight  parts  of  water 
is  supposed  to  give  the  strength  of  dilute  vinegar.  Vinegar  is  a  3  to  5  per  cent,  solu- 
tion of  acetic  acid,  more  or  less  impure,  and  it  is  assumed  that  it  is  always  made  by 
the  fermentation  of  alcoholic  liquids.  Thus  a  dilute  white  wine  or  cider,  when  fer- 
mented, will  yield  vinegar.  A  quick  method  for  making  vinegar  is  Schutzenbach's 
method;  percolating  diluted  alcohol  over  oak  shavings.  Authorities  state  that  by 
any  of  these  methods  no  vinegar  containing  more  than  15  per  cent,  acetic  acid  can 
be  made,  and  as  on  the  market  there  are  a  Targe  number  of  so-called  cider  vinegars, 
as  strong  as  20  to  25  per  cent.,  the  conclusion  is  obvious  that  such  are  made  from 
wood  vinegar. 

The  commercial  grading  of  vinegar  is  by  the  awkward  denomination  of  so  many 
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"grains,"  and  this  means  the  number  of  grains  of  alkali  necessary  exactly  to  neutral- 
ize one  ounce  of  the  vinegar. 

This  is  even  more  vague  than  the  average  commercial  standard,  as  different 
authorities  say  the  alkaH  is  sodium  carbonate,  sodium  bicarbonate,  potassium  car- 
bonate, potassium  bicarbonate  respectively.  Then  it  is  uncertain  whether  the  ounce 
means  troy,  avoirdupois,  or  fluid.  If  the  alkali  is  potassium  bicarbonate,  and  the 
"ounce"  means  fiuidounce,  "  100-grain  vinegar"  should  contain  about  12  per  cent, 
acetic  acid;  50-grain  should  contain  about  6  per  cent,  of  acetic  acid. 

Acetic  acid  is  interesting  as  one  liquid  of  which  the  specific  gravity 
is  not  a  criterion  of  strength.  Thus  at  15°  glacial  acetic  acid  has  a 
specific  gravity  of  1.0562;  85  per  cent,  has  a  specific  gravity  of  1.0747; 
81  per  cent,  is  1.0755;  80  per  cent,  has  a  specific  gravity  of  1.0756, 
which  same  specific  gravity  is  possessed  by  the  79  per  cent.,  78  per 
cent.,  and  77  per  cent.;  76  per  cent,  has  a  specific  gravity  of  1.0755,  and 
from  that  point  on  a  gradual  diminution  of  specific  gravity  occurs  until 
43  per  cent,  has  a  specific  gravity  of  1,056 — the  same  specific  gravity 
as  the  glacial. 

The  high  specific  gravity  exhibited  by  acid  containing  77  per  cent, 
to  80  per  cent.  CH3COOH  is  supposed  to  be  due  to  the  formation,  in 
the  solution,  of  hydroxide  of  acetic  acid. 

The  tests  for  acetic  acid  are  as  follows:  When  the  acid  (or  an 
acetate),  alcohol,  and  sulphuric  acid  are  heated  together,  the  mixture 
gives  the  pleasant  odor  of  acetic  ether.  On  the  other  hand,  any 
acetate,  when  fused  with  arsenic  acid  on  a  platinum  foil,  gives  the 
disgusting  odor  of  cacodyl. 

This  substance  is  really  a  mixture  of  cacodyl,  AsjCCHj)^,  and  cacodyl  oxide, 
As2(CH3)40;  the  graphic  formulas  of  the  two  bodies  being  respectively: 

Ac — ^^3  Ao — ^^3 

AS— cHs  /AS— CH3 

I  and  O 

As— CH3  ^AS— CH3 

These  substances,  on  treatment  with  mercuric  oxide,  yield  cacodylic  acid: 


As 


-CH3 
-CH3 

O 
-OH 


Sodium  cacodylate,  (CH3)2AsONa3H20,  the  sodium  salt  of  the  above,  is  consider- 
ably used  as  a  mild  arsenical  preparation.     Dose,  ^  to  2  grains. 

ACIDUM   ACETICUM   DILUTUM.     Diluted  Acetic  Acid. 

It  should  contain  not  less  than  6  per  cent.,  by  weight,  of  absolute  Acetic  Acid 
[CH3.COOH  =  59.58]  and  about  94  per  cent,  of  water. 

Recipe. — Acetic  Acid,  one  hundred  grammes 100  Gtn. 

Distilled  Water,  -five  hundred  grammes 500  Gtn. 

To  make  six  hundred  grammes .  .   600  Gm. 
Mix  them. 

Specific  gravity:  about  1.009  at  25°  C.  (77°  F.). 
It  should  respond  to  the  tests  of  purity  given  under  Acidum  Aceticum. 

Tests  for  Identity. — See  above. 
Impurities. — See  Acetic  Acid. 
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Assay. — Details  in  Part  V. 

Remarks. — Diluted  acetic  acid,  contrary  to  the  general  rule  for 
diluted  acids  (that  they  be  10  per  cent.),  contains  6  per  cent,  absolute 
acetic  acid. 

Dose. — 2  Cc.  (30  minims). 

ACIDUM   TRICHLORACETICUM.     Trichloracetic  Acid. 

HC2CI3O2  =  162.12 

A  monobasic  organic  acid  [CCI3.COOH],  usually  obtained  by  the  oxidation  of 
hydrated  chloral  with  nitric  acid.  It  should  be  kept  in  dark  amber-colored,  well- 
stoppered  bottles,  in  a  cool  place. 

White,  deliquescent,  rhombohedral  crystals,  having  a  slight  characteristic  odor. 

Very  soluble  in  water,  alcohol,  and  ether.  The  aqueous  solution,  on  boiling, 
is  decomposed,  with  the  formation  of  chloroform  and  carbon  dioxide. 

Heated  to  52°  C.  (125.6°  F.)  it  melts,  and  at  195°  C.  (383°  F.)  it  boils  and 
vaporizes  without  leaving  a  residue. 

An  aqueous  solution  of  Trichloracetic  Acid  has  an  acid  reaction  upon  blue 
litmus-paper. 

On  heating  with  potassium  hydroxide  T.S.,  it  is  decomposed,  with  the  formation 
of  chloroform  and  potassium  carbonate. 

If  to  its  aqueous  solution  (1  in  10)  ferric  chloride  T.S.  be  added,  a  faint  reddish 
color  is  developed. 

Tests  for  Identity. — See  above. 
Assay. — Details  in  Part  V. 

Remarks. — As  chloral  represents  aldehyde  with  three  hydrogen 
atoms  replaced  by  three  chlorine  atoms, 

Aldehyde.  Chloral. 

CH3CHO  CCI3CHO, 

so  the  trichloracetic  acid  represents  acetic  acid  with  three  hydrogen 
atoms  replaced  by  three  chlorine  atoms,  viz.: 

Acetic  acid.  Trichloracetic  acid. 

CH3COOH  CCI3COOH. 

Again,  as  acetic  acid  can  be  made  by  the  oxidation  of  aldehyde  (see 
p.  665),  so  chloral  hydrate  on  oxidation  yields  trichloracetic  acid. 
Trichloracetic  acid  is  used  in  dentistry  for  hardening  the  gums. 

Glycocoll,  or  amidoacetic  acid,  and  taurin,  or  amidoethylsulphuric  acid,  must  be 
given  passing  notice  as  constituents  of  oxgall  (p.  941).  The  graphic  formulas  of 
these  two  bodies  are: 

Glycocoll.  Taurin. 

CHjNH,  CH2NH2 

COOH  CH3SO3H. 

The  polyhasic  acids  are  derivatives  of  the  hydrocarbons  containing 
more  than  one  carboxyl  group.  Thus  an  acid  corresponding  to  the 
general  formula  R"  (C00H)2,  called  dibasic  acid,  and  R"'  (C00H)3, 
called  the  tribasic  acids,  are  both  illustrations  of  polybasic  acids. 
The  simplest  of  these  is  the  one  which  can  be  considered  as  derived 
from  ethane. 
43 
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Oxalic  Acid  (C00H)2. — This  body  was  long  known  in  the  past 
as  the  potassium  oxalate,  which  is  the  constituent  of  the  leaves  of 
several  plants,  notably  Oxalis  perennis,  from  which  the  acid  derives 
its  name.  It  was  Scheele,  in  1776,  who  first  gave  the  acid  a  thorough 
chemical  examination. 

Oxalic  acid  can  be  made  synthetically  by  several  methods.  Thus  cyanogen, 
when  treated  with  water,  forms  ammonia  and  oxalic  acid  by  the  following  reaction: 

CN  COOH 

I         +     4H,0     =     2NH3     +      I 
CN  COOH. 

This  is  stated  because  it  represents  the  real  method  of  the  synthesis  of  any  acid, 
the  same  being  formed  from  hydrocarbons  containing  one  less  carbon  atom  than  the 
acid  desired  by  converting  same  into  chloride,  then  replacing  the  chlorine  group  by 
the  cyanogen  group  (CN),  and  then  converting  the  cyanogen  group  into  the  carboxyl 
group  by  the  reaction  given  above,  which  is  considered  as  a  variety  of  saponification. 

The  commercial  manufacture  of  oxalic  acid  is  by  the  oxidation  of  either  sugar 
or  starch  by  nitric  acid,  or  by  fusing  cellulose  (sawdust)  with  potassium  hydroxide. 
The  latter  is  the  popular  method,  the  yield  being  50  per  cent,  as  much  as  the  sawdust 
employed. 

Oxalic  acid  is  not  official,  although  mentioned  in  the  pharmacopoeia  as  a  test 
solution,  both  in  qualitative  testing  and  in  volumetric  analysis.  It  is  poisonous,  and 
its  antidote  is  any  convenient  preparation  of  lime,  thus  forming  insoluble  calcium 
oxalate. 


CHAPTER   XXXVIII 
DERIVATIVES  OF   PROPANE,  BUTANE,  AND  PENTANE 

PROPANE 
The  propane  derivatives  of  interest  are: 

Propyl  alcohols CjIIyOH. 

Propyl  aldehyde CHgCHjCHO. 

Acetone,  U.  S.  P CH3— CO— CH3. 

Sulphonmethane,  U.  S.  P (CH3)j,C (80^35)2. 

Sulphonethylmethane,  U.  S.  P ^  §3>c(so^CjH5)a. 

Propionic  acid CH3CH2COOH. 

Lactic  acid,  U.  S.  P CH3CHOHCOOH. 

Glycerin,  U.  S.  P C3H5(OH)3. 

Nitroglycerin C3H5(ON02)3.     (Official  in  spirit  of 

glyceryl  nitrate.) 
Olein Glyceryl  oleate  and  other  fats. 

Of  the  above,  the  alcohols  have  no  pharmaceutic  interest,  it  being 
necessary  only  to  call  attention  to  the  fact  that  two  isomeric  forms  of 
propyl  alcohol  are  known — the  primary  and  the  secondary. 

The  former  yields  on  oxidation  propylic  aldehyde,  while  the  sec- 
ondary gives,  under  the  same  treatment,  the  ketone,  acetone.  Both 
of  these  alcohols  yield,  with  the  appropriate  acids,  esters. 

Propionic  aldehyde  can  be  dismissed  on  the  simple  statement  that 
it,  on  oxidation,  yields  propionic  acid,  CHgCHgCOQH. 
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ACETONUM.     Acetone. 

A  liquid  containing  not  less  than  99  per  cent.,  by  weight,  of  absolute  Acetone 
[Dimethyl-ketone,  CH3.CO.CH3  =  57.61].  It  should  be  kept  in  well-closed  vessels, 
in  a  cool  place,  remote  from  lights  or  fire. 

A  transparent,  colorless,  mobile,  and  volatile  liquid  of  a  characteristic  ethereal 
odor  and  a  pungent,  sweetish  taste. 

Specific  gravity:  0.790  at  25°  C.  (77°  F.). 

Miscible  with  water  in  all  proportions,  without  cloudiness;  also  miscible  with 
alcohol,  ether,  chloroform,  and  volatile  oils. 

It  volatihzes  at  low  temperatures  and  boils  at  56.5°  C.  (133.7°  F.).  It  is  in- 
flammable and  bums  with  a  luminous  non-sooty  flame. 

It  should  not  affect  the  color  of  blue  or  red  litmus-paper  previously  moistened 
with  water. 

If  50  Cc.  of  Acetone  be  evaporated  in  a  clean  glass  vessel,  no  weighable  residue 
should  remain. 

If  20  Cc.  of  Acetone  contained  in  a  clean  glass-stoppered  vial  be  mixed  with  0.1  Cc. 
of  tenth-normal  potassium  permanganate  V.S.,  the  pink  tint  produced  by  the  ad- 
mixture should  not  wholly  disappear  in  less  than  15  minutes  (limit  of  empyreumatic 
substances). 

Tests  for  Identity. — Given  above. 

Impurity. — Empyreumatic  substances.     Details  above. 

Remarks. — Acetone  is  the  first  representative  of  the  ketones 
(p.  632)  to  be  studied.  It  has  been  long  known  as  one  of  the  products 
of  the  destructive  distillation  of  wood.  It  was  not,  however,  until 
1832  that  its  chemical  composition  became  known  through  the  in- 
vestigations of  Liebig. 

Acetone  has  been  secured  from  natural  sources  (the  urine  and  the 
blood).  It  can  be  made  by  oxidation  of  secondary  propyl  alcohol, 
as  already  explained  on  p.  631.  Another  chemical  method  of  the 
manufacture  of  acetone  is  by  the  destructive  distillation  of  calcium 
acetate  by  the  following  reaction: 

ci;COO>Ca     +     heat     =     CaC03     +     gga^co. 

This  method  is  of  importance,  inasmuch  as  it  is  the  type  of  the  general 
manufacture  of  ketones. 

As  seen  above,  calcium  acetate  yields  dimethyl  ketone  or  acetone. 
If,  instead  of  calcium  acetate,  a  mixture  of  calcium  acetate  and  cal- 
cium propionate  be  distilled,  we  get  methyl-ethyl-ketone, 

while  a  mixture  of  calcium  acetate  and  calcium  benzoate  gives  methyl- 
phenyl-ketone.  The  commercial  source  of  acetone,  however,  is  from 
the  destructive  distillation  of  wood,  and  the  acetone  is  extracted  from 
the  distillate,  as  has  already  been  explained  on  p.  645. 

Acetone  possesses,  in  common  with  all  ketones,  a  number  of  charac- 
teristic reactions;  thus  it  forms  crystalline  compounds  with  ammonium 
bodies,  or  with  potassium  bisulphate,  and,  most  striking  of  all,  when 
treated  with  hydroxylamine,  it  forms  characteristic  bodies  called 
"oximes"  (RNOH).  It  also  forms  distinct  crystalline  bodies  with 
phenyl  hydrazine,  the  reagent  giving  practically  similar  results  with 
aldehydes.     In  truth,  the  two  great  classes,  aldehydes  and  ketones, 
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are  difficult  to  distinguish  from  each  other,  about  the  only  point  of 
difference  being  that,  while  aldehydes  oxidize  the  acids,  ketones  break 
up  into  simpler  bodies  on  oxidation.  '"— "" 

The  reactions  above  cited  are  of  pharmaceutic  interest  only  inas- 
much as  hydroxylamine  and  phenylhydrazine  give  distinct  crystalline 
bodies  with  the  sugar  (these  substances  being  either  of  aldehyde  or 
ketone  character),  hence  these  reagents  are  used  for  testing  sugars. 

Acetone  has  but  little  medical  value,  its  chief  use  in  pharmacy 
being  as  a  solvent.  For  this  purpose  it  is  used  in  making  the  official 
oleoresins.  It  yields  several  products  of  marked  value  in  medicine, 
two  of  which  are  now  official. 

SULPHONMETHANUM.     Sulphonmethane. 

C^HieSjO,  =  226.55 

Diethylsulphonedimethylmethane  [(€113)20(80202115)2],  the  product  of  the  oxida- 
tion of  the  mercaptol  obtained  by  the  condensation  of  acetone  with  ethylmercaptan. 
It  should  be  preserved  in  well-stoppered  vials. 

Oolorless,  inodorous,  and  nearly  tasteless  prismatic  crystals. 

Soluble  in  360  parts  of  water,  47  parts  of  alcohol,  45  parts  of  ether,  and  in  16 
parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  15  parts  of  boiling  water  and  in  2 
parts  of  boiling  alcohol;  soluble  in  benzene. 

When  heated  to  125.5°  C.  (258°  F.)  it  melts,  and  at  a  red  heat  it  is  consumed, 
evolving  vapors  of  sulphur  dioxide  and  leaving  no  weighable  residue. 

Its  aqueous  solution  is  neutral  to  litmus-paper. 

If  0.1  Gm.  of  Sulphonmethane  be  heated  with  0.1  Gm.  of  powdered  charcoal 
in  a  dry  test-tube,  the  characteristic  unpleasant  odor  of  mercaptan  will  be  developed. 

If  0.1  Gm.  be  gradually  heated  with  dry  sodium  acetate,  hydrogen  sulphide  will 
be  evolved. 

Its  solution  in  boiling  water  should  develop  no  odor.  This  solution,  after  cooling 
and  filtering,  should  show  no  turbidity  upon  the  addition  of  either  barium  nitrate 
T.S.  or  silver  nitrate  T.S.  (absence  of  sulphates  and  chlorides). 

If  1  drop  of  potassium  permanganate  T.S.  be  added  to  an  aqueous  solution  of 
Sulphonmethane,  the  liquid  should  not  be  immediately  decolorized  (absence  of  readily 
oxidizable  organic  impurities). 

Tests  for  Identity. — See  above. 

Impurities. — Sulphates,  chlorides,  oxidizable  organic  matter. 
Details  above. 

Remarks. — This  substance,  commonly  called  sulphonal,  is  made  by 
treating  acetone  with  methyl  mercaptan  and  oxidizing  the  resulting 
mercaptid  with  potassium  permanganate,  the  equation  being  as  fol- 
lows: 

CH3V  CH,^       /SCjHj 

>C0     +     20,H5SH     =     H2O     +  >C< 

CH3/  "  CH3/     \SC2H5 

5(CH3)2C(SC2H5)2     +     8KMnO,     +     12H2SO,     = 

5(0H3)20(SO2C2H5)2    +    4K2SO,    -I-    SMnSO,    -1-     I2H2O. 

Mercaptan  is  a  liquid  of  very  disagreeable  odor,  made  by  treating 
ethyl  bromide  with  potassium  sulphydrate.  It  can  easily  be  pro- 
duced from  sulphonal  by  fusing  same  in  a  test-tube  with  pyrogallol, 
and  this  affords  a  simple  test  for  the  identification  of  sulphonal. 

Sulphonal  is  a  white,  crystalline  solid,  sparingly  soluble  in  water, 
and  melting  at  125°  C.     It  is  a  valuable  hypnotic. 

Dose. — 1  Gm.  (15  grains). 
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SULPHONETHYLMETHANUM.     Sulphonethylmethane. 

CgHigSA  =  240.46 

Diethylsulphonemethylethylmethane  [(CH3)  (€2115)0(80202115)2],  a  product  of 
the  oxidation  of  the  mercaptol  obtained  by  the  condensation  of  methylethylketone 
with  ethylmercaptan.     It  should  be  preserved  in  well-stoppered  vials. 

Colorless,  lustrous,  odorless,  crystalline  scales,  which  have  a  bitter  taste  in 
aqueous  solution. 

Soluble  in  195  parts  of  water  at  25°  0.  (77°  F.),  more  readily  in  boiling  water, 
and  readily  soluble  in  alcohol  and  ether. 

When  heated  to  76°  C.  (168.8°  F.)  it  melts,  and  at  a  red  heat  is  consumed, 
evolving  sulphur  dioxide  and  leaving  no  weighable  residue. 

Its  aqueous  solution  is  neutral  to  litmus-paper. 

If  0.1  Gm.  of  Sulphonethylmethane  be  heated  with  0.1  Gm.  of  powdered  charcoal 
in  a  dry  test-tube,  the  characteristic  unpleasant  odor  of  mercaptan  will  be  developed. 

If  0.1  Gm.  be  gradually  heated  with  dried  sodium  acetate,  hydrogen  sulphide 
wiU  be  evolved. 

Tests  for  Identity. — Given  above. 

Impurities. — Sulphates,  chlorides,  oxidizable  matter.  Details  as 
with  sulphonmethane. 

Remarks. — This  body,  introduced  under  the  name  trional,  differs 
from  sulphonal  by  having  an  ethyl  group  in  place  of  one  of  the  methyl 
groups  of  sulphonal,  as  is  shown  below.  It  thus  contains  three  ethyl 
groups,  hence  the  name,  trional.  It  is  made  like  sulphonal,  except 
that  in  place  of  acetone,  ethyl  methyl  ketone  is  employed. 

Tetronal  contains  no  methyl  group,  but  four  ethyls  (see  compared 
formula  given  below),  and  it  is  made  like  sulphonal,  only  that  diethyl 
ketone  is  used  in  its  manufacture  instead  of  acetone  (dimethyl  ketone). 
Both  trional  and  tetronal  are  used  as  hypnotics.  Dose  (of  both), 
1  Gm.  (15  grains). 

Sulphonal.  Trional.  Tetronal. 

CH3\     /SO2O2H5  C2H5.      /SO2C2H5  C2H5.      /SO2C2H5 

>0<  >C<  >C< 

CH3/      \SO2O2H5  CH3/       \SO2C2Hs  02H5'^     \SO2C2H5. 

Propionic  acid  (C2H5COOH),  discovered  by  Gottlieb  in  1844,  can 
be  made  by  oxidation  of  primary  propionic  alcohol,  as  above  stated, 
and  also  by  the  saponification  of  ethyl  nitrile,  CH3CH2CN.  It  has  no 
pharmaceutic  value,  but  its  derivative,  oxypropionic  acid,  is  official 
under  the  name  of  lactic  acid. 

Three  oxypropionic  acids  are  known:  Ethylidene  lactic  acid, 
CH3CHOHCOOH;  ethylene  lactic  acid,  CHjOH— CHj— COOH;  and 
sarcolactic  acid.     The  official  acid  is  the  one  first  mentioned. 

ACIDUM  LACTICUM.     Lactic  Acid. 

A  liquid  organic  acid,  composed  of  not  less  than  75  per  cent.,  by  weight,  of  ab- 
solute Lactic  Acid  rCH3.0HOH.COOH  =  89.37]  and  about  25  per  cent,  of  water. 

A  colorless,  syrupy  liquid,  odorless,  of  a  purely  acid  taste,  and  absorbing  moist- 
ure on  exposure  to  damp  air. 

Specific  gravity:  about  1.206  at  25°  0.  (77°  F.). 

Freely  miscible  with  water,  alcohol,  or  ether;  insoluble  in  chloroform,  petro- 
leum benzin,  or  carbon  disulphide. 

Lactic  acid  is  not  vaporized  by  a  heat  below  160°  0.  (320°  F.);  at  a  higher  tem- 
perature it  emits  inflammable  vapors  and  is  finally  dissipated;  5  Gm.,  after  com- 
bustion, should  not  leave  more  than  0.05  Gm.  of  fixed  residue. 

Lactic  acid  has  an  acid  reaction  upon  blue  litmus-paper. 


678  PRINCIPLES   OF   PHARMACY 

On  adding  some  potassium  permanganate  to  a  mixture  of  equal  volumes  of 
lactic  and  sulphuric  acids,  and  gently  heating,  the  odor  of  aldehyde  will  become 
perceptible. 

On  adding  a  few  drops  of  Lactic  Acid  to  10  Cc.  of  hot  alkaline  cupric  tartrate 
V.S.,  no  red  precipitate  should  be  formed  (absence  of  svgars). 

On  warming  Lactic  Acid,  the  odor  of  rancid  fat  should  not  be  noticeable  (absence 
of  butyric  and  other  fatty  acids). 

If  a  small  portion  of  the  Acid  be  heated  on  a  water-bath  with  an  excess  of  zinc 
carbonate,  the  mixture  dried  at  100°  C.  (212°  F.),  and  then  extracted  with  absolute 
alcohol,  upon  evaporation  of  the  latter  no  sweet  residue  should  remain  (absence  of 
glycerin). 

On  carefully  pouring  Lactic  Acid  upon  an  equal  volume  of  colorless,  concen- 
trated sulphuric  acid  contained  in  a  clean  test-tube,  and  keeping  the  temperature 
at  or  below  15°  C.  (59°  F.),  no  dark-colored  zone  should  develop  at  the  hne  of  contact 
upon  standing  for  fifteen  minutes  (absence  of  more  than  traces  of  organic  impurities). 

Tests  for  Identity. — See  above. 

Impurities. — Excess  of  chloride,  sulphate,  heavy  metals.  Details 
in  Part  V.  Butyric  and  fatty  acids,  glycerin,  organic  impurities,  and 
sugars.  Details  given  above.  Sarcolactic  acid  (no  change  on  adding 
1  Cc.  of  copper  sulphate  test  solution  to  10  Cc.  of  solution  1  :  10). 

Assay. — Details  in  Part  V. 

Remarks. — This  body  was  discovered  by  Scheele  in  1780  as  a  con- 
stituent of  sour  milk.  Besides  in  milk,  it  is  found  in  minute  traces 
of  opium,  and  also  is  found  in  gastric  juice  in  that  form  of  dyspepsia 
we  call  "sour  stomach."  It  can  be  made  synthetically  in  several 
ways,  but  it  is  of  interest  merely  as  establishing  the  fact  that  it  is 
a  derivative  of  propionic  acid,  the  commercial  source  of  manufacture 
being  from  sour  milk. 

Milk  is  a  fluid  obtained  from  the  cow,  and  consists  of  fat  (butter), 
emulsified  by  means  of  casein.  This  emulsion  is  considerably  diluted 
with  water,  containing  a  variety  of  sugar  called  sugar  of  milk. 

This  sugar  of  milk,  under  the  influence  of  certain  bacteria  found  in 
the  air,  ferments  to  lactic  acid  The  actual  method  of  production 
from  milk  is  first  by  removing  the  butter  in  churning,  then  separating 
the  casein  by  the  addition  of  acid.  The  liquid  remaining  after  the 
curd  has  been  removed  is  called  the  whey,  and  contains  the  sugar  of 
milk.  If  this  whey  is  concentrated  and  allowed  to  stand,  the  milk 
sugar  crystallizes  (p.  669),  but  if  the  same  is  allowed  to  stand  until 
fermentation  sets  in,  lactic  acid  continues  to  form  until  the  solution 
contains  1.6  per  cent,  acid,  when  the  ferment  becomes  inactive.  If 
the  acidity  of  the  mixture  is  lessened  by  treatment  with  zinc  carbonate 
or  chalk,  the  fermentation  continues  and  the  addition  of  alkali  is 
carried  on  in  actual  practice  in  order  to  obtain  a  larger  percentage 
of  the  acid.  Of  course,  the  finished  product  in  such  cases  is  either 
zinc  or  calcium  lactate,  but  the  acid  can  be  easily  freed  from  the  metal 
by  treatment  with  sulphuric  acid.  Lactic  acid  is  now  being  made 
commercially  by  fermentation  of  glucose  by  the  lactic  acid  ferment. 

These  details  of  the  manufacture  of  lactic  acid  can  be  applied  in 
therapeutics.  As  mentioned  above,  sour  stomach  is  due  primarily 
to  the  existence  of  lactic  acid  produced  by  methods  somewhat  similar 
to  those  given  above.  When  a  certain  degree  of  acidity  is  reached, 
the  ferment  producing  this  sour  stomach  becomes  inactive;  if,  on  the 
other  hand,  there  is  administered  to  the  patient  an  alkaline  salt, 
like  sodium  bicarbonate,  the  latter  may  temporarily  relieve  the  pain, 
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but  the  very  act  of  neutralizing  the  free  acid  gives  opportunity  for 
renewed  activity  of  the  ferment  and  the  formation  of  more  of  the  dis- 
turbing products,  hence  the  modern  treatment  of  sour  stomach  is  not 
the  use  of  alkali,  but  rather  the  administration  of  small  doses  of  dilute 
hydrochloric  acid. 

Lactic  acid  is  a  thick,  syrupy  liquid,  of  specific  gravity  1.206.  It 
always  contains  water,  the  strength  of  the  official  acid  being  but  75 
per  cent.     By  removing  all  the  water  a  new  body,  lactone,  is  formed. 

Dose. — Of  lactic  acid,  2  Cc.  (30  minims). 

SYRUPUS   CALCII   LACTOPHOSPHATIS.     Syrup  of  Calcium  Lacto- 

phosphate. 

This  official  is  made  by  combining  in  a  mortar  25  Gm.  precipitated 
calcium  carbonate  with  60  Cc,  lactic  acid,  previously  diluted  with  100 
Cc.  water,  whereby  a  solution  of  calcium  lactate  is  obtained.  To  this 
is  added  36  Cc.  phosphoric  acid,  diluted  with  50  Cc.  water,  and  the 
mixture  triturated  until  a  perfect  solution  results.  After  adding  100 
Cc.  water  the  liquid  is  filtered,  the  mortar  rinsed  with  50  Cc.  water, 
which  is  then  used  to  wash  the  filter.  To  the  mixed  filtrate  50  Cc, 
of  orange  flower  water  is  added,  and  725  Gm,  sugar  dissolved  therein 
by  cold  agitation.  To  the  strained  syrup  enough  water  is  added  to 
make  1000  Cc, 

It  is  used  as  a  nutritive  tonic  in  wasting  diseases. 

Dose. — 8  Cc.  (2  fluidrachms). 

Polyatomic  alcohols  are  those  containing  more  than  one  hydroxyl 
group.  Thus  while  alcohol,  C2H5OH,  containing  one  hydroxyl,  is 
monatomic,  glycocoll,  being  C2H^(OH)2,  is  diatomic,  and  glycerin, 
C3H5(OH)3,  is  triatomic,  hence  the  last  two  are  polyatomic  alcohols. 

GLYCERINUM.     Glycerin.     Glycerol. 

A  liquid  obtained  by  the  decomposition  of  vegetable  or  animal  fats,  or  fixed  oils, 
and  containing  not  less  than  95  per  cent,  of  absolute  Glycerol,  a  triatomic  alcohol 
[CH3OH.CHOH.CH2OH  =  9 1 .37], 

A  clear,  colorless  liquid,  of  a  thick,  syrupy  consistence,  smooth  to  the  touch, 
odorless,  sweet  to  the  taste,  and  producing  a  sensation  of  warmth  in  the  mouth;  when 
exposed  to  the  air,  it  absorbs  moisture. 

Specific  gravity:  not  less  than  1.246  at  25°  C.  (77*  F.). 

Soluble  m  all  proportions  in  water  and  alcohol;  also  soluble  in  a  mixture  of  3 
parts  of  alcohol  and  1  part  of  ether,  but  insoluble  in  ether,  chloroform,  carbon  di- 
sulphide,  petroleum  benzin,  benzene,  and  fixed  and  volatile  oils. 

Glycerin  is  slowly  volatilized  from  weak  aqueous  solutions,  at  or  above  100*  C. 
(212°  F.),  with  the  vapor  of  water.  At  boiling  temperatures  70  per  cent,  to  100  per 
cent.  Glycerin  rapidly  volatilizes;  95  per  cent.  Glycerin  boils  at  165°  C.  (329°  F.); 
anhydrous  Glycerin  boils  at  290°  C.  (554°  F.),  without  decomposition;  under  con- 
tinued heat  it  is  finally  entirely  decomposed  and  dissipated. 

An  aqueous  solution  of  Glycerin  is  neutral  to  litmus-paper. 

If  a  fused  bead  of  borax,  on  a  loop  of  platinum  wire,  be  moistened  with  Glycerin, 
and  then  held  in  the  edge  of  a  non-luminous  flame,  the  latter  will  be  transiently 
tinted  with  a  vivid  green. 

Five  Cc.  of  Glycerin,  heated  to  boiling  in  an  open  porcelain  or  platinum  dish, 
and  then  gently  ignited,  should  vaporize,  bum,  and  leave  not  more  than  a  dark  stain, 
which  on  stronger  heating  should  disappear  entirely  (absence  of  mineral  impurities). 

If  5  Cc.  of  Glycerin  be  mixed  with  50  Cc.  of  water  and  10  drops  of  hydrochloric 
acid  in  a  small  flask,  and  heated  for  half  an  hour  on  a  water-bath,  then  10  Cc.  of  the 
hot  liquid,  mixed  with  2  Cc.  of  sodium  hydroxide  T.S.  and  1  Cc.  of  alkaline  cupric 
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tartrate  V.S.,  should  show  no  yellowish-red  cloudiness  or  precipitate  within  six  hours 
(absence  of  stigars). 

If  5  Cc.  of  Glycerin  be  mixed  with  an  equal  volume  of  concentrated  sulphuric 
acid  in  a  test-tube,  the  liquid  should  acquire,  on  standing  for  one  hour,  a  color  not 
darker  than  yellow  (absence  of  readily  carbonizable  impurities). 

If  5  Cc.  of  Glycerin  be  mixed  with  the  same  volume  of  a  mixture  of  equal  parts 
of  alcohol  and  diluted  sulphuric  acid,  and  gently  heated,  a  fruity  odor  shomd  not  be 
recognizable  (absence  of  butyric  acid). 

Tests  for  Identity. — See  above. 

Impurities. — Mineral  impurities,  carbonizable  impurities,  butyric 
acid,  and  sugars.  Details  above.  Sulphuric  acid,  oxalic  acid,  cal- 
cium salts,  chlorides,  heavy  metals,  and  arsenic.  Details  in  Part  V. 
Acrolein  (no  change  on  adding  ammonium  silver  nitrate  test  solution 
to  a  16  per  cent,  aqueous  solution  and  letting  stand  five  minutes  pro- 
tected from  light). 

Remarks. — This  interesting  body  was  discovered  by  Scheele  in 
1789  in  the  wash-water  in  making  lead-plaster.  It  was  first  analyzed 
by  Pelouze  in  1837,  while  its  structural  formula  was  worked  out  by 
Wuertz  (1855).  Its  introduction  as  a  commercial  commodity  was 
between  1844  and  1850,  during  which  time  it  was  introduced  by  Price, 
of  England,  Sarg,  of  Vienna,  and  Robert  Shoemaker,  of  Philadelphia. 

Glycerin  has  been  made  synthetically  and  by  several  methods,  none 
of  which  is  of  interest  save  as  establishing  the  structural  formula  as- 
signed above.  It  is  obtained  commercially  from  fats,  these  being 
derivatives  of  glycerin  with  oleic,  stearic,  and  palmitic  acids  (p.  723). 

If  a  fatty  oil,  such  as  olive  oil,  be  treated  with  lead  oxide  in  the 
manufacture  of  lead  plaster,  a  double  decomposition  occurs,  with  the 
formation  of  lead  oleate  and  the  freeing  of  glyceryl  hydrate,  as  fully 
explained  on  p.  1133,  and  this  was  the  original  method  of  the  manu- 
facture of  glycerin. 

In  1854  Tilgman  found  that  glycerin  could  be  obtained  from  the  fats 
by  treating  same  with  superheated  steam,  and  this  is  the  method 
generally  applied  at  present,  the  reaction  being: 


CH^CyHjjOj            HOH  CH,OH  HC18H35O3 

CHCH^A     +     HOH     =  CHOH  -f-     HCigHjA 

CH,C,,H.,,0,           HOH  (in^OH  JiC,,-ii,fi, 

Stearin.            Three  molecules  Glycerin.  Three  molecules  of 

of  water.  stearic  acid. 


Crude  glycerin  thus  obtained  has  to  be  purified  by  distillation  in 
vacuo,  although  it  is  said  that  the  chemically  pure  product  can  be 
distilled  without  decomposition  at  ordinary  atmospheric  pressure. 

Glycerin  is  a  transparent,  viscid  liquid,  of  sweetish  taste,  of  specific 
gravity  1.25.  As  already  mentioned,  glycerin  is  a  solvent  of  peculiar 
value,  inasmuch  as  it  is  also  antiseptic;  it  is  used  medicinally  as  a  pro- 
tective in  the  form  of  carbolated  glycerin  (glycerite  of  phenol,  U.  S.  P.), 
and  when  used  in  the  form  of  glycerin  suppositories,  it  acts  as  a  purga- 
tive. Glycerin  is  also  much  esteemed  as  an  ingredient  of  domestic 
cough  remedies. 

Dose. — 4  Cc.  (1  fluidrachm). 

Glycerin,  when  treated  with  oxalic   acid,  yields  formic  acid,  and 
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when  treated  with  potassium  bisulphate,  yields  acrolein  by  the  follow- 
ing reaction: 


CHjOH  CH, 

X  II 

CHOH  +     KHSO,     =     CH       +     2H3O     +     KHSO4. 
CH,OH  CHO 


Acrolein  is  the  aldehyde  of  allyl  alcohol,  has  a  very  disagreeable 
odor,  and  is  very  irritating  to  the  eyes  and  throat.  It  is  familiar  as 
the  disagreeable  odor  of  burning  fat. 

Nitroglycerin. — This  ester  of  glycerin  was  discovered  by  Sobrero 
in  1847.  It  is  made  by  placing  glycerin  in  a  freezing  mixture  and 
allowing  a  mixture  of  nitric  acid  and  sulphuric  acid  to  drip  down 
upon  it,  cautiously  stirring  the  finished  product  and  then  diluting. 

Like  stearin  and  olein,  nitroglycerin  is  an  ester  of  glycerin.  On 
p.  723  is  given  the  graphic  formula  of  glycerin  and  of  stearin;  to  these 
we  will  add,  for  comparison,  the  graphic  formula  of  nitroglycerin: 


CH2NO3 
CHNO3 
H,NO,. 


A 


Reference  to  p.  661  will  show  that  the  ester,  ethyl  nitrite,  CgH.NOj, 
was  made  by  treating  grain  alcohol — ethyl  hydroxide,  CjHgOH — with 
nitrous  acid,  by  the  following  reaction: 

QHjOH     +    HNO2     =    H3O     +    C2H5NO2. 

Even  so,  the  ester,  nitroglycerin,  C3H5(N03)3,  is  made  by  treating 
the  alcohol,  glyceryl  hydroxide — glycerin,  €3115(011)3 — with  nitric  acid, 
HNO3,  by  the  following  reaction: 

CaH^COH),     +     3HNO3     =    3H,0     +    CaH^CNOa),, 

sulphuric  acid  being  used  as  the  dehydrating  agent  (p.  661). 

Nitroglycerin  in  concentrated  form  is  used  as  an  explosive,  it 
being  one  of  the  most  rapid  and  dangerous  of  known  explosives. 
As  explained  on  p.  450,  an  explosive  is  a  body  which,  under  appro- 
priate treatment,  will  rapidly  be  converted  into  a  large  amount  of  gas 
or  vapor,  and  under  this  test  nitroglycerin  is  one  of  the  most  powerful, 
since  one  volume  of  nitroglycerin  will,  on  explosion,  yield  750  volumes 
of  gas,  while  one  volume  of  gunpowder  yields  only  280  volumes  of  gas. 

Nitroglycerin,  while  so  valuable  an  explosive,  possesses  an  element 
of  safety,  inasmuch  as  it  is  not  easily  set  off,  it  being  exploded  only  by 
being  rapidly  heated  or  by  concussion,  and  in  order  to  obtain  the  best 
results  the  latter  method  is  usually  employed,  the  charge  of  nitrogly- 
cerin being  placed  in  contact  with  a  cap  of  fulminating  mercury,  which 
is  fired  either  by  a  fuse  or  by  electric  connection. 

The  liquid  form  of  nitroglycerin  being  inconvenient  in  many  cases, 
explosive  modifications  of  a  solid  character  have  been  devised.  Thus, 
dynamite  is  a  mixture  of  three  parts  of  infusorial  earth  with  one  part 
of  nitroglycerin. 
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Nitroglycerin,  like  all  esters,  can  be  saponified  by  alkali.  Thus  we 
have  already  found  that  ethyl  nitrite,  when  treated  with  potassa,  is 
converted  into  alcohol  and  potassium  nitrite,  so  in  the  same  way 
nitroglycerin  treated  with  potassium  hydroxide  yields  inert  glycerin 
and  equally  harmless  potassium  nitrate  by  the  following  reaction: 

C3H5(ON03)3     +     3K0H     =     C,IL,(OJI),     +     3KNO3. 

This  gives  a  hint  as  to  avoiding  explosion  if  nitroglycerin  or  its  spirit 
is  accidentally  spilled. 

SPIRITUS    GLYCERYLIS    NITRATIS.     Spirit  of  Glyceryl  Trinitrate. 
Spirit  of  Nitroglycerin. 

[Spikitus  Glonoini,  Pharm.  1890] 

An  alcoholic  solution  containing  1  per  cent.,  by  weight,  of  Glyceryl  Trinitrate 
[C3H5(O.N02)3  =  225.44J.  Spirit  of  Nitroglycerin  should  be  kept  and  transported  in 
well-stoppered  tin  cans,  and  should  be  stored  in  a  cool  place,  remote  from  lights  or 
fire. 

Great  care  should  be  exercised  in  dispensing,  handling,  packing,  transporting, 
and  storing  the  Spirit,  since  a  dangerous  explosion  may  result  if  any  considerable 
quantity  of  it  be  spilled,  and  the  alcohol  be  partly  or  wholly  lost  by  evaporation. 

If,  through  accident,  it  be  spilled,  a  solution  of  potassium  hydroxide  should  be 
at  once  poured  over  it,  to  effect  decomposition. 

A  clear,  colorless  liquid,  having  the  odor  and  taste  of  alcohol.  Caution  should 
be  exercised  in  tasting  it,  since  even  a  small  quantity  of  it  is  liable  to  produce  a  violent 
headache.     The  same  effect  is  produced  when  it  is  freely  applied  to  the  skin. 

It  is  neutral  to  litmus-paper. 

Specific  gravity:  0.814  to  0.820  at  25°  C.  (77°  F.). 

On  diluting  10  Cc.  of  the  Spirit  with  15  Cc.  of  water — both  liquids,  as  well  as 
the  mixture,  being  brought  to  15°  C.  (59°  F.) — the  liquid  will  exhibit  at  most  a  faint 
cloudiness,  but  the  addition  of  a  further  portion  of  5  Cc.  of  water  should  produce  a 
white  turbidity. 

If  the  specific  gravity  of  the  Spirit  be  higher  than  0.830  at  25°  C.  (77°  F.),  or  if 
10  Cc.  of  it  be  rendered  turbid  by  less  than  10  Cc.  of  water,  the  Spirit  should  be 
rejected. 

Tests  for  Identity. — Given  above. 

Remarks. — This  official  is  a  1  per  cent,  alcoholic  solution  of  nitro- 
glycerin. It  is  a  colorless  liquid,  of  alcoholic  taste.  The  pharma- 
copoeia, however,  gives  warning  that  utmost  care  must  be  exercised 
when  testing,  as  even  a  small  quantity  is  liable  to  produce  violent 
headache.  It  is  also  well  to  heed  the  pharmacopoeial  warning  that 
the  spirit  must  be  handled  with  the  utmost  caution,  for  if  spilled, 
the  alcohol  will  evaporate  and  the  explosive  properties  of  the  nitro- 
glycerin will  be  exerted.  Note  that  the  pharmacopoeia  directs  that 
the  danger  of  explosion  is  lessened  by  adding  solution  of  potassa  to  the 
spot. 

Spirit  of  nitroglycerin  is  used  as  a  heart  stimulant. 

Dose. — 0.05  Cc.  (1  minim). 

Boroglycerin,  C3H5BO3,  is  the  boric  acid  ester  of  glycerin,  and  is  made  by  heating 
glycerin  with  boric  acid.  For  details  of  operation  see  Glycerite  of  Boroglycerin, 
U.  S.  P.  (p.  207).  The  official  glycerite  can  be  considered  as  a  50  per  cent,  solution 
of  boroglycerin,  as  the  following  calculation  shows: 

Reaction:  C3H5(OH)3     +     H3BO3     =     SH^O     -I-     C3H5BO3. 
92  62  54  100 
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From  the  molecular  weight  just  given  it  is  seen  that  62  Gm.  boric  acid  plus  92  Gm. 
glycerin  gives  100  Gm.  boroglycerin,  and  as  the  pharmacopoeial  recipe  (given  on  p. 
207)  directs  310  Gm.  boric  acid  plus  460  Gm.  glycerin,  that  this  be  heated  until  500 
Gm.  remain,  and  that  this  be  mixed  with  500  Gm.  glycerin,  it  is  plain  that  the  above 
quantities  (five  times  the  theoretic  amounts^  will  yield  500  Gm.  boroglycerin,  and 
that,  therefore,  the  finished  glycerite  contains  50  per  cent,  boroglycerin.  This  is 
important,  inasmuch  as  boroglycerin  is  frequently  prescribed  in  10  per  cent.,  20  per 
cent.,  or  30  per  cent,  solution,  and  such  should  be  made  by  properly  diluting  the  offi- 
cial glycerite  with  glycerin. 

Fats  are  esters  of  glycerin  with  oleic,  stearic,  and  palmitic  acids. 
They  will  be  considered  in  a  special  chapter  as  derivatives  of  the  acids 
just  mentioned.     As  mentioned  above,  the  radicle — 

CH3— 

CH— 

I 
CH- 

found  in  glycerin  is  cadled  glyceryl.  This  is  not  to  be  confused  with 
another  radicle  (C3H5)  having  the  formula  CH2  =  CH — CHj, — called 
allyl.  Allyl  is  an  unsaturated  radicle,  and,  therefore,  possesses  but 
one  free  bond,  while  glyceryl  is  a  saturated  radicle  and  has  three  free 
bonds.  Three  compounds  of  allyl  are  worth  passing  notice:  acrolein 
(allyl  aldehyde),  CH2  =  CH — CHO,  just  described  as  one  of  the  prod- 
ucts obtained  on  strongly  heating  glycerin;  allyl  sulphide,  (CH2  = 
CH — 0112)28,  the  odorous  constituent  of  oil  of  garlic;  and,  lastly, 
allyl  isothiocyanate  (oil  of  mustard),  which  will  be  considered  among 
the  cyanogen  derivatives  (p.  745). 

BUTANE 

(C.H,„) 

The  butane  derivatives  of  general  importance  are: 

The  butyl  alcohols C.HgOH. 

Butyl  chloral  hydrate CCljCHjCHjCHO  +  H^O. 

Butyric  acids CHgCHjCHjCOOH,  etc. 

Succinic  acid C2H,(COOH)2. 

Malic  acid C2H3(OH)(COOH)2. 

-    Tartaric  acid,  U.  S.  P C2H3(OH)2(COOH)a. 

The  haloid  derivatives  of  butane  are  of  no  pharmaceutic  interest. 
Butyl  alcohols,  C4H9OH,  are  found  in  four  forms,  for  it  will  be  noticed 
on  p.  635  the  number  of  isomeres  increase  in  proportion  to  the  number 
of  carbon  atoms  in  a  compound. 

Of   these   butyl  alcohols,   the   primary   CH3CH2CH2CH2OH  is  of 
interest  as  being  one  of  the  constituents  of  crude  fusel  oil.     On  oxida- 
tion the  primary  alcohol  yields  butyric  aldehyde,  and  then  the  oxida- 
tion product  of  butyric  aldehyde,  butyric  acid. 

Tertianr  butyl  alcohol,  (CH3)3COH,  is  of  interest  because  its  trichlor-derivative — 
(CH3)2CCl3COH — is  being  considerably  advertised  under  the  names  chloreton  or 
cMorbutanol.  It  is  made  by  treating  a  mixture  of  chloroform  and  acetone  with 
caustic  alkalis,  and  is  a  white  crystalline  solid,  soluble  in  125  parts  of  water,  very 
soluble  in  alcohol.     It  is  used  as  a  hypnotic  in  doses  of  5  to  20  grains. 
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A  derivative  of  butyric  aldehyde  (CH3CH2CH2CHO)  is  butyl  chloral 
hijdrate  (CCI3CH2CH2CHO  +  H2O),  which  was  discovered  by  Kraemer 
and  Pinner  in  1873,  who,  on  its  discovery,  thought  it  was  the  isomeric 
"croton  chloral  hydrate,"  and  under  this  name  the  product  was  intro- 
duced into  commerce  as  a  hypnotic.  Dose. — 0.3  to  0.6  Gm.  (5  to  10 
grains). 

Two  butyric  acids  are  known:  (1)  CH3CH2CH2COOH  (normal). 

(2)  (CH3)2CHCOOH  (iso). 
The  first  of  these  is  a  constituent  of  sweat,  while  its  glycerin  ester 
comprises  2  to  3  per  cent,  of  butter.     From  its  discovery  in  butter 
the  name,  butyric  acid,  is  obtained. 

Succinic  acid, 

CH2COOH 

CHjCOOH, 

can* be  considered  as  butyric  acid  in  which  the  end  methyl  group  is 
converted  into  carboxyl.  It  occurs  naturally  in  amber  (succinum) , 
hence  its  name,  and  is  also  found  in  certain  fruit-juices. 

Succinic  acid  is  a  white,  crystalline  body,  used  in  medicine  to  a 
certain  extent  for  rheumatism  and  bronchitis.  Dose. — 0.3  to  1.0  Gm. 
(5  to  15  grains). 

Malic  acid, 

CHOHCOOH 

I 
CH,COOH, 

can  be  considered  as  monoxysuccinic  acid,  that  is,  succinic  acid  in 
which  one  hydrogen  is  replaced  by  hydroxyl.  Malic  acid  was  dis- 
covered in  apples,  Pyrus  Malus,  by  Scheele  in  1780,  and  can  be  made 
synthetically  from  succinic  acid.  An  amide  derivative  of  succinic 
acid  is  asparagin, 

CHNHjCONH, 

CH^COOH, 

which  is  found  in  many  plants. 

Tartaric  acid, 

CHOHCOOH 

I 
CHOHCOOH, 

is  dioxysuccinic  acid,  and  was  found  by  Scheele  in  1789  in  cream  of 
tartar.  It  is  interesting  as  being  found  in  four  distinct  varieties,  and 
more  striking  is  that  all  of  them  seem  to  have  the  same  graphic  for- 
mula. The  difference  among  these  tartaric  acids  is  chiefly  their 
behavior  toward  polarized  light,  the  one  rotating  the  ray  to  the  right, 
hence  called  dextrogyre,  another  rotating  light  to  the  left,  or  levogyre; 
a  third  does  not  deviate  the  ray  of  light  at  all,  hence  called  inactive, 
and  the  fourth  modification,  which  is  also  inactive,  is  racemic  acid. 

The  experiments  of  the  three  tartaric  acids  first  mentioned,  performed  by 
Pasteur,  have  become  classic,  as  constituting  foundations  of  the  theory  of  Van 
t'Hoff  ("Chemistry  in  Space"). 

Pasteur  proved  that  the  crystals  of  the  dextrogyre  tartaric  acid  and  of  the  levo- 
gjTe  tartaric  acid  differ  from  each  other  only  in  the  fact  that  one  is  the  exact  mirror 
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picture  of  the  other.     He  also  proved  that  the  inactive  was  a  mixture  of  equal  quan- 
tities of  dextrogyre  and  levogyre  tartaric  acids. 

Van  t'Hoff  took  up  the  study  of  the  tartaric  acids  as  opening  a  new  field  of 
thought.  Up  to  this  time  chemical  formulas  were  considered  as  simply  pictures  on 
flat  surfaces,  while  his  efforts  were  directed  to  attempt  to  show  the  exact  location 
of  the  constituent  atoms  in  a  molecule,  as  to  length,  breadth,  and  thickness.  It  is, 
of  course,  far  beyond  the  scope  of  this  work  to  give  any  details  of  this  fascinating 
theory,  and  the  reader  is,  therefore,  referred  to  Van  t'Hoff's  book.  Suffice  it  to  say 
that  Van  t'Hoff's  theory  is  that  the  real  difference  among  the  three  tartaric  acids  is 
merely  the  relative  difference  between  the  position  of  the  hydrogen,  hydroxy!,  and 
carboxyl  which  they  contain,  and  he  gives  the  following  pictures  of  these  three  in- 
teresting bodies: 

COOM  COOM  COOH 

"\l/"        "Nl/""       "\\r" 

C         C         c 
I  I  I 

c        c        c 

H'    '      OH  HO     '      H  M      '      OH 

Dextrogyre.  Levogyre.  Inactive. 

Fig.  224. — The  three  tartaric  acids. 

He  also  discovered  a  very  interesting  fact  in  regard  to  these  bodies,  namely, 
that  each  bond  of  the  two  central  carbon  atoms  of  the  above  pictures  is  attached  to  a 
different  atomic  grouping;  thus  one  bond  is  attached  to  the  other  central  carbon  atom, 
another  to  a  carboxyl,  a  third  to  a  hydrogen,  and  a  fourth  to  a  hydroxyl.  A  carbon 
atom  in  which  each  bond  is  attached  to  different  groups  is  called  an  asymmetric 
carbon  atom,  and  is  a  constituent  of  all  organic  bodies  which  polarize  light.  This 
important  statement  was  made  about  thirty-three  years  ago,  and  not  only  has  never 
been  disproved,  but  is  now  accepted  as  a  fact.  To  understand  this  very  striking 
chapter  of  newer  chemistry  thoroughly,  a  knowledge  of  polarization  is  essential,  and 
as  this  is  plainly  beyond  the  limits  of  the  present  volume,  the  reader  is  advised  to 
study  the  question  in  some  standard  work  of  physics. 

ACIDUM   TARTARICUM.     Tartaric  Acid. 

HAH4O,  =  148.92 

A  dibasic  organic  acid  [C2H2(OH)2(COOH)2],  usually  prepared  from  argol.  It 
should  contain  not  less  than  99.5  per  cent,  of  pure  Tartaric  Acid. 

Colorless,  translucent,  monoclinic  prisms,  or  crystalline  crusts,  or  a  white  powder, 
odorless,  having  a  purely  acid  taste,  and  permanent  in  the  air. 

Soluble  in  0.71  part  of  water,  and  1.67  parts  of  alcohol  at  25°  C.  (77°  F.);  in 
about  0.5  part  of  boiling  water  and  in  about  0.2  part  of  boiling  alcohol;  also  in  250 
parts  of  ether;  nearly  insoluble  in  chloroform,  benzene,  or  petroleum  benzin. 

When  heated  for  some  time  at  100°  C.  (212°-F.),  the  powdered  crystals  do  not 
suffer  a  sensible  loss  of  weight.  At  135°  C.  (275°  F.)  the  Acid  melts.  At  a  higher 
temperature  it  is  gradually  decomposed,  emitting  an  odor  resembling  burning  sugar, 
and  is  finally  consumed,  leaving  not  more  than  0.05  per  cent,  of  ash. 

An  aqueous  solution  of  Tartaric  Acid  reddens  blue  litmus-paper. 

An  aqueous  solution  (1  in  2)  of  the  Acid  mixed  with  a  strong  solution  (1  in  3) 
of  potassium  acetate  yields  a  white  crystalline  precipitate,  which  is  soluble  in  solu- 
tions of  alkalis  and  in  mineral  acids,  but  insoluble  in  acetic  acid. 

Tests  for  Identity. — Given  above. 

Impurities. — Sulphuric  acid,  oxalic  acid,  excess  of  calcium  and 
heavy  metals.     Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Remarks. — Tartaric  acid  occurs  in  the  juice  of  grapes  and  in  other 
fruit  in  the  form  of   acid  potassium  tartrate  and  calcium  tartrate, 


/ 
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its  commercial  source  being  from  argol,  which  represents  the  acid 
potassium  tartrate  which  deposits  from  wine  during  the  process  of 
aging.  The  crude  tartar  of  argol  is  cooked  with  chalk,  thus  forming 
calcium  tartrate,  which  is  then  heated  with  sulphuric  acid,  forming 
insoluble  calcium  sulphate  and  soluble  tartaric  acid.  A  solution  of 
the  latter  is  then  evaporated  and  crystallized. 

Tartaric  acid  is  used  as  a  refrigerant,  especially  in  the  form  of 
potassium  bitartrate.  The  acid  is  a  constituent  of  the  official  Seidlitz 
powders  and  is  interesting  by  reason  of  its  ability  to  form  three  dis- 
tinct classes  of  salts — normal,  acid,  and  double.     (See  p.  378.) 

Dose. — 500  milligrammes  (7^  grains). 

PENTANE 

(C5H1,) 

The  pentane  derivatives  of  pharmaceutic  interest  are: 

Amyl  alcohols CjHuOH. 

Amyl  nitrite,  U.  S.  P C5H11NO3. 

Valerianic  aldehyde C4H9CHO. 

Valerianic  acids C^HgCOOH. 

The  halogen  derivatives  of  pentane  are  of  no  pharmaceutic  in- 
terest. The  monatomic  alcohols  of  pentane  are  not  called  pentyl 
alcohols,  but  go  by  the  name  of  amyl  alcohols,  being  so  called  be- 
cause found  abundantly  in  the  spirit  obtained  by  fermenting  starch 
(amylum). 

The  amyl  alcohols,  C4HgOH,  are  interesting  as  being  the  chief 
constituents  of  fusel  oil. 

There  are  eight  isomeric  forms  of  amyl  alcohols  possible,  and  of 
these,  seven  are  known. 

AMYLIS  NITRIS.     Amyl  Nitrite. 

[Amyl  Nitris,  Pharm.  1890] 

A  liquid  containing  about  80  per  cent,  of  Amyl  (chiefly  Iso-amyl)  Nitrite [CjHuNOj 
=  116.24],  when  assayed  by  the  process  given  below.  It  should  be  kept  in  her- 
metically sealed  glass  bulbs  or  in  dark  amber-colored,  glass-stoppered  vials,  in  a  cool 
and  dark  place. 

A  clear,  yellowish  liquid,  of  a  peculiar,  ethereal,  fruity  odor,  and  a  pungent. 

Specific  gravity:  0.865  to  0.875  at  25°  C.  (77°  F.). 

Almost  insoluble  in  water;  miscible,  in  all  proportions,  with  alcohol  or  ether. 
It  is  very  volatile,  even  at  a  low  temperature,  and  is  inflammable,  burning  with  a 
yellow,  luminous,  and  sooty  flame.  It  boils  at  about  96°  to  99°  C.  (204.8°  to  210.2° 
F.). 

If  1  Cc.  of  normal  potassium  hydroxide  V.S.  and  10  Cc.  of  water  be  mixed  in  a 
test-tube  with  a  drop  of  phenolphthalein  T.S.,  then  5  Cc.  of  Amyl  Nitrite  added,  and 
the  tube  inverted  a  few  times,  the  red  tint  of  the  aqueous  layer  should  still  be  per- 
ceptible (limit  of  free  add). 

A  mixture  of  1.5  Cc.  of  silver  nitrate  T.S.  and  1.5  Cc.  of  alcohol  with  a  few  drops 
of  ammonia  water  should  not  become  brown  or  black  if  1  Cc.  of  Amyl  Nitrite  be  added 
and  the  mixture  gently  heated  (absence  of  aldehyde). 

Amyl  Nitrite  should  remain  transparent,  or  nearly  so,  when  exposed  to  the  tem- 
perature of  melting  ice  (absence  of  water). 

Tests  for  Identity. — Given  above. 

Impurities. — Excess  of  free  acid,  aldehyde,  and  water.  Details 
above. 


DERIVATIVES  OF   PROPANE,   BUTANE,   AND   PENTANE  687 

Assay. — Details  identical  with  assay  for  spirit  of  nitrous  ether 

,  , ,    .  r    X      •       volume  gas  X  4.8 

except  that  factor  is  — r-; ^~ — ; r 

weight  of  nitrite  used. 

Remarks. — This  ester,  which  is  quite  similar  to  ethyl  nitrite  (p. 
659),  is  made  by  practically  the  same  process  as  the  former,  namely, 
by  treating  amyl  alcohol  with  potassium  nitrite  and  sulphuric  acid, 
and  distilling  over  the  reaction  products. 

It  can  also  be  made  by  treating  fusel  oil  or  amyl  alcohol  with 
nitric  acid  and  copper,  the  copper  reducing  the  nitric  acid  to  the  nitrous 
form.     This  yields  the  official  product,  which  consists  of  about  80  per 

cent,  of  iso-amyl  nitrite,  pTT^>CHCH2CH2N02,  the  rest  being  mixture 

of  nitrites  of  the  other  amyl  alcohols. 

Amyl  nitrite  is  a  limpid,  light  yellow  liquid,  of  pleasant  but  striking 
odor,  and  sharp  taste.  While  it  boils  at  96°  to  99°  C,  it  is  very  volatile 
at  ordinary  temperatures,  hence  the  preservation  of  amyl  nitrite  calls 
for  considerable  care,  and  the  best  form  in  which  it  can  be  put  up  is 
in  sealed  glass  tubes  rather  than  in  glass-stoppered  bottles. 

Not  merely  is  loss  experienced  in  amyl  nitrite  by  evaporation, 
but  also  by  reason  of  the  fact  that  in  presence  of  moisture  it  decom- 
poses into  alcohol  and  nitrous  acid  by  the  following  reaction: 

C5H11NO2     +     HjO     =     CsHnOH     +     HNOj; 

hence,  in  order  to  preserve  amyl  nitrite,  it  is  necessary  that  it  be  kept 
absolutely  dry. 

Amyl  nitrite  is  a  very  valuable  medicine,  because  it  furnishes  a 
specific  in  cases  of  suffocation  resulting  from  attacks  of  angina  pec- 
toris. When  sharp  spells  of  this  distressing  complaint  come  on,  the 
inhalation  of  amyl  nitrite  usually  gives  relief.  Amyl  nitrite  is  put 
up  for  this  purpose  in  '^pearls/'  that  is,  in  small  hollow  shells  of  thin 
glass  hermetically  sealed.  'When  the  attack  begins,  the  patient 
crushes  one  of  these  pearls  in  a  handkerchief  and  inhales  the  escaping 
vapor. 

The  primary  amyl  alcohol  on  oxidation  yields  valerianic  aldehyde, 
and  this  in  turn  yields  valerianic  acid.     Secondary  amyl  alcohols, 

r\  XT 

on  the  other  hand,  yield  on  oxidation  either  diethyl-ketone,  p^    s^qq, 

PTT 
or  methyl  propyl  ketone,  p  j^^^^- 

Dose. — 0.2  Cc.  (3  minims). 

Valerianic  Acid  (C4H9COOH). — Four  modifications  of  valerianic 
acid  are  known: 

Propyl  acetic  acid,  CjH^CHjCOOH. 

Isopropyl  acetic  acid,  CHjv 


CH 
Methyl  ethyl  acetic  acid,     CH, 

C.H,- 


/ 


CHCHXOOH. 


CH3COOH. 


Trimethyl  acetic  acid,  CHjX 

CH3-)CC00H, 
CH/ 
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and  of  these,  the  one  usually  found  in  commerce  is  the  isopropyl  acetic 
acid,  this  body  being  recognized  in  pharmacy  as  acidum  valerianicum. 

Valerianic  acid  is  a  constituent  of  some  animal  fluids,  such  as 
sweat.  It  is  also  found  in  the  form  of  esters  in  dolphin  fat,  but  the  chief 
natural  origin  of  valerianic  acid,  from  which  it  obtains  its  name,  was 
from  valerian  root,  from  which  it  is  obtained  by  distillation  with  water. 

Usually,  however,  it  is  made  by  the  oxidation  of  the  appropriate 
amyl  alcohol  with  potassium  dichromate  and  sulphuric  acid. 

Valerianic  acid  is  a  mobile,  oily  liquid,  boiling  at  175°  C,  of  specific 
gravity  0.935,  having  the  characteristic  odor  of  valerian.  It  com- 
bines with  alkalis  to  form  salts,  such  as  the  valerianates  of  ammonium, 
iron,  and  zinc,  each  of  which  is  discussed  under  its  respective  metal, 
hence  it  is  only  necessary  here  to  cite  that,  in  order  to  get  a  white 
crystalline  sample  of  ammonium  valerianate,  monohydrated  valeri- 
anic acid  must  be  used,  and  not  the  trihydrated  frequently  found  in 
commerce.  The  trihydrated  can  be  converted  into  the  monohydrated 
by  crystallizing  a  mixture  of  neutral  sodium  valerianate  with  the  crude 
acid,  and  treating  the  crystalline  acid  salt  with  concentrated  sulphuric 
acid. 

While  tricarballylic  acid,  citric  acid,  and  acon'tic  acid  are  deriva- 
tives of  hexane,  they  can  be  most  conveniently  discussed  in  this 
chapter,  leaving  the  next  chapter  for  the  sole  consideration  of  those 
very  important  hexane  derivatives,  the  carbohydrates. 

Tricarballylic  Acid  (€3115(00011)3). — This  acid  with  the  long  name  is  cited  not 
because  of  its  pharmaceutic  value,  but  merely  because  it  is  the  connecting  link  be- 
tween the  compounds  just  mentioned  and  of  the  important  organic  acid  which  will 
be  cited  next.  It  will  be  seen,  from  the  formula  given  below,  that  this  represents 
that  acid  of  hexane  containing  three  carboxyls,  and  which,  therefore,  may  be  con- 
sidered as  the  oxidation  product  of  primary  triatomic  hexyl  alcohol. 

It,  therefore,  serves  the  purpose  of  introducing  its  oxy-derivative, 
which  is  none  other  than  citric  acid,  C3H40H(COOH)3. 

ACIDUM   CITRICUM.     Citric  Acid. 

H3C6H5O7  +  H2O  =  208.50 

A  tribasic  organic  acid  [C3H^(OH)(COOH)3  +  H20J,  usually  prepared  from  the 
juice  of  limes  or  lemons.  It  should  contain  not  less  than  99.5  per  cent,  of  pure  Citric 
Acid. 

Colorless,  translucent,  right-rhombic  prisms;  odorless;  having  an  agreeable, 
purely  acid  taste;  efflorescent  in  warm  air  and  deliquescent  when  exposed  to  moist  air. 

Soluble  in  0.54  part  of  water  and  in  1.55  parts  of  alcohol  at  25°  C.  (77°  F.); 
in  about  0.4  part  of  boiling  water  and  in  1.43  parts  of  boiling  alcohol;  also  soluble 
in  18  parts  of  ether. 

When  heated  to  about  75°  C.  (167°  F.)  the  Acid  begins  to  lose  its  water  of 
crystallization;  at  about  135°  C.  (275°  F.)  it  becomes  anhydrous,  and  melts  between 
152°  and  153°  C.  (305.6°  and  307.4°  F.). 

When  slowly  ignited,  it  is  gradually  decomposed  without  emitting  an  odor  re- 
sembling burning  sugar  (difference  from  tartaric  acid),  and  is  finally  consumed  without 
leaving  more  than  0.05  per  cent,  of  residue. 

An  aqueous  solution  of  Citric  Acid  reddens  blue  litmus-paper. 

On  adding  1  Cc.  of  an  aqueous  solution  of  the  Acid  (1  in  10)  to  50  Cc.  of  calcium 
hydroxide  T.S.  (or  sufficient  of  the  latter  to  render  the  mixture  alkaline),  the  liquid 
remains  clear.  Upon  boiling  this  for  about  one  minute,  it  becomes  opaque  through 
the  precipitation  of  calcium  citrate,  which  redissolves  on  cooling. 

If  1  Gm.  of  the  powdered  Acid  be  dissolved  in  5  Cc.  of  a  cold  solution  of  potas- 
sium acetate  (1  in  3),  the  liquid  should  remain  clear,  even  after  the  addition  of  an 
equal  volume  of  alcohol  (absence  of  tartaric  or  oxalic  acid). 
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Tests  for  Identity. — See  above. 

Impurities. — Tartaric  acid  and  oxalic  acid.  Details  above.  Cal- 
cium, heavy  metals,  excess  of  iron,  excess  of  sulphuric  acid.  Details 
in  Part  V. 

Assay. — Details  in  Part  V, 

Remarks. — Citric  acid  was  isolated  by  Scheele  in  1789  from  the 
juice  of  lemon,  and  analyzed  by  Liebig  in  1831;  while  the  structure 
of  the  body  was  proposed  by  Salet  (1868)  and  confirmed  by  Grimaux 
and  Adam  (1880). 

Citric  acid  occurs  in  the  juice  of  the  lemon  and  some  other  fruits, 
the  former,  however,  being  the  source  of  the  commercial  article.  By 
treating  lemon-juice  with  calcium  carbonate,  calcium  citrate  is  pre- 
cipitated out,  and  this  precipitate,  after  being  thoroughly  washed, 
is  treated  with  sulphuric  acid,  whereby  a  precipitate  of  calcium  sul- 
phate is  formed  and  citric  acid  goes  into  solution.  The  citric  acid 
solution  is  then  concentrated  in  vacuo  and  allowed  to  crystallize. 

Several  syntheses  of  citric  acid  have'  been  accomplished,  one  of 
which  is  from  carballylic  acid,  thus  proving  its  structural  formula. 
None,  however,  has  attained  commercial  value. 

Citric  acid  occurs  in  translucent,  right-rhombic  prisms,  melting  at 
152°  to  153°  C,  having  the  specific  gravity  1.6,  and  soluble  in  0.63 
part  of  water. 

Citric  acid  crystallizes  with  one  molecule  of  water  of  crystallization, 
and  is  prone  to  efflorescence.  Moreover,  if  the  acid  is  heated  to  175  °  C, 
it  will  not  merely  lose  its  water  of  crystallization,  but  also  a  molecule 
of  water  from  its  own  structural  formula,  with  formation  of  a  new  body, 
aconitic  acid. 

It  may  be  well  to  compare  the  graphic  formula  of  the  three  acids 
just  mentioned  along  with  the  alcohol  from  which  derived: 

Primary  triatomic        Tricarballylie  Citric  Aconitic 

hexyl  alcohol.  acid.  acid.  acid. 

CHjCHjOH  CH^COOH  CH^COOH  CHCOOH 


CH— CH,OH  CHCOOH  COHCOOH  C 

H,CH,OH  CHXOOH  CH,COOH  CH^COOH 


(i 


The  fact  that  citric  acid  easily  parts  with  a  molecule  of  water 
should  always  be  borne  in  mind,  and,  therefore,  undue  heat  should 
not  be  used  in  evaporating  a  solution  of  citric  acid  or  of  its  salts. 
In  fact,  the  evaporation  should  take  place  in  vacuo. 

Dose. — 500  milligrammes  (7^  grains). 

Citric  acid  forms,  with  metals,  the  well-known  salts,  the  citrates. 
Of  these,  the  following  are  official: 

Bismuth  citrate.  Lithium  citrate. 

Bismuth  and  ammonium  citrate.  Effervescent  lithium  citrate. 

Ferric  citrate.  Effervescent  magnesium  citrate  (U.  S. 

P.  1890). 

Iron  and  ammonium  citrate.  Potassium  citrate. 

Iron  and  quinine  citrate.  Effervescent  potassium  citrate. 
Soluble  iron  and  quinine  citrate. 
Iron  and  strychnine  citrate. 
Soluble  iron  and  strychnine  citrate. 

44 
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DRUGS  CONTAINING  FRUIT  ACIDS 

As  this  opens  the  subject  of  crude  drugs,  a  few  words  of  intro- 
duction may  be  advisable. 

Vegetable  drugs  consist  of  whole  plants,  plant  parts,  or  plant  ex- 
cretions; in  other  words,  are  portions  of  that  collection  of  cells  called 
a  plant.  Knowledge  of  plants  forms  the  science  of  botany,  and  a  full 
discussion  of  this  science  is  clearly  beyond  the  limits  of  this  work; 
hence  the  student  is  referred  to  list  of  standard  text-books  given  in 
the  Preface.  To  explain  the  "official  definitions"  (p.  24)  of  the  drugs 
that  must  be  considered  in  this  book  a  slight  resume  of  the  important 
plant  parts  is  in  order  and  is  here  given,  fuller  details  of  peculiar  cases 
being  considered  under  drugs  illustrative  of  each  case. 

The  study  of  vegetable  drugs — of  the  plant  parts  used  in  medicine — 
forms  that  branch  of  knowledge  called  organic  materia  medica,  and 
even  this  in  its  complete  form  is  beyond  the  province  of  this  work, 
reference  to  the  leading  text-books  on  the  subject  being  found  in 
the  Preface. 

In  the  study  of  materia  medica,  drugs  are  usually  grouped  as  be- 
longing to  the  several  classes  of  plant  parts, — roots,  stems,  rhizomes, 
tubers,  woods,  barks,  leaves,  bulbs,  herbs,  flowers,  fruit,  and  seeds, — 
hence  it  may  be  well  to  define  these  parts  (or  organs)  at  this  place. 

A  root  is  that  part  of  the  plant  axis  that  does  not  bear  leaves. 
Roots  are  not  always  under  ground;  thus,  ivy  has  roots  above  ground 
that  aid  the  plant  in  climbing. 

A  stem  is  that  portion  of  the  plant  axis  which  does  bear  leaves. 
All  stems  are  not  above  ground;  the  so-called  "roots"  of  the  violet  or 
of  Solomon's  seal,  which  run  horizontally  under  ground,  are  stem  parts, 
for  the  leaves  spring  directly  from  them. 

A  rhizome  is  that  stem  part  which  lives  under  ground.  The  violet 
stem  part  just  mentioned  is  an  example  of  a  rhizome. 

A  tuber  is  a  thickened  underground  stem,  used  as  a  reservoir  for 
starch.  Example,  the  Irish  potato.  In  the  case  of  some  tubers, 
they  more  closely  resemble  roots  than  stems,  and  are  then  called  tuber- 
ous roots;  an  official  example  of  such  is  found  in  aconite. 

Stems  of  large  plants  like  trees  are  called  trunks,  and  such  a  trunk 
can  be  roughly  divided  into  the  central  part,  called  the  wood,  and  the 
outer,  more  or  less  corky  layer,  called  the  bark. 

Leaves  are  expansions  of  the  stem  tissue  arranged  regularly  on  the 
stem.  Ordinary  leaves  perform  the  function  of  respiration  or  breath- 
ing, playing  an  important  part  in  the  conversion  of  carbon  dioxide, 
which  they  absorb  from  the  air,  into  starch,  sugar,  and  cellulose. 

Bulbs  are  collections  of  underground  leaves  attached  to  a  stem 
which  consists  of  nothing  more  than  a  conical  disk  from  beneath  which 
the  rootlets  project.  The  onion  is  a  good  example  of  a  bulb.  The  dif- 
ference between  a  tuber  and  a  bulb  may  well  be  given  here.  An  ex- 
ample of  a  tuber  is  the  Irish  potato,  and  as  the  example  of  a  bulb  the 
onion  will  be  taken,  and  even  slight  examination  will  show  that  these 
two  are  different.  Both  grow  underground  and  neither  is  a  root;  yet 
they  are  not  the  same.  A  bulb,  like  a  tuber,  is  an  underground  stem, 
but  it  goes  farther,  since  it  also  includes  distinct  underground  leaves. 
Thus,  in  the  onion,  the  thick,  juicy  scales  are  the  underground  leaves. 
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and  all  there  is  of  the  stem  is  the  hard  little  base  from  which  the  root- 
lets grow  and  to  which  the  scales  (leaves)  are  attached. 

Herbs  represent  the  whole  dried  plant,  usually  deprived  of  its  roots. 

Flowers  are  leaf  modifications  which  perform  the  function  of  repro- 
duction, the  special  organs  for  this  purpose  being  the  ovary — the 
female  organ — and  the  anther — the  male  organ.  The  fertilized  ovary 
develops  within  itself — 

Seeds,  which  are  organisms  containing  a  germ, — the  beginning  of  a 
new  plant, — provided  with  sufficient  nourishment  to  support  it  during 
the  first  days  of  its  sprouting. 

Fruits  represent  the  ripened  ovary  and  its  appendages.  The 
appendages  vary  from  a  thin,  chaff-like  ovary  wall,  in  anise,  to  the  large 
luscious  "meat"  and  thick  green  rind  of  the  watermelon. 

Chemically,  drugs  consist  of  many  substances;  those  that  are 
plant  organs  consisting,  histologically,  of  cell-wall  and  cell-contents, 
drugs  that  are  exudations  from  plants  being  usually  entirely  cell- 
contents.  This  cell-wall,  which  consists  of  cellulose,  wood,  bast,  or 
cork,  according  to  its  development  is  generally  spoken  of  pharma- 
ceutically  as  "fibrous  tissue.^'  The  cell-contents  consist  of  a  vast 
number  of  bodies,  such  as  alkaloids,  glucosides,  neutral  principles, 
oils  (volatile  or  fixed),  tannin,  resin,  gum,  starch,  sugar,  etc.  The 
last  four  are  found  in  almost  all  plants,  while  the  others  are  more 
sparingly  found,  and  constitute  the  active  principle  of  the  specific 
drug  under  consideration. 

This  leads  to  the  classification  of  drugs  into  alkaloidal  drugs, 
glucosidal  drugs,  astringent  drugs,  etc.  In  the  consideration  of  every 
drug  on  the  pages  which  follow  the  constituents  will  be  an  important 
feature  study,  and  let  it  be  here  frankly  stated  that  under  constituents 
will  be  given  only  those  which  make  the  drug  of  value.  Thus  in  con- 
sidering alkaloidal  drugs  a  continuous  repetition  of  "gum,  starch, 
and  sugar"  will  be  omitted,  reference  being  made  to  these  constituents 
only  when  they  play  an  important  role. 

RHUS   GLABRA.     Rhus  Glabra. 

The  dried  fruit  of  Rhus  glabra  Linn6  (Fam.  Anacardiacece). 

Constituents. — Potassium  and  calcium  malate;  some  tannin. 
Medical  Properties. — Refrigerant,  astringent.     Infusion  used  as  a 
gargle  in  sore  throat. 

Dose. — 1  Gm.  (15  grains). 

TAMARINDUS.     Tamarind. 

The  preserved  pulp  of  the  fruit  of  Tamarindus  indica  Linn6  (Fam.  Leguminosce). 

Constituents. — Citric  acid,  tartaric  acid,  malic  acid,  and  potassium 
bitartrate. 

Remarks. — Tamarind  is  a  preserved  pulp  of  the  fruit  rather  than 
the  whole  fruit,  and  is  frequently  found  in  commerce  mixed  with 
molasses. 

Medical  Properties. — Refrigerant  and  laxative.  A  drink  from 
tamarinds  and  cream  of  tartar  is  popular  in  the  south  for  "thinning 
the  blood." 

Dose.— 16  Gm.  (240  grains). 
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LIMONIS  SUCCUS.     Lemon  Juice. 

The  freshly  expressed  juice  of  the  ripe  fruit  of  Citrus  Limonum  Risso  (Fam. 
Rutacece) . 

A  sHght  turbid,  yellowish  liquid,  having  the  odor  of  lemon;  taste  acid  and  often 
slightly  bitter. 

SpeciEc  gravity:  1.030  to  1.040  at  25°  C.  (77°  F.). 

It  reddens  blue  litmus-paper  and  should  contain  from  7  to  9  per  cent,  of  citric 
acid. 

Tests  for  Identity. — Given  above. 

Impurities. — Sulphuric  acid  or  sulphates,  acetic  acid,  tartaric  acid. 
Details  in  Part  V. 

Assay. — Details  in  Part  V. 

Constituents. — Citric  acid,  sugar,  some  salts  (t^  oi  1  percent,  ash). 

Remarks. — As  mentioned  on  p.  689,  lemon  juice  is  the  commercial 
source  of  citric  acid.  Note  that  the  original  "neutral  mixture" 
(Mistura  Potassii  Citratis,  p.  444)  was  made  by  neutralizing  lemon 
juice  with  potassium  bicarbonate. 

Medical  Properties. — Refrigerant,  formerly  used  on  shipboard  as  a 
preventive  of  scurvy,  a  loathsome  disease  produced  by  a  steady  diet 
of  salt  meat. 

Dose. — 30  Cc.  (1  fluidounce). 


CHAPTER   XXXIX 
DERIVATIVES  OF  HEXANE 

The  following  derivatives  of  hexane  (CgH^^)  are  of  interest: 

Hexyl  alcohols CeH^OH. 

Capronic  acid CsHnCOOH. 

Mannite  ) 

Dulcit     [ CeH8(0H)e. 

Sorbit     J 

Glucose CgHijOg. 

Sugar,  U.  S.  P CiaHj^Ou. 

Starch,  U.  S.  P (CeH,o05)x. 

Gum CeHioO^. 

Cellulose (CeHioOs),. 

Pyroxylin,  U.  S.  P Nitrocellulose. 

Glucosides. 

TricarballyUc  acid C3H5(COOH)3. 

Citric  acicl,  U.  S.  P C3H,(OH)(COOH)3. 

Of  the  hexyl  alcohols,  seventeen  are  possible,  but  since  none  is  of 
pharmaceutic  value,  they  will  not  be  noticed. 

By  the  oxidation  of  one  of  these  alcohols,  capronic  acid,  CH3(CH2)4- 
COOH,  is  obtained.  This  capronic  acid  is  a  fatty  acid  discovered  by 
Chevreul  in  1824,  and  is  found  as  an  ester  in  cocoanut  oil,  Limburger 
cheese,  and  goat  butter,  and  is  cited  merely  because  it  is  the  only 
monobasic  acid  of  hexane  of  pharmaceutic  interest. 

Mannite,  CeH8(OH)6,  is  the  hexatomic  alcohol  of  hexane.  It 
was  isolated  by  Proust  from  manna  in  1800,  and  is  also  found  in  minute 
traces  in  Viburnum  Opulus  and  in  a  few  other  barks.  The  chief  source 
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of  commercial  mannite  is  manna,  from  which  it  is  obtained  by  treating 
with  boiling  alcohol.  From  the  alcoholic  solution  the  mannite  sepa- 
rates on  cooling  in  small  white  crystals  of  sweetish  taste. 

It  should  be  called  mannitol,  since  it  is  an  alcohol. 

By  careful  oxidation  it  yields  mannose,  a  variety  of  sugar,  while 
oxidation  with  nitric  acid  yields  saccharic  acid. 

Dulcite  and  sorbite  are  isomeres  of  mannite,  the  former  obtained  by  reduction  of 
lactose  (milk-sugar)  and  the  latter  by  reduction  of  glucose. 

These  three  hexatomic  alcohols  yield  ketone  and  aldehyde  derivatives,  which 
are  of  great  importance,  such  as  glucose,  mannose,  cane-sugar,  starch,  and  cellulose. 

The  formula  of  the  first  two  is  QHijOe. 

Cane-sugar  is  C12H22O11. 

Starch  and  cellulose,  (CgHjo05)x. 

On  examining  these  formulas  it  will  be  noticed  that  the  hydrogen 
and  oxygen  atoms  attached  to  the  carbon  atoms  are  present  in  exactly 
the  same  proportion  as  in  water,  viz.,  there  are  always  twice  as  many 
hydrogen  atoms  as  oxygen  atoms.  For  this  reason  to  this  class  of 
bodies  was  assigned  the  name  "carbohydrates,"  although  at  present 
but  little  stress  is  laid  on  this  characteristic. 

Carbohydrates. — While  most  carbohydrates  are  derivatives  of 
hexane,  some  are  found  containing  more  or  less  carbon  than  six. 
Thus,  arabinose  is  C5H10O5.  On  the  other  hand,  some  contain  seven 
carbon  atoms,  some  eight  carbon  atoms,  and  some  nine;  but  practically 
all  the  carbohydrates  are  derivatives  of  hexane. 

The  hexane  carbohydrates  can  be  roughly  grouped  into  three 
classes,  the  first  having  the  form  CgHiaOg,  which  have  representatives 
in  glucose  and  dextrose;  the  second,  being  of  double  formula,  CijHjjOn, 
is  found  in  cane-sugar;  while  the  group  CgHioOg  has  representatives 
in  such  well-known  bodies  as  starch,  gum,  and  cellulose. 

The  first  examination  of  these  bodies  shows  that  one  should  be 
derived  from  the  other,  thus: 

2CgHio05,  which  is  C^HjoOio 

plus  one  molecule  of  water,  Hj  O, 

gives  us  a  molecule  of  sugar  CijHjjOu, 
and  when  to  this  we  add  another 

molecule  of  water,  HLj  O, 


we  get      C12H24O12 
or    2C.Hi30e, 
which  is  the  formula  of  glucose. 

The  transition  of  starch  or  sugar  into  glucose  is  really  performed 
by  the  adding  of  water  (by  chemical  means) .  The  reverse  operation 
is  not  so  simple  a  one,  and  has  not  been  performed. 

On  the  other  hand,  one  molecule  of  glucose  minus  one  molecule  of 
water  gives  the  empiric  formula  of  one  molecule  starch  or  gum. 

As  in  the  case  cited  above,  the  transformation  of  glucose  into  starch 
has  not  been  accomplished,  but  the  reverse  operation,  the  conversion 
of  starch  into  glucose,  is  performed  by  the  very  simple  act  of  heating 
the  starch  with  dilute  sulphuric  acid.  It  may  be  as  well  to  state  right 
here  that  the  agent  used  for  the  molecular  addition  of  water  is  usually 
diluted  sulphuric  acid,  and  the  process  of  chemically  combining  water 
is  called  " hydrolyzing."     On  the  other  hand,  if  it  is  desired  to  remove 
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water  from  the  molecule  of  an  organic  substance,  concentrated  sul- 
phuric acid  is  usually  the  agent  employed,  when  it  is  said  to  act  as  a 
"dehydratorJ' 

The  formula,  CgHijOg,  it  will  be  noticed,  differs  from  the  formula  of 
mannite,  C8Hi40g,  by  containing  two  atoms  of  hydrogen  less.  It  will 
be  also  noticed  that  this  is  the  difference  between  the  formula  of  an 
ordinary  alcohol  and  its  aldehyde  or  ketone,  and  it  is  really  true  that 
CgH^g^e  is  an  aldehyde  or  ketone  derivative  of  the  hexatomic  alcohol, 
CeH8(0H)g.  The  carbohydrates  are  called  aldoses,  or  ketoses,  accord- 
ing as  the  alcohol  group  has  been  changed  to  an  aldehyde  or  a  ketone, 
though  some  are  of  more  intricate  composition. 

The  carbohydrates  can  best  be  studied  by  taking  up  three  groups  in 
their  regular  order,  viz.: 

Those  having  formula  CeHuOg,  or  monoses. 
C12H22O11,  or  bioses. 
CeHijOg,  or  polysaccharides. 

THE  CARBOHYDRATES 

(CgHijOo) 

These  are  bodies  of  more  or  less  sweetness,  and  all  possess  optical  activity, 
that  is,  all  deviate  the  ray  of  polarized  light  either  to  right  or  left,  except  the 
synthetic  inactive  varieties.  According  to  Van  t'Hoff's  rule,  each  active  substance 
should  contain  at  least  one  asymmetric  carbon  atom,  and  investigation  has  shown 
that  this  is  true  in  every  case.  Several  syntheses  of  these  bodies  have  been  ac- 
complished; thus  paraformaldehyde  cooked  with  milk  of  lime  gives  acrose;  formal- 
dehyde cooked  with  milk  of  lime  gives  a  mixture  of  formose  and  acrose  (p.  647). 
Likewise  dibromide  of  acrolein  (p.  681),  when  treated  with  barium  hydroxide, 
gives  acrose.  The  bodies  of  this  series  are  all  readily  converted  into  alcohol  when 
brought  into  contact  with  the  ferment,  yeast.  If  other  bacteria  of  fermentation 
are  added,  they  yield  lactic  or  butyric  acid  or  dextrin,  as  the  case  may  be. 

Following  the  rule  of  aldehydes  and  alcohols,  these  bodies  of  formula  CgHijO, 
oxidize  to  special  acids  under  special  treatment,  and,  on  the  other  hand,  can  be 
reduced  to  special  alcohols. 

They  all  combine  with  calcium  or  strontium  to  form  alcoholates  of  the  same. 
They  give  all  the  reactions  characteristic  of  aldehydes  and  ketones,  for  example,  form 
distmct  crystalline  bodies  with  phenyl  hydrazine.  Some  bodies  of  the  group  (man- 
nose  and  glucose)  oxidize  to  the  corresponding  acid  showing  aldehyde  characteristics, 
while  the  fructoses,  under  similar  treatment,  break  up,  showing  their  ketone  charac- 
teristics. 

The  bodies  of  formula  CgHiaOg  can  be  roughly  divided  into  three  groups: 

Fructoses,  CH^OH— (CH0H)3C0— CH^OH. 
Mannoses,  CH^OH— (CHOH),— CHO. 
Glucoses,  CH^OH— (CHOH),— CHO. 

Of  each  of  these,  three  varieties  are  known:  (1)  The  levogyre,  which  rotate  the 
ray  of  light  to  the  left;  (2)  the  dextrogyre,  which  rotate  the  ray  to  the  right;  and  (3) 
the  inactive,  which  do  not  affect  the  ray  of  light. 

It  will  be  noticed  that  levogyre  is  abbreviated  to  the  letter  "  1,"  dextrogyre,  to 
"  d,"  and  inactive,  to  "  i,"  and  let  it  be  stated  here  that  in  future,  in  this  work,  these 
abbreviations  will  be  used  instead  of  the  long  technical  names. 

The  three  fructoses  are  as  follows: 

"1 "  fructose  (acrose),  which  is  of  interest  merely  as  one  of  the  synthetic  sugars. 

"  d  "  fructose  (fruit-sugar),  which  is  the  sweet  constituent  of  many  fruits. 

"  i  "  fructose — levulose. 

The  three  mannoses  are  of  no  pharmaceutic  interest  except  as  derivatives  of 
mannite. 

Of  the  three  glucoses,  the  only  one  of  interest  is  the  dextrogyrate. 
This  product  is  the  chief  constituent  of  honey  (which  see),  and  can 
be  made  by  inversion  (hydrolysis)  of  cane-sugar  and  of  starch,  the 
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reaction  being  as  given  on  p.  693.  ^  The  commercial  source  of  glucose 
is  corn,  from  which  the  embryo  is  removed  by  mechanical  means, 
the  residue  treated  with  sodium  hydroxide  to  remove  gluten  and  albu- 
minous matter  naturally  found  in  the  corn,  and  the  starch  thus  purified 
hydrolyzed  by  treating  with  sulphuric  acid.  On  completion  of  the 
inversion,  the  excess  of  acid  is  neutralized  by  the  addition  of  barium 
chloride,  the  precipitate  of  barium  sulphate  filtered  out,  and  the  aque- 
ous solution  of  glucose  concentrated  in  vacuo.  It  is  interesting  to 
note  that  the  separated  embryo  of  the  corn,  when  submitted  to  ex- 
pression, yields  a  considerable  quantity  of  fixed  oil  {corn  oil),  which 
is  a  valuable  drying  oil.  The  original  intent  of  removing  the  germ 
was  to  prevent  the  glucose  liquid  from  being  greasy,  and  this  affords 
another  instance  of  the  development  of  a  special  industry  by  the 
utilization  of  side-products.  Glucose  is  placed  on  the  market  in  two 
forms:  one,  a  thick,  syrupy  liquid,  having  specific  gravity  1.412,  per- 
fectly miscible  with  alcohol  and  water. 

A  solid  form  of  glucose  is  now  obtainable,  the  terms  dextrose  and 
grape-sugar  being  at  present  reserved  for  this  solid  glucose.  Glucose 
is  a  reducing^agent,  changing  cupric  salts  to  the  cuprous  form.  Just 
as  sulphuric  oxide,  SO3,  can  be  converted  into  sulphurous  oxide, 
SO2,  by  reduction,  so  can  cupric  oxide,  CuO,  or  its  hydroxide,  dissolved 
in  excess  of  alkali,  be  reduced  to  cuprous  oxide,  CujO,  as  shown  below: 

2CuO  =  Cu202  cupric  oxide 
less  O 

yields    CiLjO  cuprous  oxide, 

the  valence  of  the  copper  being  reduced  during  the  reaction  from  11 
to  I. 

While  this  reaction  occurs  under  the  influence  of  any  reducing 
agent,  it  is  usually  confined  to  the  identification  and  estimation  of 
glucose,  for  which  it  is  admirably  adapted,  the  brick-red  precipitate 
of  cuprous  oxide  being  very  characteristic.  Glucose  is  a  constituent 
of  urine  in  diabetes,  and  in  this  way  its  identification  is  of  much  im- 
portance to  the  pharmacist.  In  examining  the  urine  for  sugar  either 
Fehling's  or  Trommer's  test  is  applied.  The  latter,  which  is  the  oldest, 
consists  in  treating  the  suspected  urine  with  a  solution  of  copper  sul- 
phate and  a  few  drops  of  solution  of  soda  (whereby  the  copper  sulphate 
is  converted  into  cupric  hydroxide). 

On  boiling,  this  blue  cupric  hydroxide  is  converted  into  brick-red 
cuprous  oxide  if  glucose  or  other  reducing  agent  be  present. 

Fehling's  solution  is  an  improved  modification  intended  for  volu- 
metric analysis.  It  contains  sodium  and  potassium  tartrate  (Rochelle 
salt),  in  addition  to  copper  sulphate  and  sodium  hydroxide.  It  is 
found  among  the  volumetric  solutions  of  the  pharmacopcfiia.  (See 
Part  V.) 

Galactose  (CH20H(CHOH)4CHO). — This  monose  is  made  by  inversion  of  milk- 
sugar.     It  oxidizes  to  mucic  acid,  and  is  of  no  pharmaceutic  value. 

CARBOHYDRATES 

(CijHjjOii) 

The  bioses  are  those  carbohydrates  having  the  formula  CijH„On,  and,  as  men- 
tioned above,  these  represent  two  molecules  of  CgHijOg  minus  one  molecule  of  water. 
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They  are  much  more  easily  crystallized  than  the  monoses,  are  optically  active,  and 
are  fermentable  only  after  being  hydrolyzed,  the  sole  exception  to  this  statement 
being  that  maltose  is  directly  fermentable.  As  already  mentioned,  the  bioses,  under 
treatment  with  dilute  sulphuric  acid  and  special  ferments,  such  as  diastase,  are 
hydrolyzed  into  bodies  having  the  formula  CgHijOj.  Each  biose  yields  different 
products  under  hydrolysis;  thus  cane-sugar  hydrolyzes  to  glucose  and  fructose; 
maltose  to  glucose;  and  lactose  into  a  galactose  and  glucose. 

Maltose  and  lactose  reduce  silver  nitrate  and  Fehling's  solution,  hence  are  alde- 
hydes. Cane-sugar,  on  the  other  hand,  does  not  act  in  this  way,  hence  contains  no 
aldehyde  groups.  All  three  of  these  bioses  form  esters  of  acetic  acid  containing 
eight  acetyl  groups,  from  which  is  deduced  the  fact  that  each  contains  eight  hy- 
droxyls.  There  is  much  in  the  chemistry  of  these  bodies  yet  to  be  cleared,  but  from 
the  few  facts  already  mentioned  it  has  been  decided  that  they  represent  anhydrides 
of  the  various  glucoses,  evidently  those  into  which  they  separate  under  hydrolysis. 
The  exact  chemical  structure  of  these  bodies  has  not  been  clearly  ascertained,  but 
the  following  formulas  have  been  suggested  for  saccharose  (cane-sugar) : 


.0     (C 


Toll  en's  formula. 

Fischer's  formula. 

1                 U        l^xijUrl 
-CH             \ 

(inoH),    ./ 

1                    U           l^xlaUll 

0      (CHOH),        / 

0      (CH0H)3 
\CH 

\                   0      (CH0H)3 
1                      ^CH 

CH,OH. 

CHOH 

CH,OH. 
CH.OH 

SACCHARUM.     Sugar. 

C.2H2,0„  =  339.6 

The  refined  sugar  obtained  from  Saccharum  offidnarum  Linn6,  and  from  various 
species  or  varieties  of  Sorghum  (Fam.  Graminece);  also  from  one  or  more  varieties  of 
Beta  vulgaris  Linn6  (Fam.  Chenopodiacece) . 

White,  dry,  hard,  distinctly  crystalline  granules,  odorless,  and  having  a  purely 
sweet  taste.     Permanent  in  the  air. 

The  aqueous  solution,  saturated  at  25°  C.  (77°  F.),  has  a  specific  gravity  of 
about  1.340,  is  miscible  with  water  in  all  proportions,  should  be  colorless,  and  is  dex- 
trogyrate. 

Soluble  in  0.46  part  of  water  and  in  137.2  parts  of  alcohol  at  25°  C.  (77°  F.); 
in  0.2  part  of  boiling  water  and  in  28  parts  of  boiling  alcohol;  also  soluble  in  80  parts 
of  boiling  absolute  alcohol,  but  insoluble  in  ether,  chloroform,  or  carbon  disulphide. 

The  aqueous  or  alcoholic  solution  of  Sugar  is  neutral  to  litmus-paper. 

Both  the  aqueous  and  the  alcoholic  solution  of  Sugar  should  be  clear  and  trans- 
parent. When  kept  in  large,  well-closed  and  completely  filled  bottles,  the  solutions 
should  not  deposit  a  sediment  on  prolonged  standing  (absence  of  insoluble  salts, 
ultramarine,  Prussian  blue,  etc.). 

If  1  Gm.  of  Sugar  be  dissolved  in  10  Cc.  of  boiling  water,  the  solution  mixed  with 
4  or  5  drops  of  silver  nitrate  T.S.,  then  about  2  Cc.  of  ammonia  water  added,  and  the 
liquid  quickly  brought  to  the  boiling-point,  not  more  than  a  slight  coloration  and 
no  black  precipitate  should  appear  in  the  liquid  after  standing  at  rest  for  five  min- 
utes (absence  of  glucose,  and  of  more  than  a  slight  amount  of  inverted  su^ar). 

Tests  for  Identity. — Given  above. 

Impurities. — Insoluble  salts,  ultramarine,  Prussian  blue,  glucose, 
and  inverted  sugar.     Details  above. 

Remarks. — Sugar  can  be  obtained  from  cane,  Saccharum  offidna- 
rum, beet,  Beta  vulgaris,  or  sorghum,  Andropogon Sorghum,  var.  Sac- 
charatus,  the  products  in  each  case  being  chemically  identical.     The 
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three  varieties  of  commercial  sugar  are  yielded  by  three  distinct  plants; 
those  yielding  sugar-cane  and  sorghum  sugar  greatly  resemble  the 
corn,  and  in  both  cases  the  stalks  are  cut  near  the  roots  at  the  proper 
season,  the  leaves  lopped  off  from  the  stalks,  which  are  then  passed 
through  rollers,  by  which  means  the  juice  is  expressed.  The  juice  is 
treated  with  lime  to  remove  the  gluten  and  albumin,  and  the  lime 
removed  as  calcium  carbonate,  when  the  liquid  consists  of  a  thin 
solution  from  which  sugar  is  obtained  by  appropriate  concentration. 
At  present,  in  place  of  lime,  calcium  bisulphite  is  frequently  used. 
This  chemical  not  merely  removes  the  gluten  and  albumin,  but  also 
acts  as  an  antiseptic.  Formerly  the  light  juice  was  concentrated  in 
large  pans  under  atmospheric  pressure  (''open  kettle  process").  In 
such  cases,  however,  the  solution  underwent  slight  decomposition, 
darkening  the  product,  and  forming  the  commercial  brown  sugar. 
To  refine  this  brown  sugar  it  is  necessary  to  redissolve  and  clarify  it 
with  albuminous  matter,  such  as  blood,  filter  through  charcoal  and 
the  solution  concentrated  in  vacuo,  and  at  the  present  time  this 
concentration  in  vacuo  is  done  from  the  very  beginning.  When  the 
liquid  in  the  vacuum  pan  has  reached  a  proper  degree  of  concentra- 
tion, and  the  sugar  is  beginning  to  separate  out  by  crystallization, 
the  mass  is  transferred  to  centrifugal  machines  and  is  entirely  freed 
from  moisture. 

The  process  of  making  beet-sugar  is  more  complicated  than  that 
of  making  cane-sugar,  the  saccharine  solution  being  prepared  by  chop- 
ping the  beets  into  small  particles  and  macerating  same  in  warm  water, 
this  process  being  known  as  the  diffusion  process.  This  solution  con- 
tains many  more  impurities  than  does  the  cane-juice,  hence  many 
and  complicated  methods  of  purification  have  to  be  used,  and  in  this 
way  quite  a  number  of  side-products  of  more  or  less  value  are  obtained. 
Thus,  it  will  be  recalled  that  methyl  chloride  (p.  641)  is  now  obtained 
largely  from  beet-sugar  residue. 

The  process  of  diffusion  mentioned  above  is  now  used  in  some 
factories  in  the  manufacture  of  cane-sugar.  The  cane,  instead  of 
being  run  through  rollers,  is  relieved  of  its  sugar  by  maceration  in 
warm  water.  The  extraction  in  this  case  is  much  more  thorough 
than  by  pressure,  but  requires  more  manipulation,  making  the  process 
more  expensive. 

Sugar  appears  in  -commerce  usually  in  the  granulated  form,  al- 
though in  some  sections  of  the  world  the  old-fashioned  sugar-loaf  is 
still  used.  This  is  made  by  pouring  the  most  concentrated  warm  solu- 
tion of  sugar  into  conical  molds,  letting  stand  twenty-four  hours, 
draining  off  the  syrup,  and  drying. 

If  a  saccharine  solution  is  allowed  slowly  to  crystallize  on  strings, 
large  transparent  crystals  are  formed,  these  being  known  as  rock- 
candy.  Sugar  melts  at  160°  C,  and  if  the  sugar  which  has  been 
brought  to  the  melting-point  with  the  aid  of  a  little  water  is  then  al- 
lowed suddenly  to  cool,  it  produces  a  candy  form  of  sugar  sometimes 
called  barley-sugar.  If  sugar  is  heated  to  200°  C,  the  product  begins 
to  carbonize  and  results  in  a  deep  brown  liquid  called  caramel.  This 
liquid  is  used  quite  largely  as  a  coloring  matter  in  soda-water  syrups; 
hence  it  will  not  be  amiss  to  mention  the  details  of  preparation. 
Thus,  if  the  carameled  sugar  is  allowed  to  cool  without  addition  of 
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water,  it  will  deposit  in  a  difficultly  soluble  mass.  The  addition  of 
cold  water  to  the  highly  heated  fused  mass  causes  the  sudden  evolu- 
tion of  steam,  with  a  sputtering  which  may  be  dangerous  when  manu- 
facturing caramel;  hence  to  insure  perfect  results,  to  the  caramelized 
sugar  at  the  proper  stage  should  be  added  boiling  water  and  not  cold 
water. 

In  making  sugar  by  the  open  kettle  process  there  is  obtained  a 
large  amount  of  brown  mother  liquor,  and  this  contains  a  quantity 
of  sugar  in  uncrystallized  form,  and  the  concentrated  product  is 
called  molasses.  In  the  modern  manufacture  of  sugar  the  aim  is  to 
make  as  large  an  amount  of  sugar  as  possible,  and  therefore  results 
in  a  corresponding  loss  in  the  yield  of  molasses.  In  the  vacuum  pan 
sugar-making  the  amount  of  molasses  produced  is  very  small,  and 
even  from. this  the  sugar  is  extracted  by  treatment  with  strontium 
salts  (which  forms  soluble  strontium  saccharate),  from  which  the 
sugar  can  be  eventually  isolated  in  crystalline  form. 

Sugar,  U.  S.  P.,  is  a  white,  crystalline  solid,  of  specific  gravity 
1.345,  and  soluble  in  0.5  part  of  cold  water,  and  sparingly  soluble  in 
alcohol.  When  treated  with  concentrated  sulphuric  acid  the  water 
is  extracted,  leaving  carbon  behind;  in  other  words,  sulphuric  acid 
carbonizes  sugar.  Its  saturated  aqueous  solution  forms  syrup, 
U.  S.  P.  Sugar  is  chiefly  used  as  a  sweetener,  possessing  in  this  way 
decided  nutritive  properties. 

SACCHARUM  LACTIS.     Sugar  of  Milk. 

C12H22OU  +  HjO  =  357.48 

A  peculiar  crystalline  sugar  obtained  from  the  whey  of  cows'  milk  by  evaporation 
and  purified  by  recrystallization. 

White,  hard,  crystalline  masses,  or  a  white  powder  feeling  gritty  on  the  tongue, 
odorless,  and  having  a  faintly  sweet  taste.  Permanent  in  the  air.  On  incinerating 
a  portion,  the  percentage  of  ash  remaining  should  not  exceed  0.25  per  cent. 

Soluble  in  4.79  parts  of  water  at  25°  C.  (77°  F.)  and  in  1  part  of  boiling  water; 
insoluble  in  absolute  alcohol,  ether,  or  chloroform. 

An  aqueous  solution  of  Sugar  of  Milk  is  neutral  to  litmus-paper  and  is  dextro- 
gyrate. 

On  adding  5  Cc.  of  a  hot,  saturated  aqueous  solution  of  Sugar  of  Milk,  an  equal 
volume  of  sodium  hydroxide  T.S.,  and  gently  warming,  the  liquid  will  turn  yellow 
and  finally  brownish-red.  On  the  further  addition  of  a  few  drops  of  cupric  sulphate 
T.S.,  a  brick-red  precipitate  will  appear. 

If  about  1  Gm.  of  powdered  Sugar  of  Milk  be  sprinkled  upon  about  5  Cc.  of  cold 
sulphuric  acid  (sp.  gr.  1.84)  contained  in  a  flat-bottomed  dish  and  covered  with  a 
watch-glass,  the  acid  may  acquire  a  greenish  or  reddish,  but  no  brown  or  brownish- 
black  color  within  half  an  hour  (absence  of  cane-sugar). 

An  aqueous  solution  of  Sugar  of  Milk  (1  in  10)  mixed  with  a  few  drops  of  hydro- 
chloric acid  should  not  respond  to  the  Time-Limit  Test  for  heavy  metals  (see  p.  979). 

If  1  Gm.  of  powdered  Sugar  of  Milk  be  boiled  for  five  minutes  with  50  Cc.  of  dis- 
tilled water  and  the  solution  cooled,  no  blue  coloration  should  be  produced  upon  the 
addition  of  one  drop  of  iodine  T.S.  (absence  of  starch). 

Tests  for  Identity. — Given  above. 

Impurities. — Cane-sugar,  heavy  metals,  starch.     Details  above. 

Milk-sugar  is  that  form  of  biose  chemically  called  lactose,  and  is  a 
normal  constituent  of  milk.  Up  to  very  recent  years  practically  all 
milk-sugar  was  made  in  Switzerland,  as,  in  the  United  States,  the  whey 
after  cheese  manufacture  was  used  to  feed  cattle.     At  present,  how- 
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ever,  much  sugar  of  milk  is  made  in  this  country,  most  of  it  being  pro- 
duced in  New  York  State. 

Milk-sugar  is  made  in  Switzerland  by  simple  concentration  of  whey 
in  open  kettles  and  then  crystallizing  on  sticks.  In  this  country  the 
whey  is  evaporated  in  vacuo,  and  the  moist  granular  mass  dried  in 
a  centrifugal  machine. 

Milk-sugar  appears  either  in  hard  white  crystals  or  in  fine  white 
powder,  with  a  taste  not  so  sweet  as  that  of  cane-sugar.  As  mentioned 
above,  it  directly  reduces  Fehling's  solution,  while  cane-sugar  has  no 
action  on  Fehling's  solution  until  hydrolyzed.  Another  point  of 
chemical  distinction  between  the  two  products  is  shown  in  the  test 
of  the  pharmacopoeia,  namely,  that  milk-sugar  when  sprinkled  upon 
concentrated  sulphuric  acid  should  not  blacken  the  same;  if  it  did, 
the  presence  of  cane-sugar  is  indicated.  In  carrying  out  this  test 
great  care  should  be  exerted  to  use  nothing  but  the  pure  powdered 
rnilk-sugar.  If  fragments  of  the  stick  or  string  on  which  it  crystal- 
lized were  present,  such  would  produce  a  brown  color  with  the  acid. 

Maltose  is  the  sugar  which  is  found  in  official  malt.  Malt  is  made 
from  barley  by  placing  same  in  a  warm,  moist,  light  place,  and  when 
the  seeds  begin  to  sprout,  they  are  heated  sufficiently  to  destroy  the 
life  of  the  young  plants.  The  sprouting  of  a  seed  means  the  gradual 
development  of  embryo  found  therein,  and  during  the  first  stages  of 
its  development  the  starch  which  is  stored  up  in  the  seed  serves  for 
its  food  until  there  is  developed  a  sufficient  number  of  leaves  to  generate 
its  own  food  from  the  carbon  dioxide  of  the  air.  The  starch  which 
is  found  in  the  seed  has  to  be  converted  into  soluble  forms  before  it 
can  be  assimilated  by  the  embryo,  and  in  the  case  of  barley,  it  is  con- 
verted into  maltose  by  the  action  of  the  ferment  diastase  naturally 
residing  in  the  seed.  In  manufacturing  malt  from  barley  the  latter 
is  allowed  to  grow  until  practically  all  the  starch  has  been  converted 
into  maltose  by  the  diastase.  Maltose  is  of  interest  only  as  the  sugar 
constituent  of  extract  of  malt  (which  see). 

CARBOHYDRATES  HAVING  THE  BASIC  FORMULA 

(CoHi„0,) 

These  furnish  several  well-known  products,  both  cellulose  and  starch  being 
examples.  Both  these  bodies,  however,  are  more  complicated  than  the  simple 
formula  given  above,  and  their  composition  is  usually  expressed  by  (CgHioOj)!. 
According  to  the  investigation  of  Tollens,  the  x  in  the  case  of  starch  is  4,  while  it  is 
assumed  that  the  real  formula  of  cellulose  is  (CbHioOs)^.  Green  and  Perkin  say 
that  the  graphic  formula  of  cellulose  is — 

CHOH— CH— CHOH 

>> 

HOH— CH— CH3 

Cellulose  is  so  called  because  it  represents  the  coating  of  the  cell. 
Cells  consist  primarily  of  a  semiliquid  portion  called  the  protoplasm 
and  nucleus  surrounded  by  a  cell-wall,  and  this  cell-wall,  when  in  a 
state  of  the  greatest  purity,  consists  of  pure  cellulose.  A  striking 
illustration  of  pure  cellulose  in  the  form  of  cell-wall  is  found  in  the 
official  cotton,  which  consists  of  the  hairs  of  the  seed  of  Gossypium 
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herbaceum.  In  this  case  each  hair  consists  of  a  single  emptied  cell, 
hence  it  is  nothing  but  a  cell-wall,  and  this,  on  chemical  analysis,  is 
shown  to  be  pure  cellulose. 

Cotton  consists  of  long  filaments,  insoluble  in  water,  alcohol,  and 
ether,  but  soluble  in  ammoniacal  solution  of  copper  oxide  (not  am- 
moniacal  solution  of  copper  sulphate,  as  mentioned  in  so  many  books). 
Cotton  is  used  solely  for  mechanical  purposes,  and  is  of  great  value 
in  pharmacy  for  such  operations  as  filtering  and  straining,  and  in 
surgery  as  a  dressing.  The  general  use  of  cotton  in  the  form  of  cloth 
is  too  well  known  to  need  remark. 

GOSSYPIUM   PURIFICATUM.     Purified  Cotton. 

The  hairs  of  the  seed  of  Gossypium  herbaceum  Linn6,  or  of  other  cultivated 
species  of  Gossypium  (Fam.  Malvaceae),  freed  from  adhering  impurities  and  deprived 
of  fatty  matter. 

White,  soft,  fine  filaments,  appearing  under  the  microscope  as  hollow,  flattened 
and  twisted  bands,  spirally  striate,  and  slightly  thickened  at  the  edges;  inodorous 
and  tasteless;  insoluble  in  ordinary  solvents,  but  soluble  in  an  ammoniacal  solution 
of  cupric  oxide. 

When  Purified  Cotton,  previously  compressed  in  the  hand,  is  thrown  on  the  sur- 
face of  cold  water,  it  should  readily  absorb  the  latter  and  sink,  and  the  water  should 
not  acquire  either  an  acid  or  an  alkaline  reaction  (evidence  of  proper  purification 
and  absence  of  fatty  matter). 

Purified  Cotton  should  be  perfectly  free  from  all  visible  impurities,  and  on  com- 
bustion should  not  leave  more  than  0.3  per  cent,  of  ash. 

Tests  for  Identity. — Given  above. 

Impurities. — Impure  cotton,  fatty  matter.     Details  above. 

Remarks. — This  represents  raw  cotton  freed  from  fat  by  boiling 
in  a  very  dilute  alkaline  solution,  and  washing  very  thoroughly  with 
water  the  first  portion  of  which  has  been  acidulated.  It  is  commonly 
called  absorbent  cotton. 

Raw  cotton  floats  when  placed  in  water,  because  each  filament  is 
coated  with  a  layer  of  oil,  rendering  the  cellulose  impervious  to  water, 
which  cannot,  therefore,  displace  the  air  in  the  lumen  (the  cavity) 
of  the  cell.  In  this  way  each  filament  of  raw  cotton  is  buoyed  up  by 
the  air  within  its  lumen.  Absorbent  cotton  is  this  raw  cotton  freed 
from  its  oily  covering.  Water  is,  therefore,  able  to  penetrate  the  cel- 
lulose and  thus  displace  the  air  in  the  lumen.  The  cellulose  itself 
being  heavier  than  water,  the  water-filled  filament  sinks;  hence  a 
pledget  of  absorbent  cotton  placed  upon  water  immediately  falls  to 
the  bottom  of  the  vessel  (see  test  given  above). 

Purified  cotton  is  used  as  a  surgical  dressing  and  as  a  filtering 
medium. 

Linen,  the  fibers  of  stem  of  the  flax,  and  silk,  the  fibers  of  the  cocoon  of  the  silk- 
worm, are  modifications  of  cellulose. 

Paper  originally  represented  a  special  form  of  shredded  linen  or 
cotton.  The  details  of  the  manufacture  of  paper  are  beyond  the  scope 
of  this  book,  but  suffice  it  to  say  that  the  mass  of  shreds,  when  rolled 
out  into  paper,  forms  an  absorbent  sheet  known  as  filter-  or  blotting- 
paper,  according  to  its  thickness.  Writing  paper  represents  this  ab- 
sorbent paper,  which  has  been  coated  with  a  layer  of  some  substance 
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which  ink  will  not  penetrate,  such  as  a  combination  of  glue  with  al- 
bumin, resin,  or  casein.  Most  paper  now  used  in  printing  is,  however, 
made  from  wood-fiber. 

If  cotton  or  linen  paper  is  rapidly  passed  through  50  per  cent, 
sulphuric  acid,  the  outer  layer  of  cells  becomes  converted  into  a  modi- 
fication (amyloid),  forming  the  well-known  product  called  parchment 
paper.  If  the  paper  is  allowed  to  remain  long  in  contact  with  sul- 
phuric acid,  it  is  converted  into  dextrin,  which  will  dissolve  in  the  acid. 
The  same  is  true  of  absorbent  cotton;  it  dissolves  in  concentrated 
sulphuric  acid,  but  the  solution  in  this  case  is  different  than  is  the 
solution  of  the  cotton  in  ammoniacal  copper  oxide,  because  in  the 
acid  it  dissolves  not  as  cellulose,  but  as  dextrin,  whereas  the  copper 
solution  is  simply  a  solution  of  the  cellulose  from  which  the  cotton  can 
be  redeemed  by  evaporation. 

Cotton  or  cellulose,  like  glucose  and  the  sugars,  is  an  alcohol,  as 
is  proved  by  the  fact  that  when  treated  with  a  mixture  of  nitric  acid 
and  sulphuric  acid  it  is  converted  into  the  ester,  nitrocellulose.  Several 
forms  of  nitrocellulose  are  known,  these  being  grouped  into  two 
classes — the  first,  true  pyroxylins,  and  the  colloxylins. 

The  first,  which  is  the  true  gun-cotton,  was  discovered  by  Schoen- 
bein  in  1864,  and  has  the  formula  Ci2Hi4(ON02)604,  which,  it  will  be 
noticed,  contains  six  nitro-groups. 

The  second  series,  the  colloxylins,  are  respectively: 

C„H,,(0N0,),05, 
Ci,H„(ONO,),0„ 
Ci,H„(0N0,)30„ 

containing  five,  four,  and  three  nitro-groups.  The  true  pyroxylin 
mentioned  above  is  insoluble  in  a  mixture  of  alcohol  and  ether,  whereas 
the  three  colloxylins  are  soluble  in  a  mixture  of  alcohol  and  ether. 

PYROXYLINUM.     Pyroxylin. 

A  product  obtained  by  the  action  of  nitric  and  sulphuric  acids  on  cotton,  and 
consisting  chiefly  of  cellulose  tetranitrate  [Ci2Hig(ON02)408].  It  should  be  kept  in 
cartons,  protected  from  light. 

A  yellowish-white,  matted  mass  of  filaments,  resembling  raw  cotton  in  appear- 
ance, harsh  to  the  touch;  exceedingly  inflammable,  burning,  when  unconfined,  very 
rapidly  with  a  luminous  flame;  less  explosive  than  cellulose  trinitrate. 

Slowly  but  completely  soluble  in  25  parts  of  a  mixture  of  3  volumes  of  ether  and 
1  volume  of  alcohol.  Soluble  in  acetone  and  in  glacial  acetic  acid,  and  precipitated 
from  these  solutions  on  addition  of  water. 

It  should  leave  no  weighable  residue  of  mineral  impurity  when  ignited. 

When  kept  in  well-closed  bottles  and  exposed  to  the  light,  it  is  decomposed  with 
the  evolution  of  nitrous  vapors,  a  carbonaceous  mass  being  deposited. 

Pyroxylin  consists  of  a  mixture  of  the  three  colloxylins  (chiefly 
the  tetranitrate)  given  above,  and  is  made,  as  mentioned  above,  by 
immersing  cotton  in  a  mixture  of  nitric  acid  and  sulphuric  acid.  An 
interesting  fact  in  the  manufacture  worth  pointing  out  is  that  the 
macerating  cotton  should  be  carefully  covered,  as  it  has  been  noticed 
that  if  a  mixture  is  allowed  to  stand  in  a  dish,  particles  of  dust  and  the 
like  are  apt  to  start  a  new  reaction  in  the  mixture,  with  the  ultimate 
formation  of  dextrin  and  complete  solution  of  the  pyroxylin. 
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The  manufacture  of  pyroxylin  is  simple,  but  the  freeing  of  the 
cotton  from  acid  is  tedious,  and  usually  takes  a  large  quantity  of  water 
for  the  purpose.  If  pyroxylin  is  not  freed  from  acid,  it  will  assume 
a  brown  tint  and  decompose.  The  same  decomposition  occurs  if  py- 
roxylin is  kept  in  well-stoppered  bottles,  hence  the  pharmacopoeia 
directs  that  it  be  kept  in  cartons. 

The  pyroxylin  of  the  pharmacopceia  has  an  appearance  similar  to 
that  of  cotton,  but  possesses  a  harsh  feel,  rather  than  the  softness  of 
the  pure  cotton.  It  should  be  completly  soluble  in  a  mixture  of  1  part 
alcohol  and  3  parts  ether,  and  this  solution,  containing  3  per  cent, 
of  gun-cotton,  is  official  under  the  name  collodion  (p.  209). 

Gun-cotton  is  one  of  the  most  inflammable  of  substances,  portions 
brought  in  contact  with  a  flame  instantly  igniting  with  a  very  brilliant 
light,  and  leaving  no  trace  of  ash  behind.  Its  great  inflammability 
makes  it  a  rather  dangerous  product  to  have  around,  and,  therefore, 
it  should  be  handled  with  the  utmost  caution  and  kept  remote  from 
heat  or  fire.  If  gun-cotton  be  heated  in  a  confined  space,  the  same 
decomposition  occurs  with  explosive  violence,  and  it  is,  therefore, 
used  as  an  explosive. 

Its  action,  however,  is  too  uncertain  to  make  it  safe  for  this  pur- 
pose; hence  nitroglycerin  is  preferred  for  blasting  rather  than  gun- 
cotton. 

A  mixture  of  pyroxylin  with  camphor,  whitened  with  zinc  oxide, 
and  made  pliable  with  castor  oil,  forms  the  well-known  commodity 
celluloid.  This  possesses  the  same  inflammability  as  pyroxylin,  and, 
therefore,  its  use  in  various  articles  of  apparel,  such  as  combs,  is  not 
to  be  recommended. 

Wood  is  cellulose  which  has  become  impregnated  with  other  sub- 
stances, the  chief  of  which  is  presumably  a  nitroso-combination  of  an 
insoluble  proteid.  The  botanic  side  of  wood  has  been  considered  on 
p.  691,  and  it  needs,  therefore,  to  be  discussed  at  this  place  only  as  a 
chemical.  Of  late  years  the  demand  for  cheap  paper  has  led  to  the  use 
of  wood  for  the  manufacture  of  paper  instead  of  linen  and  cotton.  Such 
paper  is  by  no  means  as  durable  as  that  from  pure  cellulose,  and  it  is 
often  convenient  to  be  able  to  decide  whether  a  given  sample  of  paper 
contains  wood-fiber.  This  is  very  beautifully  determined  by  pouring 
on  the  suspected  paper  a  solution  of  aniline  acetate. 

If  the  paper  is  pure  cellulose,  no  change  of  color  will  be  produced, 
but  with  a  slight  amount  of  wood-fiber  the  reagent  will  form  a  bril- 
liant yellow.  If  paper  is  treated  with  a  solution  of  phloroglucin,  fol- 
lowed by  a  few  drops  of  concentrated  hydrochloric  acid,  a  bright  red 
stain  results  if  wood-fiber  is  present. 

Starches  represent  bodies  having  the  formula  (CeHjoOs)^.  They 
are  formed  in  the  leaves  of  plants  from  carbon  dioxide  and  water, 
under  the  influence  of  chlorophyl,  as  already  explained  on  p.  647, 
and  represent  the  great  plant  reserve  stuff. 

During  the  time  it  is  in  leaf  the  plant  manufactures  starch,  which 
is  then  stored  up  as  nourishment  for  the  young  shoots  of  the  following 
spring.  While  starch  is  formed  in  the  leaves  of  plants,  as  these  leaves 
are  shed  by  the  plant  in  the  winter  it  is  necessary  that  starch  be  stored 
in  some  other  organ  during  that  period;  hence  the  starch  formed  in  the 
leaves  is  transported  to  the  organs  in  which  it  will  be  reserved  (very 
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frequently  the  roots  or  rhizome),  where  it  is  changed  back  into  starch. 
Likewise  in  the  spring,  the  stored  matter  is  converted  once  more  into 
sugar,  which  passes  in  solution  up  to  the  growing  part  of  the  plant. 
This  solution  is  known  as  "sap,"  and  commercial  advantage  is  taken 
of  the  sugar  contents  of  sap  in  the  preparation  of  maple-sugar. 

Starch  is  found  in  various  parts  of  the  plant,  in  particles  called 
starch-granules.  The  appearance  of  these  granules  is  characteristic 
for  the  different  varieties  of  starch,  and  some  are  shown  in  Fig.  225. 

The  starches  are  usually  soluble  in  cold  water,  and  on  being  treated 
with  hot  water  swell  into  a  paste,  which  is  more  or  less  soluble  in  water. 
The  test  for  starch  is  that  the  addition  of  a  drop  of  iodine  to  starch 
paste  turns  it  blue,  and  if  too  much  iodine  is  added,  it  becomes  black. 

As  mentioned  above,  starch  is  converted  by  the  ferment  diastase 
into  maltose  (p.  699),  while  the  same  starch  treated  with  sulphuric 
acid  is  converted  into  glucose. 


ez.(^^ 


Fig.  225. — Microscopic  appearance  of  different  starches  (uniform  magnitude)  (Noel): 
1,  Arrowroot;  2,  raw  tapioca;  3,  tapioca. 

The  most  abundant  starch  is  that  from  potato,  from  which  it  is 
extracted  by  a  very  simple  process,  grated  potato  being  poured  into 
troughs  over  which  water  is  allowed  to  run,  the  water  dissolving  out 
the  albuminates  and  other  soluble  principles,  while  the  starch  settles 
in  the  bottom  of  the  trough  in  which  it  is  collected.  This  potato 
starch  is  the  well-known  starch  used  in  laundries,  the  starch  for  food 
or  medicine  being  obtained  either  from  corn  or  wheat. 

AMYLUM.     Starch.     Corn  Starch. 

The  starch  crains  obtained  from  the  fruit  of  Zea  Mays  Linn6  (Fam.  Gramineoe). 

In  fine  powder  or  irregular,  angular  white  masses,  consisting  of  somewhat  spher- 
ical, but  usually  polygonal  grains,  about  0.010  to  0.025  Mm.  in  diameter,  with  a  lentic- 
ular, circular,  or  triangular  central  fissure;  inodorous  and  tasteless;  insoluble  in  cold 
water  or  alcohol;  forming  a  whitish  jelly  when  boiled  with  water,  which  when  cool 
gives  a  deep  blue  color  with  iodine  T.S.;  triturated  with  cold  water,  showing  neither 
acid  nor  alkaline  reaction  with  litmus-paper;  when  completely  incinerated,  leaving 
not  more  than  1  per  cent,  of  ash. 

When  freed  from  water  by  careful  drying  in  a  current  of  warm  air,  Starch  should 
show  not  less  than  95  per  cent,  of  hydrolyzable  carbohydrate. 

The  official  starch  is  that  from  corn.  As  seen  in  the  picture, 
starch-granules  from  the  same  source  are  similarly  marked,  having 
more  or  less  well-defined  concentric  rings  radiating  from  a  central 
spot  called  the  hilum. 

Starch  Modifications. — Lichenin  is  a  variety  of  starch  found  in 
Irish  moss.     It  does  not  turn  iodine  blue. 
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Inulin  is  a  starch  modification  found  in  roots  of  the  natural  order 
Compositse.  It  differs  from  starch  in  being  soluble  in  water,  from 
which  it  separates  in  crystalline  form  and  turns  iodine  yellow  instead 
of  blue. 

Glycogen  is  a  starch  modification  which  is  of  interest  only  because 
of  its  animal  origin,  being  found  in  the  liver. 

GUMMY  SUBSTANCES 

Gums  have  a  composition  similar  to  starch.  They  differ  from 
starch  in  being  either  soluble  in  cold  water  or  swelling  to  a  jelly  therein, 
and  in  being  precipitated  from  aqueous  solution  by  alcohol.  On  oxi- 
dation with  nitric  acid  they  yield  mucic  acid,  while  starch  on  oxidation 
with  nitric  acid  yields  dextrin. 

Among  the  gummy  principles  of  pharmaceutic  importance  are  the 
following: 

Dextrin,  made  by  oxidation  of  starch  with  nitric  acid,  this  being 
the  commercial  method  of  manufacture. 

It  is  also  produced  by  simply  heating  starch,  and  it  is  of  passing 
interest  to  note  that  the  polish  we  see  on  the  outer  surface  of  a  loaf  of 
bread  is  due  to  the  dextrinization  of  the  starch  of  the  flour,  and  to  the 
same  cause  is  due  the  high  polish  acquired  by  ironing  well-starched 
linen. 

Dextrin  is  a  whitish-yellow  body,  dissolving  in  water  to  form 
mucilage,  for  which  purpose  it  is  chiefly  employed.  On  account  of  the 
high  price  of  gum  arable,  dextrin  has  been  suggested  as  an  emulsifier 
in  making  cod-liver  oil,  and,  in  fact,  a  recipe  for  making  an  emulsion 
with  dextrin  can  be  found  in  the  National  Formulary.  Such  emulsions 
have  never  yielded  satisfactory  results  in  the  writer's  experience. 

Arabic  Acid. — This  is  the  active  principle  of  acacia,  where  it  is 
found  as  the  calcium  salt  (arabin).  On  hydrolysis  it  yields  glucose  and 
arabinose,  the  latter  a  carbohydrate  having  the  formula  C5H10O5. 

Bassorin  is  the  chief  constituent  of  gum  tragacanth.  It  differs 
from  dextrin  in  the  fact  that  it  does  not  dissolve  in  cold  water,  but 
simply  swells  to  form  mucilage. 

Cerasin,  or  fruit-gum,  is  the  well-known  exudation  from  peach  and 
plum  trees.     It  is  insoluble  in  water,  but  dissolves  in  alkali. 

Pectins  are  acid  combinations  of  carbohydrates.  They  are  found 
in  various  vegetable  juices,  and  under  the  influence  of  a  ferment, 
pectase,  they  coagulate.  This  explains  the  manufacture  of  jellies 
from  fruit-juices,  and  also  explains  why  preparations  of  some  drugs, 
notably  senega,  gelatinize.  Bertrand  and  Mall^vre  found  that  cal- 
cium, or  one  of  the  other  alkaline  earths,  is  necessary  to  produce 
gelatinization,  proving  that  the  coagulated  mass  is  the  calcium  salt 
of  pectic  acid,  and  not  pectic  acid  itself. 

SACCHARINE   DRUGS 

MANNA.     Manna. 
The  concrete  saccharine  exudation  oi  Fraxinus  Ornus  Linn6  (Fam.  Oleacece). 

Constituents. — Mannite,  sugar,  dextrin.     Fraxin,  C^^^^^O^q. 
Remarks. — Manna  exudes  from  the  trunk  of  the  manna  ash  during 
the  heat  of  the  day,  solidifying  in  the  chill  evening  air.     The  pharma- 
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copoeia  directs  the  use  of  what  is  commercially  called  "large-flake  ' 
or  "small-flake"  manna,  "sorts"  manna  being  rejected.  A  favorite 
method  of  administration  is  as  "senna,  manna,  and  salts"  (compound 
infusion  of  senna,  p.  215). 

Medical  Properties. — Laxative. 

Dose. — 16  Gm.  (240  grains). 

MALTUM.     Malt. 

The  grain  of  barley,  Hordeum  distichon  Linn6  (Fam.  Graminece),  partially  germi- 
nated artificially,  and  then  dried. 

Constituents. — Maltose  and  diastase. 

Remarks. — Malt  is  barley-seed  permitted  to  begin  to  sprout  when 
the  insoluble  starch  is  converted  by  the  ferment  diastase  into  soluble 
sugar  (maltose),  that  it  can  be  of  service  in  feeding  the  young  plant. 
So  soon  as  this  conversion  is  accomplished  the  plant  life  is  destroyed 
by  heating  to  70°  C.  Malt  is  official  merely  because  used  for  making 
the  official  extract  of  malt  (p.  285). 

MEL.     Honey. 

A  saccharine  secretion  deposited  in  the  honeycomb  by  the  bee,  Apis  mellifera 
Linn6. 

A  syrupy  liquid  of  a  light  yellowish  to  yellowish-brown  color,  translucent  when 
fresh,  but  gradually  becoming  opaque  and  crystalline,  having  a  characteristic, 
aromatic  odor,  and  a  sweet,  faintly  acrid  taste. 

When  recent  Honey  is  diluted  with  twice  its  weight  of  water,  the  resulting  liquid 
should  be  almost  clear,  not  stringy,  and  should  have  a  specific  gravity  not  lower  than 
1.099  (corresponding  to  a  specific  gravitv  of  1.370  for  the  original  Honey). 

When  Honey  is  incinerated  in  small  portions  at  a  time  in  a  platinum  crucible, 
it  should  not  leave  more  than  0.3  per  cent,  of  ash. 

Honey  has  a  faintly  acid  reaction  upon  litmus-paper  and  is  laevogyrate. 

If  2  Cfc.  of  a  filtered  solution  of  the  Honey  (1  in  4)  be  placed  in  a  test-tube  1  Cm. 
in  diameter,  and  1  Cc.  of  absolute  alcohol  be  allowed  to  flow  down  the  walls  of  the 
tube  held  in  an  inchned  position,  so  as  to  form  an  overlying  layer,  this  should  remain 
clear,  and  the  line  of  contact  should  not  show  more  than  barely  noticeable  opalescence, 
which  soon  disappears;  a  permanent  milky  zone  should  not  oe  produced  (absence  of 
starch  sugar). 

If  2  Cc.  of  pure  concentrated  sulphuric  acid  be  placed  in  a  test-tube  of  1  Cm. 
diameter,  and  0.5  Cc.  of  a  solution  of  Honey  (1  in  4)  be  allowed  to  flow  upon  it  so  as 
to  form  a  distinct  upper  layer,  no  colored  line  of  contact  should  show  at  once,  and  at 
the  end  of  one  hour  the  zone  of  contact  should  be  at  most  yellowish  or  clear  brown; 
a  brownish  color  becoming  nearly  black  at  the  end  of  half  an  hour  should  not  develop 
(absence  of  cane-sugar). 

On  boiling  1  part  of  Honey  with  5  parts  of  water,  the  resulting  solution,  when 
cold,  should  not  be  rendered  blue  or  green  on  the  addition  of  iodine  T.S.  (absence 
of  starch). 

Tests  for  Identity. — Given  above. 

Impurities. — Starch-sugar,  cane-sugar,  and  starch.  Details  above. 
Chlorides  and  sulphates.     Details  in  Part  V. 

Constituents. — Dextrose,  levulose,  traces  of  cane-sugar,  and  dextrin, 
particles  of  wax. 

Remarks. — Honey  usually  represents  the  nectar  extracted  from 
flowers  by  the  bee  and  stored  in  the  honeycomb  for  food  purposes. 

That  the  bee  is  able  to  produce  a  chemical  change  in  the  nectar  in 
transferring  it  from  the  flower  to  the  comb  is  shown  by  the  ability  of 
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captive  bees  to  convert  dextrogyrate  sugar  to  levogyrate  honey.  The 
tests  for  honey  given  above  are  important,  as  commercial  honey  is  no- 
toriously adulterated  with  artificial  glucose  (starch  sugar).  The  barium 
chloride  test  has  a  bearing  on  this  point,  since  most  commercial  glucose 
contains  traces  of  sulphates  from  the  sulphuric  acid  used  in  producing 
it  from  starch. 

For  clarified  honey,  U.  S.  P.,  see  p.  203. 

Medical  Properties. — Practically  none,  save  as  a  pharmaceutic 
vehicle  and  as  an  excipient. 

Dose. — 4  Cc.  (1  fluidrachm). 

PRUNUM.     Prune. 

The  partly  dried  ripe  ruit  of  Prunus  domestica  Liim6  (Fam.  Rosacece). 

Constituents. — Sugar,  malic  acid,  pectin. 

Medical  Properties. — Laxative,  nutritive.  Official  only  because 
an  ingredient  of  confection  of  senna. 

CASSIA  FISTJJLA.     Cassia  Fistula. 

The  dried  fruit  of  Cassia  Fistula  Linne  (Fam.  Leguminoseoe). 

Constituents. — The  pulp  consists  of  sugar,  gum,  pectin 
Remarks. — This  long  pod,  called  "purging  cassia,"  is  official  be- 
cause it  is  an  ingredient  of  confection  of  senna. 
Medical  Properties. — Laxative. 
Dose. — 4  Gm.  (60  grains). 

FICUS.     Fig. 

The  partially  dried  fruit  oi  Ficiis  Carica  Linne  (Fam.  Moraceoe). 

Constituents. — Sugar,  gum. 

Remarks. — Of  the  fig,  the  only  true  fruit  part  is  the  tiny  seed 
"seeds"  (or  achenes).  The  so-called  fruit  is  the  basis  (receptacle), 
upon  the  hollow  interior  surface  of  which  rest  the  separate  minute 
flowers  and  the  fruit  produced  therefrom.  Such  fruit  is  called  a 
syconium. 

Medical  Properties. — Demulcent,  laxative,  and  nutritive.  Official 
because  a  constituent  of  confection  of  senna. 

TRITICUM.     Triticum. 

The  dried  rhizome  of  Agropyron  repens  (Linne)  Beauvois  (Fam.  Graminece), 
gathered  in  the  spring. 

Constituents. — Levulose,  triticin,  malates,  mucilage. 

Remarks. — This  drug  is  known  as  couch  grass  and  quick  grass. 
It  has  already  been  discussed  as  yielding  a  fluidextract  made  with 
aqueous  menstruum  (p.  252). 

Medical  Properties. — Diuretic. 

Dose.— 8  Gm.  (120  grains). 
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MUCILAGINOUS  DRUGS 

A  mucilaginous  drug  is  one  containing  one  of  the  gums,  discussed 
from  the  chemical  standpoint  on  p.  704.  To  what  is  there  stated 
need  only  be  added  the  warning  that  many  substances  commonly 
called  "gums"  are  not  true  gums,  in  the  modern  pharmaceutic  sense. 
Thus  "gum  elastic"  (or  rubber)  and  "chicle  gum"  (the  basis  of  modern 
chewing-gum)  are  dried  milk-juices;  "gum  asafetida"  (p.  856)  and 
"gum  myrrh"  (p.  857)  are  gum  resins;  "gum  camphor"  (p.  810)  is 
the  solid  part  of  a  volatile  oil;  "gum  turpentine"  (p.  845)  is  an  oleo- 
resin;  "gum  tolu"  (p.  850)  is  a  balsam;  "gum  mastic"  (p.  853)  and 
"gum  benzoin"  (p.  855)  are  resins,  and  so  on. 

What  these  substances — milk-juices,  gum  resins,  oleoresins, 
balsams,  etc. — really  are  will  be  explained  in  the  appropriate  place, 
and  here  let  it  be  said  that  a  true  gum  is  a  carbohydrate  derivative, 
more  or  less  soluble  in  water  (forming  an  adhesive  solution  or  paste) 
and  insoluble  in  alcohol. 

ALTHiEA.     Althaea. 

The  dried  root  of  Althaea  ofjicincdis  Linn6  (Fam.  Malvaceai),  collected  from  plants 
of  the  second  year's  growth,  and  deprived  of  the  periderm. 

Constituents. — Mucilage,  asparagin  (p.  684),  starch,  sugar,  pectin. 

Remarks. — The  "periderm"  referred  to  in  the  official  definition 
is  the  outer  coating — the  so-called  "peel"  or  "bark."  The  drug  is 
commonly  called  "  marshmallow  root,"  and  it  might  be  said,  in  passing, 
that  the  confection,  "marshmallow  drops,"  originally  contained  this 
drug.  Now  it  is  innocent  of  such  admixture,  being  made  from  sugar 
and  gum  dusted  with  cornstarch.  Powdered  althaea  is  a  valuable 
absorbent  medium  for  making  pills  from  liquids. 

Medical  Properties. — Demulcent,  usually  in  the  form  of  syrup 
(syrupus  althaese,  U.  S.  P.  1890,  p.  193). 

ULMUS.     Elm. 

The  dried  bark  of  Ulmus  ftdva  Michaux  (Fam.  UlmacecB),  deprived  of  its  peri- 
derm. 

Constituents. — Mucilage,  trace  of  tannin,  and  only  a  very  little 
starch. 

Remarks. — Ulmus  or  slippery-elm  bark  is  the  inner  bark  of  the  special 
kind  of  elm  tree,  the  periderm  or  corky  bark  having  been  removed. 

Medical  Properties. — Demulcent  and  emollient.  The  mucilage 
(mucilago  ulmi,  p.  189)  is  used  as  a  basis  of  domestic  cough  remedies, 
while  the  ground  bark  is  used  as  a  soothing  poultice. 

SASSAFRAS  MEDULLA.     Sassafras  Pith. 

The  dried  pith  of  Sassafras  variifolium  (Salisbury)  O.  Kuntze  (Syn.  Sassafras 
Sassafras  (Linn6)  Karsten)  (Fam.  Lauracece). 

Constituents. — Mucilage  which  is  not  precipitated  from  aqueous 
solution  by  alcohol. 

Medical  Properties. — Demulcent.  The  infusion  (infusum  sassafras 
meduUae,  U.  S.  P.  1890)  is  used  as  a  soothing  basis  for  eye  lotions. 
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ACACIA.     Acacia. 

A  gummy  exudation  from  Acacia  Senegal  Willdenow,  and  other  species  of 
Acacia  (Fam.  Leguminosce) . 

Constituents. — Arabin,  a  levogyre  gum,  chiefly  calcium  salt  of 
arable  acid,  which  hydrolyzes  to  arabinose,  CjHjoOg;  also  a  dextrogyre 
gum  which  hydrolyzes  to  glucose. 

Remarks. — Acacia  is  precipitated  from  solution  by  lead  subacetate, 
ferric  chloride,  and  saturated  solution  of  borax;  hence  these  substances 
should  not  be  prescribed  with  mucilage  of  acacia;  alcohol  also  precipi- 
tated the  mucilage. 

Medical  Properties. — Demulcent.  It  is  the  most  important  phar- 
maceutic adhesive  agent,  and  is  employed  for  this  purpose  in  emulsions. 
Official  preparations:  Syrup  of  acacia  (p.  192)  and  mucilage  of  acacia 
(p.  188). 

TRAGACANTHA.     Tragacanth. 

A  gummy  exudation  from  Astragalus  gummifer  LabillardiSre,  or  from  other 
species  of  Astragalus  (Fam.  Leguminosce). 

Constituents. — Water-soluble  gum,  similar  to  arabin.  Bassorin, 
CijHjoOig,  which  does  not  dissolve  in  water,  but  simply  swells  therein, 
making  a  jelly. 

Remarks. — Tragacanth  differs  from  acacia  in  swelling  to  a  jelly, 
when  mixed  with  water,  instead  of  dissolving  therein,  as  does  acacia. 
The  official  mucilage  (mucilago  tragacanthse,  p.  189)  is  largely  used 
as  a  basis  for  jellies  for  chapped  hands.  It  is  also  an  excellent  pill 
excipient. 

Medical  Properties. — Demulcent. 

CHONDRUS.     Chondrus. 

The  dried  plant  of  Chondrus  crispy^  (Lirin^)  Lyngbye  (Fam.  Gigartinaceoe). 

Constituents. — Pectin  (called  carragheenin  by  Pareira),  mucus,  and 
traces  of  iodine  and  bromine. 

Medical  Properties. — Chondrus  (Irish  moss  or  carragheen)  is  used  as 
a  demulcent  and  nutritive,  being  always  administered  in  the  form  of  a 
jelly  made  by  boiling  one  part  of  drug  with  thirty  parts  of  water  and 
letting  strained  solution  cool.  The  decoction,  carefully  evaporated, 
and  the  syrupy  residue  poured  on  glass  plates,  yields  scaled  Irish 
moss  gelatin,  recommended  by  Emlen  Painter  as  an  emulsifying  base. 

Dose. — 16  Gm.  (4  drachms). 

Cetraria,  the  lichen,  Cetraria  islandica,  was  official  in  former  pharmacopoeias, 
but  was  dropped  in  the  revision  of  1890.  It  contains  two  mucilaginous  principles, 
lichinin,  C^HjoOio,  and  lichnoid,  and  a  bitter  principle,  cetraric  acid,  since  discovered 
to  be  a  mixture.  It  was  used  as  a  nutritive  in  sick  diet  in  the  form  of  jelly  (decoctum 
cetrarise,  U.  S.  P.  1890).  For  this  purpose,  however,  the  bitter  cetraric  acid  had  to  be 
removed  before  jelly  was  made;  hence  the  directions  in  making  the  decoction  to 
throw  away  the  first  water  in  which  the  drug  was  washed  (p.  216). 
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CHAPTER   XL 

GLUCOSIDES  AND  GLUCOSIDAL  DRUGS 

The  large  and  important  class  of  plant  principles  called  glucosides 
are  ethers  of  glucose  with  complex  bodies,  the  usual  definition  of 
glucosides  being  bodies  which,  when  treated  with  a  diluted  acid  or  a  fer- 
ment, split  into  glucose  and  some  other  body. 

This  "other  body"  is  usually  of  complex  character,  the  composi- 
tion of  which  is  little  known.  In  most  cases  the  glucoside  derivatives 
are  compounds  of  benzene,  and  as  the  knowledge  of  these  derivatives 
is  extended  and  they  are  placed  in  their  proper  position  in  systematic 
chemistry,  the  glucoside  in  question  can  be  more  properly  studied 
under  such  heading.  Already  we  are  confronted  with  this  condition 
in  the  glucosidal  drugs  bitter  almond  and  black  mustard.  In  each 
case  the  product  of  hydrolysis  is  of  more  pharmaceutic  importance 
than  is  the  glucoside  itself,  hence  black  mustard  is  studied  among  the 
thiocyanates  (p.  746),  while  the  bitter  almond  is  considered  along  with 
the  benzaldehydes  (p.  778). 

Even  the  word  "glucose,"  used  in  the  above  definition,  does  not 
indicate  the  definite  chemical  we  know  by  that  name.  As  already 
learned,  there  are  a  large  number  of  bodies  having  the  formula 
CgHijOg,  and  "glucose"  in  the  above  definition  means  any  one  of  these. 
More  than  that,  some  glucosides  yield  carbohydrates  other  than 
hexoses;  thus,  digitalin  is  said  to  yield  digitalose,  CyHj^Og. 

The  word  "hydrolysis  "  used  above  expresses  the  process  of  decom- 
posing chemical  substances  by  introducing  the  element  of  water,- this 
being  the  function  of  the  diluted  acid  or  the  ferment  in  the  decom- 
position of  glucosides,  as  expressed  in  the  following  equations,  illus- 
trative of  a  few  examples  of  such  decomposition  of  glucosides: 

Amygdalin  plus  Water  equal  Glucose  plus  Hydrocyanic  acid  plus  Benzaldehyde. 
C,„H„NOh     +      2H2O      =    2C«Hi,0,    +  HCN  +        CbH^CHO 

Arbutin  plus  Water  equal  Glucose  plus  Hydroquinone  plus  Methyl  hydroquinone. 
Q5H3.O1,  +     2H,0     =     2CeH.308  +        C,H,(OH),       +  Cll,C,K,iOR), 

Convolvulin  plus  Water  equal  Glucose  plus  Methylethyl  plus  Penta-decylic  acid. 

acetic  acid. 
CajHjjOie       +      H3O      =      2CgHi20g    +       CsHjoOj  +  CjbHjoOs 

Digitalin  equals  Digitaligenin  plus  Glucose  plus  Digitalose. 
CajHseOu      =  C23H30O3         +     CgHijOa     +        C7H14O5 

Digitonin  plus  Water  equal  Digitogenin  plus  Galactose  plus  Dextrose. 
C27H44O13    +    2H2O     =       CisHj^Oj        +     CjHijOg      +     CjHjjO, 

Digitoxin  plus  Water  equal  Digitoxigenin  plus  Digitoxose. 
C34H54O1,     +      HjO      =         CjjHjjO^        +      2CeH,204 

Gentiopicrin  plus  Water  equal  Gentiogenin  plus  Glucose. 
CioHjoOg        +     HaO      =       CjoHjoO^       +     CjHjjOg 
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Glycyrrhizin  plus  Water  equals  Glycyrrhetin  plus  Parasaccharic  Acid. 
C^HeaNO.s      +    2H3O     =       C3,H«N0,      +  2CeHio08 

Myronic  Acid  gives  Glucose  plus  Potassium  Bisulphate  plus  Oil  Mustard. 
C.oHigKOioNS,  =    CeHi,Oe    +  KHSO,  +      C3H5CSN 

Salicin  plus  Water  equals  Glucose  plus  Saligenin. 
CisHigO,  +     H2O       =     CgHijOg    +       CyHgO^ 

Saponin  plus  Water  equals  Glucose  plus  Sapogenin. 
CszHj^Oig  +    2H2O     =     SCoHijOg  +      C14H22O3 

Strophanthin  gives  Strophanthidin  plus  Strophantho-biose-methyl-ether  plus  Water. 
C«HeeO,,        =  C3VH3A  +  Ci^H^iOioCH,  +    2H3O 

The  following  glucosides  have  been  studied,  but  not  sufficiently  to  furnish  com- 
plete equation: 

Chiratin  hydrolyzes  to  ophelic  acid  and  chiratogenin. 

Colocynthin  hydrolyzes  to  colocynthein  and  sugar. 

Convallarin  hydrolyzes  to  convallaretin. 

Convallamarin  hydrolyzes  to  convaUamaretin. 

Ericolin  hydrolyzes  to  ericinol. 

Parillin  hydrolyzes  to  parigenin. 

Scammonin  hydrolyzes  to  scammonol,  valerianic  acid,  and  grape  sugar. 

SAPONINS 

Under  the  head  saponin  we  include  a  large  number  of  glucosides  frothing  like  soap 
when  shaken  with  water,  usually  toxic,  and  while  closely  similar,  are  not  identical 
in  chemical  composition,  nor  is  the  hydrolysis  product,  sapogenin,  identical  in  each 
case.  The  following  list  gives  the  composition  of  the  known  saponins  as  reported 
by  Kobert: 

toxic  saponins: 

Quillajic  acid CigHjgOio,  from  quillaja. 

Quillaja  sapotoxin C-^tH^^O^^,  from  quillaja. 

PariUin CagH^^^Oio,  from  sarsaparilla. 

Sarsasaponin C22H360io>  from  sarsaparilla. 

Smilasaponin C20H32O10,  from  sarsaparilla. 

Senegin C17H28O10,  from  senega. 

Polygalic  acid C18H28O10,  from  senega. 

Melanthinic  acid C29H50O10,  from  veratrum. 

Non-toxic  saponins: 

Chamselirin CggHgaOig,  from  Helonias  dioica. 

Two  saponins  from  guaiac C2iH3^0io, 

It  will  be  noted  that  all  the  formulas  just  given  conform  to  either  one  of  the  two 
general  formulas.  Those  containing  18  atoms  of  oxygen  agree  with  the  formula 
proposed  by  Fliickiger,  CnHjn-ioOjg;  while  those  containing  10  atoms  of  oxygen 
agree  with  the  general  formula  suggested  by  Kobert,  CnH2n-80io. 

In  passing,  let  it  be  said  that  the  formula  for  saponin,  found  in  the  hydrolysis 
equation  given  above,  which  does  not  agree  with  any  formula  in  list  of  saponins  just 
given,  is  one  that  conforms  to  the  Fliickiger  general  formula. 

GLUCOSIDAL  DRUGS 

As  mentioned  above,  glucosides  owe  their  characteristics  primarily 
to  those  products  of  hydrolysis  other  than  glucose,  and  as  these  prod- 
ucts possess  widely  varying  properties,  the  grouping  of  glucosidal 
drugs  brings  together  agents  showing  marked  difference  in  medical 
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action.  In  an  attempt  to  bring  a  semblance  of  order  into  this  thera- 
peutic confusion  the  drugs  considered  in  this  chapter  will  be  grouped 
as  follows: 

Drug  containing  sweet  glucosides Glycyrrhiza. 

Drugs  containing  bitter  glucosides Gentian,  chirata,  Scutellaria,  saf- 
fron (U.  S.  P.  1890),  and  salicin. 

Drugs  containing  glucosides  acting  on  heart ....  ConvaUaria,    strophanthus,    squill, 

and  digitalis. 

Drugs  containing  purgative  glucosides Lappa,  jalap,  scammony,  colocynth. 

Drugs  containing  astringent  glucosides Uva  ursi,  chimaphila. 

Drugs  containing  saponin QuiUaja,  sarsaparilla,  senega. 

GLYCYRRHIZA.     Glycyrrhiza.    Licorice  Root. 

The  dried  rhizome  and  root  of  Glycyrrhiza  glabra  Linn6  (Spanish  Licorice),  or 
of  Glycyrrhiza  glandidifera  Waldstein  and  Kitaibel  (Russian  Licorice)  (Fam.  Legiir- 
minosoe). 

Constituents. — Glycyrrhizin  or  glycyrrhizic  acid,  the  ammonium 
salt  being  the  combination  found  in  the  drug;  glycyrrhamarin;  starch. 

Remarks. — The  pharmacopoeia  permits  the  use  of  both  Spanish 
and  Russian  licorice,  the  latter  being  larger  than  the  Spanish,  and 
comes  into  commerce  fffeeled.  It  is  sweeter  than  the  Spanish,  hence 
preferable. 

Medical  Properties. — Demulcent  and  expectorant.  Used  largely 
to  disguise  the  taste  of  quinine  and  other  bitter  substances,  for  which 
purpose  ammoniated  glycyrrhizin  or  the  fluidextract  (p.  251)  is  used. 

The  other  official  preparations  of  glycyrrhiza  are  the  two  extracts 
(p.  284),  brown  mixture  (p.  265),  and  compound  licorice  powder 
(p.  303). 

Dose. — 2  Gm.  (30  grains). 

GLYCYRRHIZINUM  AMMONIATUM.     Ammoniated  Glycyrrhizin. 

Recipe. — Glycyrrhiza,  in  No.  20  powder,  five  hundred  gram- 
mes   500  Gm. 

Water, 

Ammonia  Water, 

Sulphuric  Acid,  each,  a  sufficient  quantity. 

Mix  four  hundred  and  seventy-five  cubic  centimeters  of  Water  with  twenty-five  cubic 
centimeters  of  Ammonia  Water,  and,  having  moistened  the  powder  with  the  mixture, 
macerate  for  twenty-four  hours.  Then  pack  it  moderately  in  a  conical  glass  per- 
colator, and  gradually  pour  Water  upon  it  until  five  hundred  cubic  centimeters  of  per- 
colate are  obtained.  Add  Sulphuric  Acid  slowly  to  the  percolate,  with  constant 
stirring,  so  long  as  a  precipitate  is  produced.  Collect  this  on  a  strainer,  wash  it  with 
cold  Water  until  the  washings  no  longer  have  an  acid  reaction,  redissolve  it  in  Water 
with  the  aid  of  Ammonia  Water,  filter,  if  necessary,  and  again  add  Sulphuric  Acid 
so  long  as  a  precipitate  is  produced.  Collect  this,  wash  it,  dissolve  it  in  a  sufficient 
quantity  of  Ammonia  Water  previously  diluted  with  an  equal  volume  of  Water, 
and  spread  the  clear  solution  upon  plates  of  glass,  so  that,  when  dry,  the  product 
may  be  obtained  in  scales. 

Dark  brown  or  brownish-red  scales,  without  odor,  and  having  a  very  sweet  taste. 

Readily  soluble  in  water  and  alcohol. 

The  aqueous  solution,  when  heated  with  potassium  hydroxide  T.S.,  evolves 
ammonia. 

If  the  aqueous  solution  be  supersaturated  with  an  acid,  there  will  be  produced 
a  precipitate  (glycyrrhizin)  which,  when  dissolved  in  hot  water,  forms  a  jelly  on  cool- 
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ing.  This  substance,  after  being  washed  with  diluted  alcohol  and  dried,  appears  as 
an  amorphous,  yellow  powder,  having  a  strong,  bitter-sweet  taste,  and  an  acid  re- 
action. 

Upon  incineration,  Ammoniated  Glycyrrhizin  should  not  leave  more  than  a  trace 
of  ash. 

Remarks. — This  substance,  representing  the  glycyrrhizin  in  more 
or  less  impure  form,  is  made  by  precipitation  from  an  ammoniacal 
aqueous  percolate  of  glycyrrhiza  by  means  of  sulphuric  acid.  The 
crude  precipitated  glycyrrhiza  is  dissolved  in  ammonia  water  and 
water,  is  reprecipitated  with  acid,  again  dissolved  in  ammonia  water 
and  water,  and  then  "scaled"  (p.  657). 

Medical  Properties. — This  product  is  used  entirely  for  masking 
taste  of  bitter  substances. 

Dose. — 250  milligrammes  (4  grains). 

GENTIANA.     Gentian. 

The  dried  rhizome  and  roots  of  Gentiana  lutea  Linn6  (Fam.  Gentianaceae). 

Constituents. — Gentiopicrin,  a  bitter  glucoside;  gentianin,  a  bitter 
principle;  gentisin,  when  fused  with  potassa,  yields  gentisic  acid,  a 
body  that  turns  deep  blue  with  ferric  chloride,  etc. 

Gentian  contains  no  tannin,  the  darkening  of  its  preparations  by 
iron  salts  being  due  to  gentisin  and  gentisic  acid. 

Remarks. — Gentian  preparations  yield  unsightly  mixtures  when 
combined  with  iron  unless  the  gentisin  is  removed  by  treatment  of 
the  preparation  with  ferric  hydroxide. 

This  process  is  used  in  making  Elixir  of  Gentian,  N.  F.  A  still 
more  popular  preparation  of  gentian  is  the  glycerinated  Elixir  of  Gen- 
tian, N.  F.,  which  is  similar  to  the  very  popular  but  wrongly  named 
"glycerin  tonic." 

Medical  Properties. — Simple  bitter,  stimulates  digestion  and  im- 
proves the  appetite. 

Administered  as  fluidextract  (p.  247)  and  as  compound  tincture  of 
gentian  (p.  227).  The  official  extract  (p.  283)  is  a  useful  excipient  for 
tonic  pills,  but  should  not  be  used  for  this  purpose  by  a  pharmacist 
unless  so  prescribed  by  the  physician. 

Dose. — 1  Gm.  (15  grains). 

CHIRATA.     Chirata. 

The  dried  plant  of  Swertia  Chirayita  (Roxburgh)  Hamilton  (Fam.  Gentianaceoe). 

Constituents. — Ophelic  acid  and  chiratin,  the  latter  a  glucoside. 
Remarks. — Chirata  is   an   East   Indian   herb   of  intensely  bitter 
taste,  little  used  in  this  country,  but  quite  popular  in  England. 
Medical  Properties. — A  simple  bitter. 
Dose. — 1  Gm.  (15  grains). 

SALICINUM.     Salicin. 

C13H18O7  =  283.99 

A  glucoside  obtained  from  several  species  of  Scdix  and  Populus  (Fam.  Salicacece). 
Salicin  should  be  kept  in  well-stoppered  bottles. 
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Colorless,  silky,  shining,  crystalline  needles,  rhombic  prisms,  or  a  white  crystal- 
line powder;  odorless  and  having  a  very  bitter  taste. 

Soluble  in  21  parts  of  water  and  in  71  parts  of  alcohol  at  25°  C.  (77°  F.),  in  3.3 
parts  of  water  at  80°  C.  (176°  F.),  and  in  22  parts  of  alcohol  at  60°  C.  (140°  F.);  in- 
soluble in  ether  and  chloroform. 

It  melts  at  201.4°  C.  (394.5°  F.).  Upon  ignition  it  is  consumed,  leaving  no 
residue. 

Its  aqueous  solution  is  Isevogyrate  and  neutral  to  litmus-paper. 

On  heating  a  small  portion  of  Salicin  in  a  test-tube  until  it  turns  brown,  then 
adding  a  few  Cc.  of  water,  and  afterward  a  drop  of  ferric  chloride  T.S.,  a  violet  color 
will  be  produced. 

Sulphuric  acid  produces  a  red  color,  which  disappears  upon  the  addition  of  water. 

Upon  gently  heating  0.1  Gm.  of  Salicin  with  0.2  Gm.  of  potassium  dichromate 
and  2  Cc.  of  diluted  sulphuric  acid,  the  odor  of  salicylic  aldehyde  will  be  developed. 

Sulphuric  acid  containing  a  trace  of  molybdic  acid  produces  with  Salicin  a  violet 
color,  changing  to  a  deep  brownish-red.  Sulphuric  acid  containing  a  trace  of  potas- 
sium iodate  produces  a  dark  red  color,  changing  to  deep  purple.  Sulphuric  acid 
containing  about  one-fifth  of  its  volume  of  solution  of  formaldehyde  produces  a  deep 
purplish-red  color. 

If  to  a  small  quantity  of  Salicin  a  few  drops  of  nitric  acid  be  added,  the  liquid 
evaporated  to  dryness,  and  the  resulting  yellowish  residue  treated  with  ammonia 
water  and  heated  upon  a  water-bath  with  a  fragment  of  potassium  cyanide,  a  blood- 
red  color  will  be  developed. 

The  aqueous  solution  of  Salicin  is  not  precipitated  by  tannic  or  picric  acid  T.S. 
nor  by  mercuric  potassium  iodide  T.S.  (absence  of,  and  difference  from,  alkaloids). 

Tests  for  Identity. — Given  above. 

Color  Reactions. — Given  above. 

Impurities. — Alkaloids.     Details  above. 

Remarks. — Salicin  is  prepared  by  making  an  aqueous  infusion  of 
willow  bark,  precipitating  the  gum  and  starchy  matter  from  the  in- 
fusion by  treatment  of  lead  subacetate,  removing  the  excess  of  lead 
acetate  by  treatment  with  calcium  carbonate.  The  filtrate  is  then 
concentrated  in  order  to  permit  the  crystals  of  salicin  to  separate  out. 
These  are  purified  by  recrystallization. 

Remarks. — As  mentioned  at  the  beginning  of  this  chapter,  salicin 
hydrolyzes  to  saligenin.  This  later  oxidizes  to  salicylic  aldehyde  and 
salicylic  acid  (p.  782),  and  explains  dichromate — sulphuric  acid  re- 
action given  above. 

Medical  Properties. — Febrifuge  and  antirheumatic. 

Dose. — 1  Gm.  (15  grains). 

SCUTELLARIA.     Scutellaria.     Skull  Cap. 
The  dried  plant  of  Scutellaria  lateriflora  Lirm6  (Fam.  Labiatce). 

Constituents. — A  glucoside,  scutellarin;  a  trace  of  volatile  oil. 
Medical  Properties. — Stomachic,  tonic;  popularly  supposed  of  value 
as  a  nervine. 

Dose. — 1  Gm.  (15  grains). 

Saffron  (U.  S.  P.  1890). — This  drug  is  interesting  as  one  of  the  most  expensive 
of  vegetable  drugs,  its  great  cost  being  due  to  the  labor  of  collection.  The  definition 
of  the  drug  is  "the  stigmas  of  Crocus  sativus,"  by  which  is  meant  the  upper  portion 
of  the  female  organ  of  the  flower. 

On  taking  an  Easter  lily  or  Bermuda  lily  and  slicing  lengthwise  the  white,  funnel- 
shaped  petal  group  (called  the  perianth)  and  removing  it,  all  the  interior  organs  are 
removed  save  the  large  central  club-shaped  column.  This  is  the  pistil  or  female 
organ,  and  this  consists  of  three  parts:   First,  the  ovary  at  the  base,   which,  on 
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being  sliced,  shows  the  ovules  which  develop  into  seeds;  second,  the  style  or  slender 
tube,  terminating  in,  third,  a  disc-like  triple  divided  stigma  designed  to  hold  the 
pollen  by  which  the  ovary  is  fertilized. 

In  saffron,  the  stigma,  instead  of  being  a  flat  disc  like  that  of  the  lily,  consists  of 
three  delicate  threads,  and  these  constitute  the  official  drug,  to  obtain  a  pound  of 
which  necessitates  the  picking  of  stigmas  of  30,000  to  40,000  flowers,  and  that  by 
hand.  Hence,  it  is  easy  to  understand  why  saffron  is  so  expensive  and  why  so  largely 
adulterated,  the  chief  adulterant  being  the  shredded  petals  of  other  flowers.  The 
chief  use  of  saffron  is  in  domestic  practice — for  measles — and  in  cooking. 

CONVALLARIA.     Convallaria.     Lily  of  the  Valley. 

The  dried  rhizome  and  roots  of  Convallaria  majalis  Linne  (Fam.  LiliacecB). 

Constituents. — Convallarin,  a  glucoside;  convallamarin,  a  saponin. 
Medical  Properties. — Slows  and  strengthens  heart-beat,   as  does 
digitalis.     Administered  as  fluidextract  (p.  246). 
Dose. — 500  milligrammes  (7^  grains). 

STROPHANTHUS.     Strophanthus. 

The  ripe  seed  of  Strophanthus  Kombe  Oliver  (Fam.  Apocynacece),  deprived  of  its 
long  awn. 

Constituents. — Strophanthin,  a  glucoside;  kombic  acid,  a  fixed  oil,  etc. 

Remarks. — The  "awn"  referred  to  in  the  official  definition  is  a 
feather-like  appendage  to  the  seed,  intended  to  aid  in  transportation 
of  the  seed  by  the  wind. 

The  fixed  oil  is  a  source  of  annoyance  to  the  pharmacist,  as  a 
tincture  made  with  strong  alcohol  becomes  milky  when  mixed  with 
water.  In  fact,  when  first  introduced  it  was  advised  to  remove 
the  oil  by  percolation  with  ether  before  preparing  the  tincture.  It  has 
since  been  found  that  the  active  principles  are  dissolved  by  a  diluted 
alcohol  (650  parts  alcohol  to  350  parts  water),  which  at  the  same  time 
prevents  solution  of  the  oil.  This  is  the  menstruum  used  in  preparing 
the  official  tincture  (p.  236). 

Medical  Properties. — Acts  on  the  heart  as  does  digitalis. 

Dose. — 65  milligrammes  (1  grain). 

STROPHANTHINUM.     Strophanthin. 

A  glucoside,  or  mixture  of  glucosides,  obtained  from  Strophanthus.  It  should 
be  kept  in  well-stoppered,  amber-colored  vials. 

A  white  or  faintly  yellowish  crystalline  powder,  containing  varying  amounts 
of  water  of  crystallization,  which  it  does  not  lose  entirely  without  decomposition. 
Taste  intensely  bitter;  great  caution  should  be  used  in  tasting  it.     Permanent  in  the  air. 

It  is  very  soluble  in  water  and  in  diluted  alcohol,  less  soluble  in  absolute  alcohol, 
but  nearly  insoluble  in  ether,  chloroform,  and  benzene. 

When  heated,  it  begins  to  fuse  at  170°  C.  (338°  F.),  and  is  not  completely  melted 
until  the  temperature  of  190°  C.  (374°  F.)  is  reached. 

Its  solutions  are  dextrogyrate  and  neutral  to  htmus-paper. 

Sulphuric  acid  produces  with  Strophanthin  an  emerald-green  color,  changing 
to  brown. 

If  to  an  aqueous  solution  of  Strophanthin  a  trace  of  ferric  chloride  T.S.  and  a  few 
Cc.  of  sulphuric  acid  be  added,  a  red-brown  precipitate  will  be  produced,  turning 
dark  green  after  one  or  two  hours. 

Strophanthin  should  not  reduce  alkaline  cupric  tartrate  V.S.;  if  its  solution  be 
heated  to  70°  C.  (158°  F.)  with  a  small  amount  of  diluted  hydrochloric  acid  (1  in  20), 
it  will  be  decomposed  into  strophanthidin,  which  precipitates,  and  a  sugar,  which 
will  remain  in  solution,  and  which  will  reduce  alkaline  cupric  tartrate  V.S. 
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Tests  for  Identity. — Given  above. 

Color  Reactions. — Given  above. 

Manufacture. — Strophanthin  is  made  by  extracting  the  fat-free 
pulverized  seeds  with  70  per  cent,  alcohol,  removing  the  alcohol  from 
the  tincture  by  distillation,  dissolving  the  residue  in  water,  and  pre- 
cipitating the  filtrate  with  tannic  acid.  This  precipitate  is  mixed 
with  litharge,  dried,  exhausted  with  alcohol,  and  the  pure  strophan- 
thin is  precipitated  from  this  alcoholic  solution  by  the  addition  of 
ether. 

It  will  be  seen  from  the  above  definition  that  it  is  a  question 
whether  strophanthin  is  a  definite  body  or  a  mixture.  It  is  used 
like  strophanthus,  but  in  very  minute  doses. 

Dose. — 1\  milligramme  (^-^  grain). 

SCILLA.     Squill. 

The  bulb  of  XJrginea  maritima  (Linn6)  Baker  (Fam.  LUiacece),  deprived  of  its 
dry,  membranaceous  outer  scales,  cut  into  thin  sUces  and  carefully  dried,  the  central 
portions  being  rejected. 

Constituents. — Scillipicrin,  scillitoxin,  scillin.  Of  these  principles 
but  little  is  known.  Squill  contains  calcium  oxalate  in  peculiar- 
shaped  crystals  called  raphides,  and  also  mucilage. 

Remarks. — While  squill  is  used  as  a  domestic  remedy,  it  must  be 
borne  in  mind  that  its  active  principles,  particularly  scillipicrin,  have 
action  on  the  heart  similar  to  digitalis.  Hence  squill  preparations 
should  be  used  with  caution.  By  reason  of  the  irritating  action  of  its 
calcium  oxalate  crystals,  ground  squill  has  been  recommended  as  a 
rat  poison. 

Medical  Properties. — Nauseant,  expectorant,  and  diuretic. 

Official  Preparations. — The  vinegar  (p.  263),  the  syrup  (made  from 
the  vinegar)  (p.  200),  the  fluidextract  (p.  252),  and  the  compound 
syrup,  which  is  made  from  the  fluidextract  (p.  200).  Tincture  of 
squill,  U.  S.  P.  (p.  236)  is  made  with  an  alcoholic  menstruum. 

Dose. — 125  milligrammes  (2  grains). 

DIGITALIS.     Digitalis. 

The  dried  leaves  of  Digitalis  purpurea  Lirm6  (Fam.  ScrophtdariacecB),  collected 
from  plants  of  the  second  year's  growth,  at  the  commencement  of  flowering. 

Constituents. — Digitonin  (a  saponin),  digitalin  (a  glucoside), 
digitalein  (mixture  of  several  bodies,  chiefly  digitonin),  digitoxin, 
digitophyllin,  digitin,  digitoflavin,  5  per  cent,  fat,  and  a  trace  of  sub- 
stance darkening  with  ferric  chloride.  Of  these,  the  first  four  are  the 
only  ones  of  therapeutic  importance,  and,  in  truth,  the  real  activity  of 
digitalis  seems  included  in  the  two  principles — digitalin,  the  cardiac 
stimulant,  and  digitonin,  depressant  and  diuretic. 

Remarks. — The  phrase  "plants  of  the  second  year's  growth,"  found 
in  the  official  definition,  indicates  that  the  plant,  Digitalis  purpurea,  is  a 
biennial,  lives  two  years,  dying  down  to  the  ground  in  the  fall  of  the 
first  year,  and  in  the  following  spring  sending  up  a  new  batch  of  leaves 
and  a  flowering  stalk  from  the  roots  which  have  lain  dormant  under- 
ground during  the  winter. 
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It  is  these  second-year  leaves  that  are  active,  and  these  only  should 
be  used  in  medicine. 

It  will  be  seen  from  the  mention  of  the  constituents  given  above 
that  the  chemistry  of  digitalis  is  very  complex,  and  is  not  yet  fully 
cleared  up.  The  confusion  is  particularly  noted  in  the  various  digi- 
talins  found  in  the  market — the  so-called  "French  digitalin,"  of  Nati- 
velle;  that  of  Homolle;  and  the  commercial  "German  digitalin," 
being  totally  different  bodies.  The  last  consists  practically  of  digi- 
tonin,  and  is  of  but  little  activity  (dose,  tV  to  i  grain) ;  while  Homolle's 
is  quite  potent  (dose,  -^l-^  to  ^'^  grain).  Digitoxin  is  now  considered  a 
more  important  heart  tonic  than  the  several  digitalins  just  described 
(dose,  -5^75-  to  ^'(j  grain).  The  confusion  of  these  digitalins  is  apt  to 
lead  to  dangerous  results,  and  until  the  question  is  definitely  settled 
on  a  basis  of  scientific  exactness,  the  prescribing  of  digitalin  is  not  to 
be  advised. 

It  is  of  great  importance  that  the  pharmacist  exercise  great  care 
in  selecting  his  stock  of  digitalis,  as  the  quality  ranges  from  worthless 
to  high  potency.  The  best  quality  is  the  English  digitalis,  and  reliable 
brands  of  this  should  be  used  exclusively  by  the  pharmacist. 

A  most  striking  illustration  of  the  variation  in  quality  of  digitalis 
was  brought  to  the  notice  of  the  writer  by  an  apothecary,  who,  on  as- 
suming control  of  a  hospital  dispensary,  threw  out  the  cheap  grade 
digitalis  employed  by  his  predecessor,  made  the  tincture  from  the  best 
English  brand,  and  warned  all  the  house  physicians  that  the  excessive 
doses  which  they  had  prescribed  of  the  old  tincture  were  no  longer 
necessary,  but  were  positively  dangerous.  One  of  the  younger  men 
disregarded  his  advice,  and  serious  consequences  ensued. 

The  difficulty  in  selecting  digitalis  of  uniform  quality  is  enhanced  by  the  fact 
that  there  is  no  reliable  chemical  assay  for  the  drug.  Recourse  is,  therefore,  had 
to  a  "  physioloQic  assay,"  and  as  this  is  the  first  drug  considered  in  this  book  where 
such  assay  is  used,  a'ferr  words  explanatory  of  such  assays  may  be  of  service.  Physi- 
ologic assays  are  those  in  which  the  activity  of  the  drug  is  tested  upon  animals,  and 
in  each  case  where  employed  the  method  of  procedure  varies  with  the  drug  under 
consideration.  Thus,  digitalis  is  usually  tried  on  frogs,  the  amount  necessary  to 
stop  the  heart  being  taken  as  the  factor.  Ergot  is  given  to  roosters,  the  quantity 
needed  to  produce  a  certain  purple  tint  of  the  comb  being  the  gage  of  activity.  Of 
course,  the  tests  are  far  more  complex  than  this  scant  explanation  implies,  for  ex- 
ample, other  factors,  such  as  weight  of  animal,  enter  into  the  calculation  leading 
to  standardization.  In  fact,  physiologic  testing  is  beyond  the  scope  of  the  average 
pharmaceutic  chemist,  and  for  this  reason,  as  well  as  the  fact  that  the  process  is  not 
on  the  same  basis  of  exactness  as  are  chemical  assays,  the  pharmacopoeia  has  not  yet 
provided  physiologic  assays  for  official  drugs. 

The  fact  that  of  the  several  constituents  of  digitalis  given  above 
some  are  soluble  in  water  and  insoluble  in  alcohol,  while  with  others 
the  solubilities  are  just  reversed,  makes  it  apparent  that  the  com- 
position and  medical  action  of  the  official  infusion  of  digitalis  (p.  214) 
is  quite  different  from  that  of  the  official  tincture  (p.  226),  fluidextract 
(p.  247),  and  extract  (p.  282),  the  menstruum  in  the  three  last  mentioned 
being  diluted  alcohol.  The  infusion,  containing  much  digitonin  and 
little  digitalin,  is  a  useful  diuretic,  while  the  tincture,  fluidextract,  and 
extract,  containing  little  digitonin  and  much  digitalin,  is  a  heart  tonic. 
This  should  plainly  show  the  pharmacist  the  perniciousness  of  following 
the  advice  of  manufacturers  by  making  the  infusion  from  the  fluid- 


GLUCOSIDES  AND  GLUCOSIDAL  DRUGS  717 

extract — a  practice  characterized  by  Hatcher  and  Sollmann  as  "ab- 
solutely criminal." 

Medical  Properties. — A  "cardiac  tonic,"  that  is,  it  slows  and 
strengthens  the  heart-beat  and  constricts  the  blood-vessels.  Of  pecu- 
liar value  in  dropsy  because  of  its  diuretic  action. 

Dose. — 65  milligrammes  (1  grain). 

LAPPA.     Lappa.     Burdock. 

The  dried  root  of  Arctium  Lappa  Linne,  or  of  other  species  of  Arctium  (Fam. 
Composites),  collected  from  plants  of  the  first  year's  growth. 

Constituents. — Supposed  to  contain  a  glucoside,  of  which  but  little 
is  known,  also  mucilage  and  inulin.  Note  that  the  roots  of  plants  of 
the  natural  order  Compositse  usually  contain  inulin  (p.  407)  instead 
of  starch. 

Remarks. — The  phrase  "from  plants  of  the  first  year's  growth"  in 
the  official  definition  means  that  the  plant,  like  digitalis,  is  a  biennial 
and  that  the  root  is  collected  in  the  fall  of  the  first  year,  when  filled 
with  inulin,  destined  to  serve  as  nourishment  for  the  young  shoots  of 
the  second  year. 

Medical  Properties. — Supposedly  purgative. 

Dose. — 2  Gm.  (30  grains). 

JALAPA.     Jalap. 

The  dried  tuberous  root  of  Exogonium  Purga  (Wenderoth)  Bent  ham  (Fam. 
Convolmdacece) ,  yielding,  when  assayed  by  the  process  given  below,  not  more  than  7 
per  cent,  of  total  resin,  of  which  not  more  than  15  per  cent,  should  be  soluble  in  ether. 

Assay   of   Jalap 

Jalap,  in  No.  60  powder,  ten  grammes 10  Gm. 

Ether, 

Alcohol, 

Chloroform, 

Distilled  Water,  each,  a  sufficient  quantity. 

Insert  a  pledget  of  purified  cotton  in  the  neck  of  a  funnel  or  small  glass  percolator, 
introduce  the  powdered  Jalap  and  pour  ether  upon  it,  keeping  the  funnel  or  percola- 
tor well  covered,  until  50  Cc.  of  percolate  have  been  obtained.  Transfer  the  percolate 
to  a  tared  beaker,  evaporate  the  ether  by  means  of  a  water-bath,  and  weigh  the  residue. 
The  weight  multiplied  by  ten  will  give  the  percentage  of  ether-soluble  resin  in  the 
Jalap.  Continue  the  percolation  of  the  powder  (which  has  been  exhausted  by  the 
ether)  with  alcohol,  until  100  Cc.  of  percolate  have  been  obtained.  Measure  20  Cc. 
of  this  percolate  into  a  separator,  add  20  Cc.  of  chloroform,  mix  the  liquids,  and  then 
add  20  Cc.  of  distilled  water,  and  shake  the  separator  thoroughly  for  one  minute. 
When  the  liquids  have  completely  separated,  draw  off  the  chloroform  into  a  tared 
beaker,  wash  the  separator  with  5  Cc.  of  chloroform,  and  add  the  washings  to  the 
tared  beaker.  Evaporate  the  chloroform  with  the  aid  of  a  water-bath,  and  then  dry 
the  residue  to  a  constant  weight.  This  weight  multiplied  by  fifty  will  -give  the  per- 
centage of  resin  insoluble  in  ether  in  the  Jalap.  Add  to  this  the  percentage  of  ether- 
soluble  resin  already  determined,  and  the  result  will  be  the  percentage  of  total  resin 
contained  in  the  Jalap. 

Constituents. — Resin,  consisting  chiefly  of  two  glucosides,  jalapin 
(ether  soluble)  and  convolvulin  (insoluble  in  ether) ;  sugar,  starch,  etc. 
Remarks. — Jalap  is  a  tuberous  root,  similar  to  the  sweet  potato, 
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and  belonging  to  the  same  family — the  convolvulus  or  morning-glory 
family.  Note  in  assay  given  above  that  jalap  should  yield  no  more  than 
1.05  per  cent,  of  ether-soluble  resin  (jalapin)  and  not  less  than  5.95 
of  ether-insoluble  resin  (convolvulin) — that  is,  while  the  drug  must 
yield  not  less  than  7  per  cent,  total  resin,  the  amount  of  ether-soluble 
resin  must  be  not  more  than  1.05  per  cent.  This  requirement  is  made 
because  jalapin  is  nauseating,  and  it  has  been  recommended  that  jalap 
be  used  only  after  the  jalapin  has  been  removed  by  percolation  with 
ether.     (See  p.  1027.) 

Medical  Properties. — Hydragogue  cathartic,  that  is,  a  drug  produc- 
ing watery  stools.  It  is  administered  as  resin  (p.  291),  which  is  a 
constituent  of  compound  cathartic  pills  (p.  323),  and  as  compound 
powder  of  jalap  (p.  304),  the  cream  of  tartar  which  the  latter  contains 
greatly  aiding  the  action  of  the  jalap. 

Dose. — 1  Gm.  (15  grains), 

SCAMMONIUM.     Scammony. 

A  gum-resin  obtained  by  incising  the  living  root  of  Convolvvltis  Scammonia 
Linn6  (Fam.  Convolvvlacece). 

Constituents. — Resin,  consisting  chiefly  of  scammonin,  gum,  etc. 

Remarks. — Scammonin  is  identical  with  the  jalapin  from  Orizaba 
jalap  {Ipomcea  orizabensis) ,  but  is  not  the  same  as  the  jalapin  from 
official  jalap.  Fine  quality  scammony  sometimes  yields  95  per  cent, 
resin,  but  usually  the  quality  of  the  commercial  drug  is  poor;  hence 
the  pharmacopoeial  requirements  that  75  per  cent,  of  scammony  should 
dissolve  in  ether  and  that  there  should  not  be  more  than  3  per  cent,  of 
ash. 

Medical  Properties. — Hydragogue  cathartic.  The  resin  (p.  293) 
is  official,  and  this  a  constituent  of  compound  extract  of  colocynth 
(p.  282). 

Dose. — 250  milligrammes  (4  grains). 

COLOCYNTHIS.     Colocynth.     Bitter  Apple. 

The  peeled  dried  fruit  of  Citrvllus  Colocynthis  Schrader  (Fam.  Cucurbitaceos). 

Constituents. — Colocynthin,  a  glucoside,  resin,  etc.     No  starch. 

Remarks. — Colocynth  is  a  fruit  of  the  plant  of  the  gourd  family, 
and  closely  resembles  the  common  gourd  when  unpeeled. 

Medical  Properties. — Hydragogue  cathartic.  Official  prepara- 
tions, extract  and  compound  extract  (p.  282). 

Dose. — 65  milligrammes  (1  grain). 

UVA   URSI.     Uva  Ursi. 

The  dried  leaves  of  Arctostaphylos  Uva-ursi  (Linn^)  Sprengel  (Fam.  Ericaceas). 

Constituents. — Arhutin,  a  glucoside  (originally  called  ursin),  eri- 
colin,  a  glucoside;  ursone,  tannic  and  gallic  acids,  resin,  gum,  etc. 

Remarks. — It  might  be  mentioned  in  passing  that  the  Greek  name 
of  the  plant  (arctostaphylus),  and  the  Latin  (and  specific)  name 
(uva  ursi)  both  mean  the  same  thing;  namely,  bearberry,  which  is  the 
English  synonym. 
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Medical  Properties. — Astringent  diuretic;  antiseptic  to  the  urinary 
passages.     The  fluidextract  (p.  248)  is  official. 
Dose. — 2  Gm.  (30  grains). 

CHIMAPHILA.     Chimapliila. 

The  dried  leaves  of  Chimaphila  umbellata  (Linn6)  Nuttall  (Fam.  Ericacece). 

Constituents. — Chimaphilin,  C24H21O4;  another  glucoside,  CioHgO. 
These  two  bodies  are  not  clearly  known,  but  it  may  be  stated  that 
the  constituents  of  the  drug  are  very  similar  to  uva  ursi. 
Medical  Properties. — Like  uva  ursi. 
Dose. — 2  Gm.  (30  grains). 

QUILLAJA.     Quillaja.     Soap  Bark. 

The  dried  bark  of  Quillaja  Saponaria  Molina  (Fam.  Rosacece),  deprived  of  the 
periderm. 

Constituents. — Saponin,  sapotoxin,  etc. 

Remarks. — Quillaja  is  the  first  of  the  "saponinoid"  drugs  to  be 
considered — drugs  containing  saponin,  an  acrid  principle  which  froths 
in  water  like  soapsuds.  All  liquid  preparations  of  such  drugs  froth 
when  agitated.  Soap-bark  is  used  more  for  washing  colored  silk 
(white  fabrics  are  stained  brown  yellow  by  its  decoctions)  than  for 
pharmaceutic  purposes.  It  is,  however,  used  in  making  emulsions, 
for  which  it  would  be  excellent  were  it  not  dangerous  on  account  of  its 
irritating  properties. 

"Gum  foam,"  used  in  soda-water  syrups,  is  made  by  percolating 
quillaja  with  water  containing  glycerin. 

Its  use  raises  the  same  objections  as  the  employment  of  saponin  or 
of  quillaja  in  emulsions. 

Ground  soap-bark  should  be  handled  with  care,  as  its  dust  is  very 
irritating  to  the  nostrils,  producing  violent  sneezing.  Such  drugs 
are  said  to  be  sternutatory. 

Medical  Properties. — Irritant,  rarely  used  internally. 

SARSAPARILLA.     Sarsaparilla. 

The  dried  root  of  Smilax  medica  Chamisso  and  Schlechtendal,  Smilax  ornata 
Hooker,  Smilax  papyracea  Duhamel,  or  a  dried  root  known  commercially  as  Honduras 
Sarsaparilla,  which  is  probably  obtained  from  Smilax  officinalis  Kunth  (Fam.  LUia- 
cece). 

Constituents. — Parillin  (a  glucoside  similar  to  saponin,  originally 
called  pariglin;  saponin;  sarsasaponin;  starch;  calcium  oxalate  in  the 
form  of  raphides,  etc. 

Medical  Properties. — Sarsaparilla  is  a  drug  whose  reputation  is 
chiefly  false.  It  is  vaunted  to  the  skies  by  the  numerous  patent 
medicine  men  as  the  greatest  of  all  blood  purifiers,  yet  cold,  calm 
analysis  shows  it  to  have  but  little  merit.  It  contains  saponinoid 
principles  which  cause  it  to  froth,  and  possibly  a  trace  of  volatile  oil, 
but  neither  of  these  can  be  regarded  as  great  alteratives,  and  we  are 
forced  to  the  conclusion  that  its  reputation  has  been  gained  by  its 
association  with  other  valuable  alteratives.     It  is  rarely  prescribed 
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by  itself,  its  only  simple  official  preparation  being  the  fluidextract 
(p.  247),  while  its  popular  preparations  are  the  compound  syrup  (p. 
200)  and  compound  fluidextract  (p.  254) ,  which  contain  such  alteratives 
as  guaiacum  and  mezereum,  and,  moreover,  these  preparations  are 
usually  prescribed  with  potassium  iodide. 
Dose. — 2  Gm.  (30  grains). 

SENEGA.     Senega. 

The  dried  root  of  Polygala  Senega  Linn6  (Fam.  Polygalacece). 

Constituents. — Senegin  or  polygalic  acid  (a  form  of  saponin);  an 
acid  also  called  polygalic  acid;  trace  of  volatile  oil,  pectin,  etc.  No 
starch  or  tannin. 

Remarks. — The  pectin  of  senega  is  a  source  of  annoyance  in  the 
pharmaceutic  preparations  of  the  drug,  these  gelatinizing  or  becoming 
cloudy  on  standing,  due  to  conversion  of  the  pectin  into  the  insoluble 
calcium  pectate.  This  decomposition  is  prevented  by  the  addition 
of  alkali;  hence  the  senega  preparations  of  1890  contained  ammonia 
water,  while  those  of  U.  S.  P.  VIII.  contain  potassium  hydroxide. 

Medical  Properties. — Expectorant,  nauseant.  Emetic  in  large 
doses. 

Official  Preparations. — Fluidextract  (p.  249),  and  from  this  the 
syrup  (p.  201)  and  compound  syrup  of  squill  (p.  200)  are  made. 

Dose.^1  Gm.  (15  grains). 


CHAPTER   XLI 
DERIVATIVES  OF  THE  HIGHER  HYDROCARBONS 

FATS,   SOAPS,   AND  WAXES 

As  already  mentioned,  chain  hydrocarbons  containing  more  than 
six  carbon  atoms  are  known.  Thus  we  have  heptane,  CyHj^;  octane, 
CgH^g;  nonane,  CgHjo;  decane,  CioHjj,  and  likewise  the  bodies 
C11H24,  CijHje,  and  so  on  to  CgoHigz.  None  of  the  bodies  just  mentioned 
is  of  interest  in  pharmacy,  save  that  the  petroleum  contains  variable 
amounts  of  almost  all  the  series. 

Of  pharmaceutic  value,  however,  are  the  derivatives  of  CigHg^- 
CigHag,  CjyHjg,  C30H52,  and  of  the  unsaturated  hydrocarbon,  CigHgg. 

Hexadecane,  CigHg^,  yields  a  series  of  alcohols  having  the  formula 
CigllggOH.  One  of  these  hexadecyl  alcohols  is  known  as  cetyl  alcohol  or 
cethal,  and  is  interesting  as  the  alcoholic  part  of  the  ester  which  is  the 
chief  constituent  of  spermaceti.  Cetyl  alcohol  yields  on  oxidation 
palmitic  acid,  C15H31COOH,  which  is  the  common  constituent  of  fats 
and  waxes.  Thus  the  cetin,  mentioned  above  as  the  chief  constituent 
of  spermaceti,  is  the  ester,  cetyl  palmitate. 

Likewise  the  palmitate  of  glyceryl,  commonly  known  as  palmitin, 
is  a  common  constituent  of  fats. 
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ACIDUM   STEARICUM.     Stearic  Acid. 

HCisHjjOa  =  282.14 

A  monobasic  organic  acid  [C17H35.COOHI,  in  its  commercial,  more  or  less  impure 
form,  usually  obtained  from  the  more  solid  fats,  chiefly  tallow. 

A  hard,  white,  somewhat  glossy  solid,  odorless  and  tasteless,  and  permanent 
in  the  air. 

Insoluble  in  water;  soluble  in  about  16.6  parts  of  alcohol  at  25°  C.  (77°  F.); 
readily  soluble  in  boiling  alcohol  and  in  ether. 

Stearic  acid,  when  pure,  melts  at  69.2°  C.  (156.6°  F.).  The  commercial  Acid 
should  have  a  melting-point  not  lower  than  56°  C.  (132.8°  F.),  and  the  melted  Acid 
should  become  opaque  and  begin  to  congeal  at  a  temperature  not  lower  than  54°  C. 
(129.2°  F.). 

If  1  Gm.  of  Stearic  Acid  and  0.5  Gm.  of  monohydrated  sodium  carbonate  be 
boiled  with  30  Cc.  of  water,  in  a  capacious  flask,  the  resulting  solution,  while  hot, 
should  not  be  more  than  opalescent  (limit  of  undecomposed  fat). 

Tests  for  Identity. — Given  above. 

Impurities. — Undecomposed  fat.     Details  above. 

Remarks. — Stearic  acid  is  one  of  the  monobasic  acids  from  CjgHjg. 
It  is  a  white,  waxy  solid,  insoluble  in  water,  melting  at  70°  C.  While 
stearic  acid  can  be  made  by  the  reduction  of  oleic  acid,  its  commercial 
source  is  from  solid  fats,  such  as  tallow  and  suet,  which,  on  treatment 
with  superheated  steam,  yield  glycerin  and  stearic  acid  Hence  most 
commercial  stearic  acid  is  a  side-product  in  glycerin  manufacture. 

Tallow  and  suet  are  composed  chiefly  of  stearin  or  the  stearic  acid 
ester  of  glycerin,  and  this,  like  all  esters,  can  be  easily  decomposed 
by  treatment  with  an  alkali  or  with  superheated  steam  by  the  follow- 
ing reaction: 

C3H,(Ci8H3,03),     +     3H,0     =     C3H,(OH)3     +     3HC,3H3A. 

Steam. 

Stearic  acid  is  official  because  it  enters  into  the  manufacture  of 
glycerin  suppositories,  a  very  small  quantity  of  stearic  acid  soap  being 
ample  to  solidify  a  large  quantity  of  glycerin. 

Thus  in  the  U.  S.  P.  recipe  60  Gm.  glycerin  are  solidified  by  heating 
with  5  Gm.  stearic  acid  and  3  Gm.  sodium  carbonate,  the  products  of 
the  reaction  being  glyceryl  stearate  and  sodium  stearate. 

Margaric  acid  is  a  name  applied  to  pearly  scales  isolated  from  some  fats  by 
Chevreul.  Its  analysis  shows  the  formula  CigHgjCOOH,  but  careful  investigations 
have  shown  that  this  is  merely  a  mixture  of  palmitic  and  stearic  acids,  and  in  modern 
chemistry  the  term  finds  its  last  rest  in  the  name  applied  to  artificial  butter,  oleo- 
margarine. 

ACIDUM   OLEICUM.     Oleic  Acid. 

HC18H33OJ  =  280.14 

A  monobasic  organic  acid,  prepared  in  a  sufficiently  pure  condition  by  cooling 
commercial  Oleic  Acid  to  about  5°  C.  (41°  F.),  then  separating  and  preserving  the 
liquid  portion. 

A  yellowish  or  brownish-yellow,  oily  liquid,  having  a  peculiar,  lard-like  odor 
and  taste;  becoming  darker  and  absorbing  oxygen  on  exposure  to  air. 

Specific  gravity:  about  0.895  at  25°  C.  (77°  F.). 

Insoluble  in  water;  soluble  in  alcohol,  chloroform,  benzene,  petroleum  benzin, 
and  fixed  and  volatile  oils. 

When  cooled  to  about  4°  C.  (39.2°  F.),  Oleic  Acid  becomes  semisolid,  and  on 
further  cooling  congeals  to  a  whitish,  solid  mass. 
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When  heated  to  a  temperature  of  about  95°  C.  (203°  F.)  decomposition  com- 
mences, and  acrid  vapors  are  produced.  At  a  higher  temperature  it  is  completely 
dissipated. 

An  alcoholic  solution  of  Oleic  Acid  has  a  feebly  acid  reaction  upon  blue  litmus- 
paper. 

Equal  volumes  of  Oleic  Acid  and  alcohol,  mixed  at  the  ordinary  temperature, 
should  yield  a  clear  solution  without  the  separation  of  any  oily  drops  (absence  of 
■fixed  oils). 

If  1  Gm.  of  Oleic  Acid  be  heated  with  20  Cc.  of  alcohol,  and  2  drops  of  phenol- 
phthalein  T.S.  be  added,  followed  by  a  strong  solution  of  sodium  hydroxide  (1  in  4), 
drop  by  drop,  until  the  liquid  has  acquired  a  permanent  red  tint  and  the  Acid  is 
saponified,  and  if  acetic  acid  be  added  until  the  red  color  of  the  liquid  is  just  dis- 
charged, and  the  liquid  be  filtered,  then  10  Cc.  of  the  filtrate  mixed  with  10  Cc.  of 
ether  should  not  be  rendered  more  than  slightly  turbid  by  shaking  with  1  Cc.  of  lead 
acetate  T.S.  (absence  of  notable  quantities  of  palmitic  and  stearic  adds). 

Tests  for  Identity. — Given  above. 

Impurities. — Fixed  oils,  excess  of  palmitic  and  stearic  acids.  De- 
tails above. 

Remarks. — Oleic  acid  is  obtained  from  oils  by  treating  same  with 
superheated  steam  in  the  process  of  glycerin  manufacture. 

It  is  the  product  of  the  unsaturated  hydrocarbon  CjgHjg,  and,  as 
can  be  noticed,  it  represents  stearic  acid  minus  two  atoms  of  hydrogen. 

The  best  comparison  of  this  body  with  stearic  acid  and  with  oleic  acid  allies  can 
be  made  by  representing  the  structural  formulas  side  by  side: 


Stearic 
Acid. 

CH3 

I 

(CH2)i8 

COOH. 


Oleic 
Acid. 

CH, 

I 
(CH,), 

CH 

L 

(CH,), 
COOH. 


Elaidic 
Acid. 

CH, 

I 
(CH,), 

HC 

II 
CH 

(CH,), 

COOH. 


LiNOLEIC 

Acid 
(Schematic). 

CH, 


CH, 


:h 

L 

(CH,).i 

I 
CH 


CH 


RiCINOLEIC 

Acid. 

CH3 

I 
(CH,), 

CHOH 

in 

L 

I 

(CH,)3 
COOH. 


OOH. 


Oleic  acid  is  a  yellow  or  yellowish-brown,  oily  liquid,  not  affecting 
litmus-paper,  and  solidifying  at  40°  C. 

On  treatment  with  a  large  quantity  of  alcoholic  potassium  hy- 
droxide it  breaks  into  palmitic  and  oxalic  acid,  strong  heat  with  nitric 
acid  breaking  it  up  into  a  number  of  simpler  bodies;  on  the  other  hand, 
gentle  heat  with  nitrous  acid  converts  it  into  the  isomeric  yellow  solid 
elaidic  acid,  the  graphic  formula  of  which  is  given  above. 

Oleic  acid  is  the  chief  constituent  of  liquid  fats  or  oils  in  the  form 
of  the  glycerin  ester  olein. 

The  oleic  acid  solutions  of  metallic  oxides  or  alkaloids  form  the 
pharmaceutic  class,  oleates  (p.  210). 

Linolic  acid,  C„H3iC00H,  differs  from  oleic  acid  by  possessing  two  atoms  of 
hydrogen  less.     It  is,  therefore,  more  unsaturated  than  the  oleic.     In  the  form  of 
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glycerin  ester  it  is  the  chief  constituent  of  linseed  oil,  the  drying  properties  of  which 
render  it  so  valuable  in  paint.  Most  oils  spread  on  wood  are  absorbed  by  the  fibers 
leaving  a  permanent  greasy  stain;  with  linseed  oil,  on  the  other  hand,  the  stain 
gradually  becomes  resinous,  due  to  the  oxidation  of  linolein  into  the  product  linoxyn. 
Very  similar  to  it  are  the  other  acids  of  linseed  oil,  linolenic  acid  and  isolinolenic  acid. 
In  fact,  there  still  wages  a  controversy  as  to  whether  the  last  two  are  not  merely 
impure  forms. of  linoleic  acid. 

Ricinoleic  acid,  Cj7H320HCOOH,  represents  oleic  acid,  in  which  one  hydrogen 
has  been  replaced  by  a  hydroxyl  group.  It,  in  the  form  of  glycerin  compound,  is 
the  chief  constituent  of  castor  oil.  Ricinoleic  acid  forms  a  chemical  combination 
with  sulphuric  acid,  and  the  product  which  is  generally  obtained  by  direct  treatment 
of  castor  oil  with  sulphuric  acid  forms  with  potassa  a  jelly-like  liquid  which,  on  account 
of  its  excellent  solvent  powers,  has  been  called  "polysolve."  It  dissolves  a  variety 
of  substances,  as  metallic  salts,  gums,  resins,  solid  extracts,  iodoform,  and  chrysa- 
robin. 

A  variety  of  polysolve  has  been  introduced  into  American  pharmacy  under  the 
name  oleite,  as  a  vehicle  for  the  external  application  of  a  variety  of  medicines. 

OILS  AND  FATS 

An  oil  is  any  liquid  which  greases — which  leaves,  when  dropped 
on  cloth,  a  stain  which  water  will  not  wash  out,  a  stain  which  makes 
paper  translucent.  If  a  solid  substance  exhibits  similar  properties, 
it  is  called  a  fat.  Oils  are  called  volatile  or  fixed,  according  as  this  stain 
disappears  on  warming  or  is  permanent  by  reason  of  the  non-volatility 
of  the  oil — characters  clearly  defined  by  the  names  given  the  two 
groups. 

All  fixed  oils  and  fats  are  combinations  of  glycerin  with  oleic, 
stearic,  palmitic,  or  analogous  acids — are  glycerin  esters  of  these  acids. 

As  already  learned  (p.  632),  alcohols  react  with  acids,  just  as  do 
the  inorganic  basic  hydroxides,  and  such  products  of  alcohols  called 
esters  are  analogous  to  the  inorganic  salts.  Among  examples  of  such 
ester  formation  already  cited  were: 

CaHjOH     +     HNOj  =     HjO     +     C2H5NO2      .Ethyl  nitrite. 

CjHjOH     +     HC2H3O,     =     H2O     +     CjHsQHjOj  Ethyl  acetate. 

Similarly,  glycerin  reacts  with  acids  forming  esters.  Thus,  one  mole- 
cule of  glycerin,  03115(011)3,  reacts  with  three  molecules  of  oleic  acid, 
HCigHggOj,  as  shown  graphically  below: 


nil  21     Hc,3H,303  nil 

I.H^     +     H^.sH330,     =     3H,0     +     l-H 

UalL^  !TC.3H330,  U3II 


iCisHjaOj 


or  CjH5(Ci8H3302)3,  glyceryl  oleate  or  olein. 

Similarly,  glycerin  reacts  with  stearic  acid,  HC18H35O2: 


HC,kH„0,  ^%  1 1  Cj8H350j 

^18"35^i 


nil22  HC,3H330,  flit 

I  ■  H  ^     +    IC.SH33O,     =     3H,0     +     l-H 


or  C3 £[5(0,8113502)3,  glyceryl  stearate  or  stearin. 

Combinations  of  varying  proportions  of  glyceryl  oleate  (olein), 
glyceryl  palmitate  (palmitin),  and  glyceryl  stearate  (stearin)  form  the 
fixed  oils  and  fats.     The  larger  the  proportion  of  olein,  the  more  liquid 
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is  the  fatty  substance,  oils  like  that  from  olives  being  largely  olein. 
As  the  amount  of  stearin  increases  the  more  solid  the  fatty  substance 
becomes,  until,  in  tallow,  there  are  little  olein  and  much  stearin. 
Fats  and  fatty  oils  and  waxes  are  grouped  by  Allen  as  follows: 

I.  Olive  oil  group:  Non-drying  vegetable  oleins.  Examples, 
olive,  almond,  peanut,  and  mustard  oils. 

II.  Cotton  seed  oil  group:  Intermediate  between  I.  and  III.; 
hence  adulterants  of  both.  Examples:  Cotton  seed,  rape  seed, 
beechnut,  and  sesame  oils. 

III.  Linseed  oil  group:  Containing  lin oleic  acid,  hence  drying  oils, 
becoming  resinous  on  boiling  with  litharge.  Examples:  Linseed  oil 
and  a  few  others. 

IV.  Castor  oil  group:  Containing  ricinoleic  and  other  acids. 
Examples:  Castor,  croton,  and  Japan  wood  oils. 

V.  Palm  oil  group:  Semisolid  fats.  Examples:  Palm,  theo- 
broma,  and  nutmeg  oils. 

VI.  Coconut  oil  group:  Solid  esters  of  lauric  acid  (C11H23COOH). 
Easily  saponified,  hence  valuable  in  soap-making.  Example: 
Coconut  oil. 

VII.  Lard  oil  group:  Animal  oleins.  Examples:  Lard,  neats- 
foot,  and  bone  oils. 

VIII.  Tallow  group:  Solid  animal  fats.  Examples:  Tallow, 
lard,  suint,  and  butter. 

IX.  Whale  oil  group:  Marine  animal  oleins,  mixed  with  glycer- 
ides  of  caproic  and  valerianic  acids.  Examples:  Whale,  porpoise, 
and  cod  liver  oils. 

X.  Sperm  oil  group:  Liquid  waxes,  being  esters  of  monatomic 
alcohols;  thus,  sperm  oil  is  the  oleate  of  lauric  alcohol,  CijHjjOH. 
Examples:  Sperm,  bottlenose,  and  dolphin  oils. 

XL  Spermaceti  group:  Waxes,  esters  of  higher  monatomic  alco- 
hols.    Examples:     Spermaceti,  beeswax,  and  Japan  wax. 

OFFICIAL   FIXED   OILS   AND   FATS 

OLEUM   OLIViE.     Olive  Oil. 

A  fixed  oil  expressed  from  the  ripe  fruit  of  Olea  europoea  Linn6  (Fam.  Oleaceoe). 
It  should  be  kept  in  well-stoppered  bottles,  in  a  cool  place. 

A  pale  yellow  or  light  greenish-yellow  oily  liquid,  having  a  slight  peculiar  odor, 
and  a  nut-like,  oleaginous  taste,  with  a  faintly  acrid  after-taste. 

Specific  gravity:  0.910  to  0.915  at  25°  C.  (77°  F.). 

Very  sparingly  soluble  in  alcohol,  but  readily  soluble  in  ether,  chloroform,  or 
carbon  disulphide. 

When  cooled  to  from  8°  to  10°  C.  (46.4°  to  50°  F.)  the  Oil  becomes  somewhat 
cloudy  from  the  separation  of  crystalline  particles,  and  at  0°  C.  (32°  F.)  it  forms 
a  whitish,  granular  mass. 

If  2  Cc.  of  Olive  Oil  be  shaken  vigorously  with  an  equal  volume  of  nitric  acid  (sp. 
gr.  1.37),  the  Oil  should  retain  a  light  yellow  color,  not  becoming  orange  or  reddish- 
brown,  and  after  standing  for  six  hours  should  change  into  a  yellowish-white  solid 
mass  and  an  almost  colorless  liquid  (absence  of  appreciable  quantities  of  cotton  seed 
oil  and  most  other  seed  oUs). 

If  5  Cc.  of  the  Oil  be  thoroughly  shaken  in  a  test-tube  with  5  Cc.  of  an  alcoholic 
solution  of  silver  nitrate  (made  by  dissolving  0.1  Gm.  of  silver  nitrate  in  10  Cc.  of 
alcohol  and  adding  2  drops  of  nitric  acid),  and  the  mixture  be  heated  for  about  five 
minutes  in  a  water-bath,  the  Oil  should  retain  its  original  pale  color,  not  becoming 
reddish  or  brown,  nor  should  any  dark  color  be  produced  at  the  line  of  contact  of 
the  two  liquids  (absence  of  more  than  about  5  per  cent,  of  cotton  seed  oU). 
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If  2  Cc.  of  the  Oil  be  mixed  in  a  test-tube  with  2  Cc.  of  equal  volumes  of  amy! 
alcohol  and  carbon  disulphide  containing  1  per  cent,  of  sulphur  in  solution,  and  the 
test-tube  be  immersed  to  one-third  or  one-half  its  depth  in  boiling  salt  water,  no 
reddish  color  should  develop  in  from  ten  to  fifteen  minutes  (absence  of  cotton  seed 
oU). 

If  2  Cc.  of  the  Oil  be  mixed  with  1  Cc.  of  hydrochloric  acid  (sp.  gr.  1.18)  contain- 
ing 1  per  cent,  of  sugar,  and  the  mixture  be  shaken  for  half  a  minute  and  allowed  to 
stand  for  five  minutes,  and  then  3  Cc.  of  water  added  and  the  whole  again  shaken,  the 
acid  layer  should  not  show  a  pink  color  (absence  of  sesame  oil). 

Tests  for  Identity. — Given  above. 

Impurities. — Cotton  seed  oil,  other  seed  oils,  sesame  oil.  Details 
above. 

Saponification  Number. — 191  to  195.     Details  in  Part  V. 

Iodine  Absorption  Number. — 80  to  88.     Details  in  Part  V. 

Composition. — Olein,  67  per  cent.;  palmitin,  28  per  cent.;  linolein, 
5  per  cent. 

Remarks. — Olive  oil  is  obtained  by  expressing  the  ripe  olive,  the 
same  fruit  which,  when  green  and  pickled,  forms  the  familiar  table 
relish.     The  oil  is  rarely  found  in  commerce  in  pure  form. 

A  very  significant  fact  is  that  a  major  part  of  the  cotton  seed 
oil  shipped  from  New  Orleans  goes  to  Italy,  the  home  of  the  olive. 
For  this  reason  the  pharmacopoeia  provides  an  elaborate  series  of 
tests  (given  above)  for  the  detection  of  cotton  seed  oil.  The  most 
reliable  of  these  is  the  Halphen  test,  the  one  given  above  involving 
the  use  of  amyl  alcohol,  carbon  disulphide,  and  sulphur. 

The  last  two  tests  given  below — the  saponification  number  and  the 
iodine  absorption  number — are  of  great  importance  in  establishing  the 
constants  for  all  fixed  oils. 

As,  however,  a  clear  understanding  of  the  two  tests  implies  a  com- 
prehension of  the  theory  of  volumetric  analysis,  explanation  of  the  tests 
will  be  left  for  the  chapter  on  Pharmaceutic  Testing  (pp.  1043-1045).^ 

Medical  Properties. — Laxative  and  emollient,  externally  in  lini- 
ments. 

Dose. — 30  Cc.  (1  fluidounce). 

OLEUM    AMYGDALiE    EXPRESSUM.     Expressed  Oil  of  Almond. 

A  fixed  oil  expressed  from  Bitter  or  Sweet  Almond.  It  should  be  kept  in  well- 
stoppered  containers,  in  a  cool  place. 

A  clear,  pale  straw-colored  or  colorless,  oily  liquid,  almost  inodorous,  and  having 
a  mild,  nut-like  taste. 

Specific  gravity:  0.910  to  0.915  at  25**  C.  (77°  F.). 

Only  slightly  soluble  in  alcohol;  soluble  in  ether,  chloroform,  and  benzene  in  all 
proportions. 

It  should  remain  clear  at  — 10°  C.  (14°  F.),  and  it  does  not  congeal  until  cooled 
to  nearly  — 20°  C.  ( — 4°  F.)  (absence  of  olive  ml  or  lard  oil). 

If  2  Cc.  of  the  Oil  be  vigorously  shaken  with  a  mixture  of  1  Cc.  of  fuming  nitric 
acid  and  1  Cc.  of  water,  a  whitish  mixture  should  be  formed,  which,  after  standing 
for  some  hours  at  about  10°  C.  (50°  F.),  should  separate  into  a  solid,  white  mass  and 
a  slightly  colored  liquid  (distinction  from  the  fixed  oils  of  peach  and  apricot  kernels, 
which  give  a  red  color,  and  sesame  and  cotton  seed  oils,  which  are  colored  brown). 

If  10  Cc.  of  the  Oil  be  mixed  with  15  Cc.  of  a  solution  of  sodium  hydroxide  (1  in  6) 
and  10  Cc.  of  alcohol,  and  the  mixture  be  allowed  to  stand  at  a  temperature  of  35°  to 
40°  C.  (95°  to  104°  F.),  with  occasional  agitation,  until  it  becomes  clear,  and  if  then 
diluted  with  100  Cc.  of  water,  the  clear  solution  thus  obtained  upon  the  subsequent 
addition  of  an  excess  of  hydrochloric  acid  will  set  free  a  layer  of  oleic  acid.  This, 
when  separated  from  the  aqueous  liquid,  washed  with  warm  water,  and  clarified  by 
heating  on  a  water-bath,  will  remain  liquid  if  cooled  to  15°  C.  (59°  F.). 
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One  volume  of  this  oleic  acid,  when  mixed  with  1  volume  of  alcohol,  should  yield 
a  clear  solution,  which  at  15°  C.  (59°  F.)  should  not  deposit  any  fatty  acids  nor 
become  turbid  upon  the  further  addition  of  1  volume  of  alcohol  (distinction  from 
olive,  arachis,  cotton  seed,  sesame,  and  other  fixed  oils). 

Tests  for  Identity. — Given  above. 

Impurities. — Olive  oil,  lard  oil,  peach  kernel,  and  apricot  kernel  oils; 
sesame  oil,  cotton  seed  oil,  and  arachis  oil.     Details  above. 

Saponification  Number. — 191  to  200.     Details  in  Part  V. 

Iodine  Absorption  Number. — 95  to  100.     Details  in  Part  V. 

Composition. — Olein,  76  per  cent.,  stearin  and  palmitin. 

Remarks. — The  sources  of  this  oil  will  be  studied  in  other  places. 
Sweet  almond  in  this  chapter  (p.  735)  and  bitter  almond  in  Chapter 
XLIII.  (p.  778).  A  large  amount  of  the  commercial  oil  of  sweet  almond 
is,  in  reality,  the  fixed  oil  expressed  from  peach  and  apricot  kernels, 
and  in  the  official  data  given  above  will  be  found  a  test  for  distin- 
guishing the  true  oil  from  these  substitutes. 

Medical  Properties. — Demulcent  and  laxative.  Used  in  cold 
cream  (p.  345),  emulsion  of  chloroform  (p.  270),  and  emulsion  of  oil  of 
turpentine  (p.  271). 

Dose. — 30  Cc.  (1  fluidounce). 

OLEUM   GOSSYPII   SEMINIS.     Cotton  Seed  Oil. 

A  fixed  oil  expressed  from  the  seeds  of  Gossypium  herbaceum  Linne,  or  of  other 
species  of  Gossypium  (Fam.  Malvacece),  and  subsequently  purified.  It  should  be  kept 
in  well-closed  containers. 

A  pale  yellow,  oily  liquid,  without  odor  and  having  a  bland,  nut-like  taste. 

Specific  gravity:  0.915  to  0.921  at  25°  C.  (77°  F.). 

Very  sparingly  soluble  in  alcohol,  but  readily  soluble  in  ether,  chloroform,  or 
carbon  disulphide. 

On  cooling  the  Oil  to  a  temperature  below  12°  C.  (53.6°  F.),  particles  of  solid 
fat  will  separate.  At  about  0°  to  —5°  C.  (32°  to  23°  F.)  the  Oil  becomes  nearly  or 
quite  solid. 

If  sulphuric  acid  (specific  gravity  1.6  to  1.7)  be  added  to  the  Oil,  preferably 
diluted  with  carbon  disulphide,  a  reddish-brown  color  is  rapidly  produced. 

If  6  Gm.  of  the  Oil  be  thoroughly  shaken  in  a  test-tube  for  about  ten  minutes  with 
a  mixture  of  1.5  Gm.  of  nitric  acid  and  0.5  Gm.  of  water,  then  heated  in  a  bath  of  boil- 
ing water  for  not  more  than  fifteen  minutes,  the  Oil  will  assume  an  orange  or  reddish- 
brown  color,  and  after  standing  for  twelve  hours  at  the  ordinary  temperature  will 
form  a  semisolid  mass. 

If  5  Cc.  of  the  Oil  be  thoroughly  shaken  in  a  test-tube  with  5  Cc.  of  an  alcoholic 
solution  of  silver  nitrate  (made  by  dissolving  0.1  Gm.  of  silver  nitrate  in  10  Cc.  of 
alcohol  and  adding  2  drops  of  nitric  acid),  and  if  the  mixture  be  heated  for  about  five 
minutes  on  a  water-bath,  the  Oil  will  assume  a  red  or  reddish-brown  color. 

If  2  Cc.  of  the  Oil  be  mixed  in  a  test-tube  with  2  Cc.  of  equal  volumes  of  amyl 
alcohol  and  carbon  disulphide  containing  1  per  cent,  of  sulphur  in  solution,  and  the 
test-tube  be  immersed  to  one-third  or  one-half  its  depth  in  boiUng  salt  water,  a  red 
color  will  develop  in  from  ten  to  fifteen  minutes. 

Tests  for  Identity. — Given  above. 
^Saponification  Number. — 191  to  196.     Details  in  Part  V. 

Iodine  Absorption  Number. — 102  to  108.     Details  in  Part  V. 

Remarks. — Cotton  seed  oil,  like  all  other  fixed  oils,  should  be  "cold 
pressed,"  that  is,  the  expression  of  the  oil  from  the  seed  should  be  done 
between  the  cold  plates  of  a  hydraulic  press  (p.  154).  In  order  to  in- 
crease the  output  of  their  product,  oil-pressers  frequently  express 
the  seed  between  heated  plates,  in  which  event  the  oil  contains  not 


DERIVATIVES   OF  THE   HIGHER   HYDROCARBONS  727 

only  the  liquid  fats  (olein),  but  also  the  solid  fats,  which  are  fused 
by  the  heated  plates.  Such  an  oil  is  a  limpid  liquid  in  warm  weather, 
but  on  cool  days  it  becomes  cloudy  and  unsightly,  the  filtration  of 
which  is  a  tedious  task. 

Any  pharmacist  who  has  regard  for  his  reputation  will  carefully 
avoid  use  of  such  an  oil  in  making  official  liniment  of  camphor  (p. 
273).  Whether  an  oil  is  cold  pressed  or  hot  pressed  can  be  easily 
tested  by  subjecting  a  small  vial  of  it  to  a  cool  temperature,  say  in  a 
refrigerator.  It  must  be  borne  in  mind,  however,  that  the  official  oil 
will  turn  cloudy  at  a  temperature  of  12°  C. ;  hence  in  applying  the  above 
test  the  temperature  should  not  be  below  40°  C. 

The  conversion  of  cotton  seed  oil  to  an  orange  semisolid  mass  by 
heating  with  nitric  acid  in  a  water-bath,  as  given  above  in  one  of 
the  official  tests,  constitutes  the  elaidin  reaction.  That  is,  the  olein 
(glyceryl  oleate)  of  the  oil  is  changed  into  elaidin,  the  glycerin  ester 
of  elaidic  acid,  described  on  p.  722.  The  same  reaction  takes  place 
with  most  fixed  oils  and  fats,  notably  with  lard  oil  and  lard,  and  has 
pharmaceutic  application  in  the  latter  case  in  the  manufacture  of 
citrine  ointment. 

As  mentioned  on  p.  725,  cotton  seed  oil  is  largely  used  as  an  adulte- 
rant of  olive  oil. 

As  far  as  health  is  concerned,  it  is  as  good  as  olive  oil,  and  it 
seems  absurd  to  pay  large  prices  for  it  simply  because  of  its  trip  to 
Italy  and  its  return  in  an  olive-oil  bottle.  To  do  away  with  this 
sham  as  much  as  possible,  the  pharmacopoeia  has  directed  its  use  in 
many  preparations  formerly  calling  for  olive  oil. 

Thus  it  is  used  in  making  liniment  of  ammonia — ammonia  water 
350  Cc,  alcohol  50  Cc,  cotton  seed  oil  570  Cc,  oleic  acid  30  Cc,  mix 
(p.  272)  and  in  camphorated  oil  (p.  273). 

Medical  Properties. — Demulcent  and  laxative. 

Dose. — 16  Cc.  (4  fiuidrachms). 

OLEUM  LINI.    Linseed  OU. 

A  fixed  oil  expressed  from  Linseed.  It  should  be  kept  in  well-stoppered  con- 
tainers.    Linseed  Oil  which  has  been  "boiled"  should  not  be  used  nor  dispensed. 

A  yellowish,  oily  liquid,  having  a  peculiar  odor  and  a  bland  taste.  When  ex- 
posed to  the  air,  it  gradually  thickens,  darkens  in  color,  and  acquires  a  strong  odor 
and  taste;  if  spread  in  a  thin  layer  on  a  glass  plate  and  allowed  to  stand  in  a  warm 
place,  it  is  gradually  converted  into  a  hard,  transparent  resin  (absence  of  non-drying 
oils). 

Specific  gravity:  0.925  to  0.935  at  25°  C.  (77°  F.). 

It  does  not  congeal  at  temperatures  above  — 20°  C.  ( — 4°  F.). 

It  is  soluble  in  about  10  parts  of  absolute  alcohol,  and  in  all  proportions  in  ether, 
chloroform,  petroleum  benzin,  carbon  disulphide,  and  oil  of  turpentine. 

It  should  not  more  than  slightly  redden  blue  Utmus-paper  previously  moistened 
with  alcohol  (limit  of  free  add). 

The  Oil  should  be  completely  saponifiable  with  alcoholic  potassium  hydroxide 
T.S.,  and  the  resulting  soap  should  be  completely  soluble  in  water  without  leaving 
an  oily  residue  (absence  of  mineral  oils  and  rosin  oil). 

If  2  Cc.  of  the  Oil  be  warmed  and  shaken  in  a  test-tube  with  an  equal  volume 
of  glacial  acetic  acid,  and  if  to  this  mixture,  after  cooling,  1  drop  of  sulphuric  acid 
be  added,  a  greenish  color  should  be  produced  (a  violet  color  under  these  circum- 
stances indicates  the  presence  of  rosin  or  rosin  oils). 

Tests  for  Identity. — See  above. 

Impurities. — Non-drying  oils,  free  acids,  mineral  oils,  rosin  oil,  and 
rosin.     Details  above. 
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Saponification  Number. — 187  to  195.     Details  in  Part  V. 

Iodine  Absorption  Number. — Not  less  than  170.    Details  in  Part  V. 

Composition. — Glycerides  of  linoleic  acid,  linolenic  acid,  and  iso- 
linolenic  acid.     (See  p.  723.) 

Remarks. — The  official  oil  is  what  is  commercially  termed  "raw 
oil";  that  is,  the  oil  just  as  it  emerges  from  the  press.  For  painting 
purposes  the  raw  oil  is  cooked  with  litharge,  thereby  enhancing  its 
"drying"  qualities.  Such  oil  is  called  "boiled  oil,"  and  the  pharma- 
copoeial  definition  given  above  gives  special  warning  against  the  use 
of  such  boiled  oil  in  medicine.  As  the  boiled  oil  is  more  important  in 
commerce  than  the  raw  oil,  the  pharmacist  should  be  sure  to  specify 
"raw  oil"  in  buying. 

Linseed  oil  is  a  "drying  oil."  It  contains,  instead  of  olein,  a 
similar  body,  linolein,  which,  however,  differs  from  the  former  by 
oxidizing  to  a  solid,  linoxyn.  Hence  on  being  dropped  or  spread  on  a 
board,  it  eventually  hardens  into  a  protective  surface,  and,  accordingly, 
it  and  the  other  drying  oils  are  of  value  in  painting;  for  which  purposes 
the  non-drying  oils  are  unfitted. 

It  will  be  noticed  among  the  tests  for  linseed  oil  given  above  that 
linseed  oil  is  adulterated  with  mineral  oils  (various  grades  of  refined 
petroleum)  and  with  rosin  or  rosin  oil;  the  latter,  the  product  of  the 
destructive  distillation  of  rosin,  is  rapidly  becoming  an  important 
article  of  commerce. 

Medical  Properties. — Demulcent  and  laxative.  A  constituent  of 
carrori  oil — mix  equal  volumes  of  linseed  oil  and  lime  water  (p.  272). 

Dose. — 30  Cc.  (1  fluidounce). 

OLEUM   RICINI.     Castor  OIL 

A  fixed  oil  expressed  from  the  seed  of  Ricinus  communis  Linn6  (Fam.  Euphor- 
biaceoe).     It  should  be  kept  in  well-stoppered  containers. 

A  pale  yellowish  or  almost  colorless,  transparent,  viscid  liquid,  having  a  faint, 
mild  odor,  and  a  bland,  afterward  slightly  acrid  and  generally  offensive  taste. 

Specific  gravity:  0.945  to  0.965  at  25°  C.  (77°  F.). 

Soluble  in  an  equal  volume  of  alcohol,  and  in  all  proportions  in  absolute  alcohol 
or  in  glacial  acetic  acid;  also  soluble,  at  25°  C.  (77°  F.),  in  3  times  its  volume  of  92.5 
per  cent,  alcohol  (absence  of  more  than  about  5  per  cent,  of  m^st  other  fixed  oils). 

With  an  equal  volume  of  petroleum  benzin  it  forms  at  15°  C.  (59°  F.)  a  turbid 
mixture,  but  at  17°  C.  (62.6°  F.)  it  yields  a  clear  solution. 

When  cooled  to  0°  C.  (32°  F.)  it  becomes  turbid,  with  the  separation  of  crystal- 
line flakes,  and  at  about  — 18°  C.  ( — 0.4°  F.)  it  congeals  to  a  yellowish  mass. 

If  3  Cc.  of  the  Oil  be  shaken  for  a  few  minutes  with  3  Cc.  of  carbon  disulphide  and 
1  Cc.  of  sulphuric  acid,  the  mixture  should  not  acquire  a  blackish-brown  color  (absence 
of  foreign  oUs). 

Tests  for  Identity. — See  above. 

Impurities. — Other  fixed  oils.     Details  above. 

Saponification  Number. — 179  to  183.     Details  in  Part  V. 

Iodine  Absorption  Number. — 84  to  89.     Details  in  Part  V. 

Composition. — Note  that  the  olein  of  this  oil  is  the  glyceryl  ester 
of  ricinoleic  acid  (p.  723). 

Remarks. — Castor  oil  is  one  of  the  few  fixed  oils  which  is  freely 
soluble  in  official  alcohol.  For  this  reason  it  is  useful  as  the  greasy 
constituent  of  hair-lotions. 

Medical  Properties. — Valuable  purgative.     The  only  drawback  to 
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the  administration  of  the  oil  is  the  disgust  it  usually  excites,  hence  a 
disguised  form  is  often  demanded.  The  best  method  of  administra- 
tion is  in  sarsaparilla  soda-water,  the  following  points  being  carefully 
executed.  First,  put  about  fifteen  drops  of  compound  tincture  of 
cardamom  in  a  clean  dry  glass,  twisting  the  glass  so  that  its  complete 
interior  is  moistened  with  this  aromatic.  Then  add  an  ounce  of  regular 
soda  fountain  sarsaparilla  syrup  and  squirt  in  the  soda-water  with  the 
fine  stream.  Of  course,  this  will  produce  a  large  amount  of  foam,  and 
at  this  juncture  pour  in  the  dose  of  oil,  carefully  avoiding  contact  with 
the  sides  of  the  glass.  Thus  poured  in,  the  oil  will  float  between  the 
bottom  layer  of  the  sarsaparilla  soda  and  the  foam  on  top,  and,  as  the 
mixture  is  swallowed,  the  foam  first  and  the  soda-water  last,  convey 
to  the  tongue  and  the  palate  so  decided  a  flavor  that  the  oil  slips  down 
almost  unnoticed.  The  compound  tincture  of  cardamom  is  an  essen- 
tial, as  it  not  only  serves  to  keep  the  oil  from  sticking  to  the  glass, 
but,  moreover,  by  its  aromatic  odor  and  taste,  does  much  in  disguising 
the  disagreeable  odor  and  taste  of  the  oil. 

Dose. — 16  Cc.  (4  fluidrachms). 

The  so-called  "castor  oil  capsules" — that  is,  the  small  ones  of 
hard  gelatin  holding  about  15  minims — are  not  to  be  recommended, 
as  their  purgative  action  is  due  to  substances  added  to  the  castor  oil, 
such  as  croton  oil  or  podophyllin. 

OLEUM   TIGLII.     Croton  OH 

A  fixed  oil  expressed  from  the  seeds  of  Croton  Tiglium  Linn6  (Fam.  Euphor- 
biacece).  It  should  be  kept  in  small,  well-stoppered  bottles,  and  should  be  handled 
with  caution. 

A  pale  yellow  or  brownish-yellow,  somewhat  viscid,  and  slightly  fluorescent 
liquid,  having  a  slight  fatty  odor,  and  a  mild,  oily,  afterward  acrid  and  burning 
taste  (great  caution  is  necessary  in  tasting). 

When  applied  to  the  skin  it  produces  rubefaction  or  a  pustular  eruption. 

Specific  gravity:  0.935  to  0.950  at  25°  C.  (77°  F.). 

It  reddens  blue  litmus-paper  moistened  with  alcohol. 

When  fresh  it  is  soluble  in  from  55  to  60  parts  of  alcohol,  the  solubility  increasing 
by  age;  freely  soluble  in  ether,  chloroform,  carbon  disulphide,  and  in  fixed  or  volatile 
oils. 

When  gently  heated  with  twice  its  volume  of  absolute  alcohol,  it  forms  a  clear 
solution  from  which  the  Croton  Oil  should  separate  on  cooling. 

If  to  2  Cc.  of  Croton  Oil  1  Cc.  of  fuming  nitric  acid  and  1  Cc.  of  water  be  added, 
and  the  mixture  vigorously  shaken,  it  should  not  solidify  either  completely  or  par- 
tially, after  standing  for  one  or  two  days  (absence  of  other  non-drying  oils). 

Tests  for  Identity. — Details  above. 

Impurities. — Other  non-drying  oils.     Details  above. 

Saponification  Number. — 203-215.     Details  in  Part  V. 

Iodine  Absorption  Number. — 103-109.     Details  in  Part  V. 

Composition. — Glycerides  of  tiglinic  (methyl-crotonic),  acetic, 
butyric,  valerianic,  stearic,  palmitic,  laurinic,  myristic,  crotonic, 
oleic,  and  formic  acids.     A  resin-like  blistering  substance,  crotonol, 

Medical  Properties. — A  powerful  purgative,  used  only  m  cases  of 
last  resort,  when  all  other  purgatives  have  failed,  its  action  being  too 
violent  for  general  use.  It  is  a  vesicant,  producing  blisters  on  applica- 
tion to  the  skin. 
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It  is  usually  administered  internally  in  the  form  of  pills,  the  oil 
being  solidified  by  use  of  crumb  of  bread. 
Dose. — ^-^  Cc.  (1  minim). 

OLEUM   THEOBROMATIS.     Oil  of  Theobroma. 

A  fixed  oil  expressed  from  the  roasted  seeds  of  Theobroma  Cacao  Linn6  (Fam. 
Sterculiacece) . 

A  yellowish-white  solid,  having  a  faint,  agreeable  odor,  and  a  bland,  chocolate- 

Specific  gravity:  0.970  to  0.976  at  25°  C.  (77°  F.). 

Oil  of  Theobroma  should  be  brittle  at  temperatures  below  15°  C.  (59°  F.),  and 
should  melt  at  30°  to  35°  C.  (86°  to  95°  F.)  to  a  clear  hquid. 

It  is  readily  soluble  in  ether,  chloroform,  or  benzene;  also  soluble  in  100  parts  of 
cold  absolute  alcohol  and  in  20  parts  of  boiling  absolute  alcohol;  the  solutions  should 
be  neutral  to  test-paper. 

If  1  Gm.  of  Oil  of  Theobroma  be  dissolved  in  3  Cc.  of  ether  in  a  test-tube  at  a 
temperature  of  17°  C.  (62.6°  F.),  and  the  tube  frequently  plunged  into  water  at  0°  C. 
(32°  F.),  the  liquid  should  not  become  turbid  nor  deposit  white  flakes  in  less  than 
three  minutes;  and  if  the  mixture  after  congealing  be  again  brought  to  15°  C.  (59°  F.), 
it  should  gradually  form  a  perfectly  clear  liquid  (absence  of  wax,  stearin,  tallow,  etc.). 

Tests  for  Identity. — Details  above. 

Impurities. — Wax,  stearin,  tallow.     Details  given  above. 

Saponification  Number. — 188  to  195.     Details  in  Part  V. 

Iodine  Absorption  Number. — 33  to  38.     Details  in  Part  V. 

Composition. — Glycerides  of  oleic,  lauric,  palmitic,  stearic,  and 
arachic  acids. 

Remarks. — Oil  of  theobroma  is,  chemically  and  physically,  just 
between  the  oils  and  fats.  While  a  hard  solid  at  ordinary  tempera- 
tures, the  heat  of  the  body  is  sufficient  to  melt  it — to  convert  it  to  a 
liquid.  This  valuable  property  suggested  to  Mr.  A.  B.  Taylor  its 
use  as  a  basis  for  suppositories,  every  other  fat  melting  at  so  low  a 
temperature  being  a  soft,  sticky  mass  at  ordinary  temperatures. 

Note  that  the  common  term  "cocoa-butter"  is  replaced  in  the 
pharmacopoeia  by  the  more  accurate  "butter  of  cacao"  (the  latter 
word  being  pronounced  as  if  spelled  "ka-ka-o").  This  step  relieves 
the  confusion  arising  from  the  fact  that  three  different  plants  have 
been  given  very  similar  names.     These  plants  and  products  are: 

Cacao  (cocoa)  and  butter  of  cacao  from  Theobroma  Cacao,  the 
chocolate  plant. 

Coconut,  from  Cocis  nucifera,  the  coconut  palm. 

Coc^leaves,  from  Erythroxylon  Coca,  the  coca  shrub. 
Hence  the  necessity  of  learning  to  say  "cacao,"  for  otherwise  one  is 
sure  to  confound  the  plant  yielding  chocolate  and  oil  of  theobroma 
with  the  coconut  palm  or  with  the  coca  tree. 

Medical  Uses. — Suppository  base.     Emollient  for  chapped  hands. 

OLEUM   ADIPIS.     Lard  Oil. 

A  fixed  oil  expressed  from  lard  at  a  low  temperature. 

A  colorless  or  pale  yellow,  oily  liquid,  having  a  peculiar  odor  and  a  bland  taste. 

Specific  gravity:  0.905  to  0.915  at  25°  C.  (77°  F.). 

At  a  temperature  a  Httle  below  10°  C.  (50°  F.)  it  usually  commences  to  deposit 
a  white,  granular  fat,  and  at  or  near  0°  C.  (32°  F.)  it  forms  a  solid  white  mass. 

Lard  oil  is  almost  insoluble  in  cold  alcohol  and  only  slightly  soluble  in  boiling 
alcohol;  easily  soluble  in  ether,  chloroform,  benzene,  and  carbon  disulphide. 
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If  5  Cc.  of  the  Oil  be  thoroughly  shaken  in  a  test-tube  with  5  Cc.  of  an  alcoholic 
solution  of  silver  nitrate  (made  oy  dissolving  0.1  Gm.  of  silver  nitrate  in  10  Cc.  of 
alcohol,  and  adding  2  drops  of  nitric  acid),  and  the  mixture  heated  for  about  five 
minutes  on  a  water-bath,  the  Oil  should  remain  nearly  or  quite  colorless,  not  acquir- 
ing a  reddish  or  brown  color  (absence  of  more  than  about  5  per  cent,  of  cotton  seed 
oil). 

Tests  for  Identity. — Given  above. 

Impurities. — Cotton  seed  oil  (silver  nitrate  test  and  amyl-alcohol- 
sulphur  test  given  under  Olive  Oil),  mineral  oils  (saponification  test 
given  under  Linseed  Oil). 

Saponification  Number. — 195  to  197.     Details  in  Part  V. 

Iodine  Absorption  Number. — 56  to  74.     Details  in  Part  V. 

Composition. — Olein,  some  linolein,  stearin  and  palmitin,  the 
amount  of  these  solids  varying  from  very  little  in  the  best  "  winter 
strained  oil,"  to  large  amounts  v^^hen  oil  has  been  carelessly  pressed. 

Remarks. — Note  that  the  pharmacopcsia  specifies  that  this  oil  be 
expressed  from  lard  at  a  low  temperature.  Instead  of  calling  it,  as  in 
the  case  of  castor  oil,  "cold  pressed,"  this  cold  pressed  lard  oil  is  called 
in  commerce  ^'winter  strained,^'  the  two  terms  meaning  practically  the 
same  thing. 

Lard  oil,  like  linseed  oil,  is  largely  adulterated  with  various  petro- 
leum oils;  hence  the  pharmacopoeial  test  for  mineral  oils.  It  was 
chiefly  the  presence  of  these  mineral  oils  that  made  difficult  the  manu- 
facture of  citrine  ointment  from  lard  oil,  as  directed  by  U.  S.  P.  1890, 
and  for  this  reason  the  ointment  of  U.  S.  P.  VIII.  is  made  from  lard. 

Medical  Properties. — Emollient.     Used  chiefly  as  ointment  base. 

OLEUM  MORRHU^.     Cod  Liver  Oil. 

A  fixed  oil  obtained  from  the  fresh  livers  of  Gadus  morrhua  Linne,  and  of  other 
species  of  Gadus.  It  should  be  kept  in  a  cool  place,  in  well-stoppered  bottles,  which 
have  been  thoroughly  dried  before  filling. 

A  pale  yellow,  thin,  oily  liquid,  having  a  peculiar,  slightly  fishy,  but  not  rancid 
odor,  and  a  bland,  fishy  taste. 

Specific  gravity:  0.918  to  0.922  at  25°  C.  (77°  F.). 

Very  sUghtly  soluble  in  alcohol,  but  readily  soluble  in  ether,  chloroform,  or  carbon 
disulphide;  also  in  2.5  parts  of  acetic  ether. 

n  1  drop  of  the  Oil  oe  dissolved  in  20  drops  of  chloroform  and  the  solution  shaken 
with  1  drop  of  sulphuric  acid,  the  solution  will  acquire  a  violet-red  tint,  rapidly 
changing  to  rose-red  and,  finally,  brownish-yellow. 

If  a  glass  rod  moistened  with  sulphuric  acid  be  drawn  through  a  few  drops  of 
the  Oil,  on  a  porcelain  plate,  a  violet  color  will  be  produced. 

Cod  Liver  Oil  should  be  only  very  slightly  acid  to  blue  litmus-paper  which  has 
been  previously  moistened  with  alcohol  (limit  of  free  fatty  acids). 

If  2  or  3  drops  of  fuming  nitric  acid  be  allowed  to  flow  alongside  of  10  or  15  drops 
of  the  Oil,  contained  in  a  watch-glass,  a  red  color  will  be  produced  at  the  point  of 
contact.  On  stirring  the  mixture  with  a  glass  rod,  this  color  becomes  brignt  rose- 
red,  soon  changing  to  lemon-yellow  (distinction  from  seal  oil,  which  shows  at  first 
no  change  of  color,  and  from  other  fish  oils,  which  become  at  first  blue  and  afterward 
brown  and  yellow). 

Tests  for  Identity. — Impurities,  free  fatty  acids,  seal  oil,  and  other 
fish  oils. 

Saponification  Number. — 175  to  185.     Details  in  Part  V. 

Iodine  Absorption  Number. — 140  to  150.     Details  in  Part  V. 

Manufacture. — The  oil  is  separated  from  fresh  livers  either  by 
exposing  to  sun,  when  oil  exudes;  by  slowly  heating  on  steam  bath;  or 
by  boiling  with  water  and  skimming  off  the  separated  oil. 


732  PRINCIPLES  OF   PHARMACY 

Composition. — Olein,  little  palmitin  and  stearin,  traces  bromides 
and  iodides,  cholesterin,  and  some  animal  decomposition  products 
(alkaloids). 

Remarks. — The  best  grade  of  cod  liver  oil  is  that  obtained  from  the 
fisheries  on  the  coast  of  Norway,  although  some  grades  of  Newfound- 
land oil  are  of  fair  quality.  The  commercial  oil  is  frequently  adulter- 
ated with  other  fish  oils;  hence  the  nitric  acid  color  test  provided  by 
the  pharmacopoeia.  The  keeping  of  cod  liver  oil  deserves  more  care 
than  is  usually  bestowed  upon  it  by  the  pharmacist,  hence  the  pharma- 
copoeial  injunction  as  to  storing  should  be  followed  unless  the  druggist 
is  willing  to  dispense  a  rankly  smelling  and  tasting,  partly  decomposed 
product. 

The  efforts  of  some  manufacturers  to  dispense  a  cod  liver  oil 
product  minus  the  oil,  such  as  the  numerous  wines  of  cod  liver  oil, 
is  an  example  of  the  play  Hamlet  with  the  hero  Hamlet  omitted;  for 
it  is  now  considered  by  the  leading  therapeutists  that  the  entire 
medicinal  value  of  the  oil  is  because  of  its  nutritive  value,  and  that  the 
so-called  "active  principles,"  variously  called  gaduol,  morrhuol,  etc., 
are  worse  than  useless.  These  substances,  usually  extracts  prepared 
by  shaking  the  oil  with  alcohol,  separating  the  alcoholic  layer,  and 
distilling  off  the  solvent,  when  redissolved  in  aromatized  alcoholic 
liquors,  form  the  elixirs  and  wines  of  cod  liver  oil. 

Medical  Properties. — Demulcent,  nutritive  in  wasting  diseases. 
Best  administered  as  emulsions  (p.  271).  Of  these,  emulsion  of  cod 
liver  oil  and  emulsion  of  cod  liver  oil  with  hypophosphites  are  official. 

Dose. — 16  Cc.  (4  fluidrachms). 

ADEPS.     Lard. 

The  prepared  internal  fat  of  the  abdomen  of  the  hog  (Sus  scrofa,  var.  domesticus 
Gray),  purified  by  washing,  melting,  and  straining.  It  should  be  kept  in  well-closed 
vessels  impervious  to  fat,  in  a  cool  place. 

A  soft,  white,  unctuous  solid,  having  a  faint  odor  free  from  rancidity,  and  a 
bland  taste. 

Insoluble  in  water;  very  slightly  soluble  in  alcohol;  readily  soluble  in  ether, 
chloroform,  carbon  disulphiue,  or  petroleum  benzin. 

Specific  gravity:  about  0.917  at  25°  C.  (77°  F.)  and  about  0.904  at  40°  C.  (104° 
F.),  water  at  25°  C.  (77°  F.)  taken  as  the  standard. 

It  melts  at  38°  to  40°  C.  (100.4°  to  104°  F.)  to  a  perfectly  clear  liquid,  which  is 
colorless  in  thin  layers  and  from  which  an  aqueous  layer  should  not  separate. 

Distilled  water  boiled  with  Lard  should  not  acquire  an  alkaline  reaction  (absence 
of  alkalis).  A  portion  of  the  water,  when  filtered,  acidulated  with  nitric  acid  and 
treated  with  silver  nitrate  T.S.,  should  not  yield  a  white  precipitate  soluble  in  am- 
monia water  (absence  of  chlorides). 

If  10  Gm.  of  Lard  be  dissolved  in  chloroform,  and  the  solution  mixed  with  10  Cc. 
of  alcohol  and  1  drop  of  phenolphthalein  T.S.,  it  should  not  require  more  than  0.2  Cc. 
of  normal  potassium  hydroxide  V.S.  to  produce  a  pink  tint  after  strongly  shaking 
(limit  of  free  fatty  acids). 

Tests  for  Identity. — Given  above. 

Impurities. — Alkalis,  chlorides,  excess  of  fatty  acids.  Details 
above.  Cotton  seed  oil.  (Haliphen  and  silver  nitrate  tests  given 
under  Olive  Oil.) 

Composition. — Olein  (lard  oil),  60  per  cent.;  palmitin  and  stearin, 
40  per  cent. 

Remarks. — Note  that,  according  to  the  rule  laid  down  when  dis- 
cussing fats  (p.  723),  whether  a  fat  is  liquid  or  solid  depends  on  the 
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relative  amount  of  olein  and  stearin  it  contains.  Olive  oil  is  almost 
pure  olein;  suet,  which  is  hard,  is  almost  pure  stearin,  while  lard,  which 
is  half-and-half,  is  semisolid. 

The  solid  fat  of  cotton  seed  oil  is  used  for  adulterating  lard,  and 
the  pharmacopoeial  test  for  this  impurity  is  given  above. 

Medical  Properties. — Emollient  and  ointment  base.  Now  used 
instead  of  lard  oil  in  making  citrine  ointment  (p.  620). 

ADEPS   BENZOINATUS.     Benzoinated  Lard. 

Recipe. — Lard,  one  thovsand  grammes 1000  Gm. 

Benzoin,  in  coarse  powder,  twenty  grammes 20  Gm. 

Add  the  Benzoin  to  the  Lard  and  mix  thoroughly;  then  melt  the  Lard  by  means 
of  a  watei-bath,  and,  stirring  frequently,  continue  the  heat  for  two  hours,  covering 
the  vessel  and  not  allowing  the  temperature  to  rise  above  60°  C.  (140°  F.)-  Lastly, 
strain  the  liquid  through  muslin  and  stir  occasionally  while  it  cools. 

When  Benzoinated  Lard  is  to  be  kept  or  used  during  warm  weather,  5  per  cent, 
(or  more,  if  necessary)  of  the  Lard  should  be  replaced  by  White  Wax. 

Remarks. — It  will  be  seen  that  this  official  is  made  by  digesting 
ground  benzoin  in  melted  lard,  and  not  by  mixing  lard  with  tincture 
of  ben25oin,  as  the  writer  has  known  some  careless  druggists  to  do. 
Lard  rapidly  turns  rancid,  and  the  benzoin  is  added  to  hinder  the 
decomposition. 

SEVUM   PRiEPARATUM.     Prepared  Suet. 

[Sevum,  Pharm.  1890] 

The  internal  fat  of  the  abdomen  of  the  sheep  Ovis  aries  Linne,  purified  by  melting 
and  straining. 

Prepared  Suet  should  be  kept  in  well-closed  vessels  impervious  to  fat.  It  should 
not  be  used  after  it  has  become  rancid. 

A  white,  solid  fat,  nearly  inodorous,  and  having  a  bland  taste  when  fresh,  but 
becoming  rancid  on  prolonged  exposure  to  the  air. 

Insoluble  in  water  or  cold  alcohol;  soluble  in  44  parts  of  boiling  alcohol,  in  about 
60  parts  of  ether,  and  slowly  in  2  parts  of  petroleum  benzin.  From  its  solution  in  the 
latter,  when  kept  in  a  stoppered  flask,  it  slowly  separates  in  a  crystalline  form  on 
standing. 

An  alcoholic  solution  of  Prepared  Suet  is  neutral  or  has  only  a  slight  acid  reaction 
upon  litmus-paper  moistened  with  alcohol. 

Prepared  Suet  melts  between  45°  and  50°  C.  (113°  and  122°  F.),  and  congeals 
between  37°  and  40°  C.  (98.6°  and  104°  F.). 

Composition. — Stearin  and  palmitin,  70  per  cent. ;  olein,  30  per  cent. ; 
herein,  a  trace. 

Remarks. — Suet  turns  rancid  even  more  rapidly  than  lard.  Borrell 
found  that  when  melted  suet  was  digested  with  elm  bark  the  resulting 
"ulmated  suet"  kept  quite  well. 

Medical  Properties. — Used  for  thickening  cerates. 

ADEPS  LAN^.    Wool-Fat. 

The  purified  fat  of  the  wool  of  sheep  {Ovis  aries  Linn^)  freed  from  water. 

A  hght  yellowish,  tenacious,  unctuous  mass,  having  a  slight,  peculiar  odor. 

Insoluble  in,  but  miscible  with,  large  quantities  of  water,  sparingly  soluble  m 
cold  alcohol,  more  soluble  in  hot  alcohol,  readily  soluble  in  ether  and  chloroform. 

Wool-Fat  melts  at  about  40°  C.  (104°  F.),  and  at  a  higher  temperature  vaporizes, 
the  vapor  igniting  and  burning  with  a  luminous,  sooty  flame. 
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The  solution  of  Wool-Fat  in  chloroform  (1  in  50),  when  poured  upon  the  surface 
of  concentrated  sulphuric  acid,  gradually  develops  a  deep  brownish-red  color  at  the 
line  of  contact  of  the  layers. 

When  Wool-Fat  is  incinerated  it  should  leave  not  more  than  0.3  per  cent,  of  ash, 
which  should  not  show  an  alkaline  reaction  to  litmus-paper  (freedom  from  alkalis). 

If  2  Gm.  of  Wool-Fat  be  dissolved  in  10  Cc.  of  ether,  and  2  drops  of  phenol- 
phthalein  T.S.  added,  a  colorless  liquid  should  be  obtained  (absence  of  free  alkalis), 
which,  on  the  addition  of  1  drop  of  normal  potassium  hydroxide  V.S.,  should  develop 
a  deep  red  color  (absence  of  free  fatty  adds). 

If  1  Gm.  of  Wool-Fat  be  boiled  with  20  Cc.  of  alcohol,  and  the  solution  filtered 
after  cooling,  the  filtrate  should  not  be  rendered  turbid  by  the  addition  of  an  alcoholic 
solution  of  silver  nitrate  (1  in  20)  (absence  of  chlorides). 

If  10  Gm.  of  Wool-Fat  be  heated  with  50  Cc.  of  water  on  a  bath  of  boihng  water 
until  completely  fused,  the  lower  aqueous  layer,  when  filtered  through  a  well-wetted 
filter,  should  not  yield  glycerin  on  evaporation,  and  when  boiled  with  potassium 
hydroxide  T.S.  it  should  not  give  off  vapors  of  ammonia  (absence  of  organic  nitrog- 
enoiis  matter). 

Tests  for  Identity. — Given  above. 

Impurities. — Alkalis,  free  fatty  acids,  chlorides,  glycerin,  and 
organic  nitrogenous  matter.     Details  above. 

Manufacture. — Crude  suint  (the  alkaline  washings  from  sheep-wool) 
is  treated  with  acid,  thereby  liberating  the  fatty  acid  combination  of 
cholesterin  and  isocholesterin,  and  also  30  per  cent,  free  fatty  acid. 
The  fatty  mixture  is  then  treated  with  caustic  alkali,  which  saponifies 
the  free  fats  and  emulsifies  the  cholesterin  compounds.  The  mixture 
is  centrifuged,  when  the  cholesterin  compounds  separate  as  cream 
and  are  thus  removed  from  bad-smelling  fatty  acids. 

Composition. — A  mixture  of  the  esters  of  oleic,  stearic,  palmitic, 
cerotic,  caproic,  butyric,  and  isovaleric  acids  with  the  cholesterins 
and  some  ceryl  alcohol.  It  contains  no  glyceryl  compounds,  as  do 
most  fats. 

RemarJcs. — The  fat  of  sheep-wool  has  already  been  considered  as 
suint,  under  the  head  of  the  Potassium  Salts  (p.  431). 

Purified  suint  was  introduced  in  modern  medicine  under  the 
copyrighted  name  lanolin,  and  since  its  introduction  has  enjoyed 
great  popularity,  because  of  the  fact  that  it  is  more  readily  absorbed 
by  the  pores  of  the  skin  than  lard  or  other  fats. 

It  readily  absorbs  water,  and  when  combined  with  30  per  cent, 
of  that  fluid,  it  forms  the  official  hydrous  wool-fat. 

ADEPS  LAN^   HYDROSUS.      Hydrous  Wool -fat. 

The  purified  fat  of  the  wool  of  sheep  {Ovis  aries  Linn6),  mixed  with  not  more 
than  30  per  cent,  of  water. 

A  yellowish-white,  or  nearly  white,  ointment-like  mass,  having  a  slight,  peculiar 
odor. 

Insoluble  in  water,  but  miscible  with  twice  its  weight  of  the  latter,  without  losing 
its  ointment-like  character.  With  ether  or  chloroform  it  yields  turbid  solutions  which 
are  neutral  to  moistened  litmus-paper. 

Hydrous  Wool-Fat  melts  at  about  40°  C.  (104°  F.),  and  separates  into  an  upper 
oily  and  a  lower  aqueous  layer.  When  heated  on  a  water-bath,  with  stirring  until 
it  ceases  to  lose  weight,  there  should  remain  not  less  than  70  per  cent,  of  a  residue, 
which  is  transparent  when  melted,  and  when  cold  remains  as  a  yellowish,  tenacious, 
unctuous  mass,  completely  soluble  in  ether  or  chloroform,  and  only  sparingly  soluble 
in  alcohol.  If  Hydrous  Wool-Fat  be  thus  deprived  of  water,  it  should  respond  to  the 
tests  given  under  Adeps  Lana>.. 

Manufacture. — Made  by  melting  wool-fat,  gradually  adding  30 
per  cent,  warm  water,  and  triturating  until  cool. 
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Medical  Properties. — Emollient  and  ointment  base.  Used  in  the 
following  official  ointments:  Belladonna,  ammoniated  mercury,  yellow 
mercuric  oxide,  red  mercuric  oxide,  and  stramonium. 

DRUGS  CONTAINING  FIXED  OILS 

Fixed  oils  are  usually  found  in  the  seed  of  plants,  although  there 
are  some  exceptions.  Thus  butternut  bark  (juglans,  U.  S.  P.  1890) 
contains  appreciable  quantities  of  fixed  oil.  In  many  official  seeds, 
such  as  strophanthus  (p.  714),  the  fixed  oil  is  of  importance  only  be- 
cause its  presence  is  a  source  of  annoyance  in  making  pharmaceutic 
preparations;  hence  in  this  chapter  we  will  discuss  only  those  drugs 
that  owe  their  entire  therapeutic  value  to  the  fixed  oil  they  contain. 

The  mustards  (white  or  black)  will  be  considered  under  the  sulpho- 
cyanates  (p.  746),  since  their  activity  is  due  to  their  sulphurated 
volatile  oils. 

Bitter  almond  will  be  considered  under  henzaldehyde,  since  its  active 
principle,  the  volatile  oil,  is  composed  chiefly  of  that  body. 

AMYGDALA  DULCIS.     Sweet  Almond. 

The  ripe  seed  of  Prunus  Amygdalus  Stokes,  var.  dulcis  De  CandoUe  (Fam. 
Rosaceoe). 

Constituents. — Fixed  oil,  50  per  cent,  (expressed  oil  of  almond, 
U.  S.  P.);  albumin,  25  per  cent.;  the  ferment  emulsin;  asparagin.  No 
amygdalin. 

Remarks. — Since  sweet  almond  contains  no  amygdalin,  no  volatile 
oil  nor  hydrocyanic  acid  odor  is  produced  on  moistening  the  seed, 
even  though  the  ferment,  emulsin,  is  present.  Almonds  are  blanched 
by  removing  the  scurfy  seed-coat.  This  is  accomplished  by  immers- 
ing them  in  hot  water  for  a  few  minutes,  when  the  coat  can  be  easily 
slipped  off!  • 

Medical  Properties. — Demulcent.  Used  in  emulsion  of  sweet 
almond,  U.  S.  P.  (p.  268). 

LINUM.     Linseed.     Flaxseed. 

The  ripe  seed  of  Linum  usitatissimum  Linn6  (Fam.  Linacece). 

Ground  Linseed  (Linseed  Meal  or  Flaxseed  Meal)  should  be  recently  prepared 
and  free  from  unpleasant  or  rancid  odor.  It  is  a  grayish-yellow  powder  containing 
brownish  fragments,  and  when  exhausted  by  carbon  disulphide  should  yield  not  less 
than  30  per  cent,  of  a  fixed  oil,  all  of  which  is  saponifiable. 

If  0.1  Gm.  of  ground  Linseed  be  mixed  with  20  Cc.  of  water  and  the  mixture 
heated  to  boiling,  then  cooled  and  diluted  with  cold  water  to  100  Cc,  the  addition  of 
0.5  Cc.  of  iodine  I'.S.  should  not  produce  more  than  a  pale  blue  color  (limit  of  starch). 

Constituents. — Fixed  oil,  30  per  cent. ;  (oleum  lini,  U.  S.  P.)  mucilage, 
15  per  cent.  (CijHjoOjo);  albumin;  linamarin  (like  amygdalin),  etc. 

Remarks. — It  is  difficult  to  decide  whether  flaxseed  should  be 
grouped  among  the  mucilaginous  or  the  oleaginous  drugs. 

The  whole  seed  is  used  entirely,  because  of  the  mucilage,  while  in 
the  ground  seed  both  the  oil  and  the  mucilage  play  a  therapeutic  r61e. 
The  mucilage  of  the  seed  is  interesting,  as  being  found  entirely  in  the 
outer  layer  of  cells  of  the  testa;  hence  by  immersing  the  whole  seed 
in  water  all  the  mucilage  is  extracted. 
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Much  of  the  ground  flaxseed  of  commerce  is  the  seed  deprived  of 
part  or  all  of  its  oil;  hence  the  pharmacopoeial  test  given  above  requir- 
ing at  least  30  per  cent,  of  oil. 

Linseed  contains  some  starch,  but  not  large  amounts,  and  thus 
differs  from  most  of  the  adulterants  of  the  ground  seed.  Above  is 
given  the  pharmacopoeial  test  for  "limit  of  starch,"  the  test  having 
been  devised  by  Professor  J.  U.  Lloyd. 

Medical  Properties. — The  mucilage  (hence  the  unground  seed)  is 
demulcent.  Therefore  an  infusion  of  the  whole  seed  is  used  as  a 
basis  of  domestic  cough-mixtures,  while  a  thicker  solution  is  some- 
times used  as  a  bandolin  or  as  a  face  jelly,  although  for  this  purpose 
quince  seed  or  tragacanth  is  more  useful.  Ground  seed  mixed  with 
hot  water  to  thick  paste  forms  the  familiar  "flaxseed  poultice." 

PEPO.     Pepo.     Pumpkin  Seed. 

The  ripe  seed  of  Cucurbita  Pepo  Linn6  (Fam.  Ciumrhitaceoe). 

Constituent. — Fixed  oil,  20  to  40  per  cent.,  sugar,  starch.  Resin 
of  tenifuge  properties. 

Medical  Properties. — Tenifuge — expeller  of  tape-worm. 
Dose. — 30  Gm.  (1  ounce). 

LYCOPODIUM.     Lycopodium. 

The  spores  of  Lycopodium  davatum  Linne  or  of  other  species  of  Lycopodium 
(Fam.  Lycopodiaceoe). 

Constituents. — Fixed  oil,  50  per  cent. 

Remarks. — The  official  definition  of  lycopodium  is  "the  spores  of 
Lycopodium  davatum,"  etc.  The  spores  of  non-flowering  plants 
are  organs  midway  between  the  fruit  and  the  seed  of  flowering  species, 
though  there  is  ^  decided  difference  in  the  way  the  two  sprout  into 
new  plants. 

The  large  quantity  of  oil  contained  in  lycopodium  accounts  for 
its  mobility — its  smooth,  slippery  character — as  well  as  causing  the 
remarkably  quick  combustion  of  lycopodium  when  blown  into  a 
flame.  It  is  very  difficult  to  extract  the  oil  from  lycopodium,  as  it  is 
next  to  impossible  completely  to  break  the  walls  of  the  individual 
cell  which  forms  each  sporule.  By  long  contusion  with  sand  the 
result  may  be  reached. 

Because  of  its  mobility  it  is  called  ''witch-powder"  in  some  sections 
of  the  country. 

Medical   Properties. — Externally,    as    a    dusting-powder.     Its    use 
as  a  dusting-powder  for  pills  has  been  already  given. 

SOAPS 

Soaps  are  products  resulting  from  the  action  of  sodium  and  potas- 
sium hydroxide  on  oils  or  fats.  All  the  ingredients  employed  in 
commercial  soap-making  are  more  or  less  impure,  hence  the  products 
are  not  definite  chemical  compounds. 

The  pharmacopoeia  recognizes  as  soap — sapo — made  from  olive  oil 
and  soda — and  sapo  mollis — from  linseed  oil  and  potassa.     Fixed 
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oils  are  combinations  of  the  oleate,  stearate,  and  palmitate  of  glyceryl. 
If  we  take  glyceryl  oleate  and  treat  it  with  sodium  hydroxide  we  get 
a  reaction  quite  similar  to  that  occurring  when  fat  is  treated  with 
steam  (p.  680),  namely: 

C3H,(Ci3H330,)3     +     3NaOH     =     CaH.COH),     +     3NaCi3H330, 

Olein                            Sodium                   Glycerin.  Sodium  oleate. 

(Glyceryl  oleate).  Hydroxide.  * 


Soap. 


SAPO.     Soap. 


Soap  prepared  from  sodium  hydroxide  and  olive  oil. 

A  white  or  whitish  soHd,  hard,  yet  easily  cut  when  fresh,  having  a  faint,  peculiar 
odor  free  from  rancidity,  a  disagreeable,  alkaline  taste,  and  an  alkaline  reaction. 

Soluble  in  water  and  in  alcohol,  more  readily  with  the  aid  of  heat. 

On  placing  0.5  Gm.  of  Soap,  together  with  about  10  Cc.  of  alcohol,  in  a  tared 
beaker  containing  1  Gm.  of  dry,  clean  sand,  evaporating  the  resulting  solution  of  the 
Soap  to  dryness,  and  drying  the  residue  at  110°  C.  (230°  F.),  to  a  constant  weight, 
the  loss  should  not  exceed  36  per  cent,  (absence  of  an  undue  amount  of  water). 

An  alcohoUc  solution  of  Soap  (1  in  25)  should  not  gelatinize  on  cooling  (absence 
of  animal  fats). 

An  aqueous  solution  of  Soap  (1  in  20)  should  remain  unchanged  in  color  upon 
the  addition  of  ammonium  sulphide  T.S.;  and  upon  acidulating  another  portion  of 
the  solution  with  hydrochloric  acid  and  filtering,  the  filtrate  should  remain  unchanged 
in  color  when  an  equal  volume  of  hydrogen  sulphide  T.S.  is  added  and  the  mixture 
is  allowed  to  stand  well  stoppered  in  a  warm  place  for  half  an  hour  (absence  of 
metallic  impurities). 

On  dissolving  20  Gm.  of  Soap  in  alcohol,  with  the  aid  of  heat,  transferring  the 
undissolved  residue,  if  any,  to  a  tared  filter,  and  washing  it  thoroughly  with  boiling 
alcohol,  it  should,  after  drying,  weigh  not  more  than  0.8  Gm.  (limit  of  sodium  car- 
bonate, etc.);  of  this  residue  not  more  than  0.2  Gm.  should  be  insoluble  in  water 
(limit  of  silica  and  other  accidental  impurities). 

If  a  solution  of  5  Gm.  of  Soap  in  50  Cc.  of  hot  water  be  mixed  with  3  Cc.  of 
tenth-normal  oxalic  acid  V.S.,  the  subsequent  addition  of  a  few  drops  of  phenol- 
phthalein  T.S.  should  produce  no  pink  or  red  tint  (limit  of  alkalinity). 

Tests  for  Identity. — See  above. 

Impurities. — Excess  of  water,  animal  fats,  metallic  impurities. 
Sodium  carbonate,  silica,  excess  of  alkalinity.     Details  above. 

Remarks. — Soap  is  a  product  of  the  treatment  of  an  oil,  supposedly 
olive  oil,  with  sodium  hydroxide.  This  is  called  "Castile  soap," 
because  originally  made  in  the  city  of  Castile,  Spain,  and  at  the  present 
time  the  finest  brand  of  Castile  soap  on  the  market  is  the  "Yaritu" 
brand,  manufactured  in  that  city.  The  large  majority  of  the  so-called 
Castile  soap,  however,  is  manufactured  in  Marseilles. 

Soap  is  a  hard,  whitish  solid,  insoluble  in  salt  water,  very  soluble 
in  alcohol,  and  somewhat  soluble  in  cold  water.  When  a  solution  of 
soap  is  made  with  excess  of  water,  the  soap  breaks  into  free  alkali 
and  fatty  acids.  The  alkali  immediately  attacks  the  skin  if  brought 
in  contact  with  it,  but  before  it  can  do  much  harm  the  fatty  acid  acts 
as  a  soothing  agent.  This  explains  the  whole  plan  of  washing  with 
soap,  the  alkali  removing  grease  and  at  the  same  time  removing 
minute  traces  of  skin,  while  the  fatty  acids  prevent  the  burning  which 
invariably  results  if  the  free  alkali  were  used  for  the  same  purpose. 

As  seen  above,  Castile  soap  is  a  mixture  of  glycerin  and  sodium 
oleate.  The  red  Castile  soap  is  colored  by  the  addition  of  ferrous 
oxide,  which  is  black,  and  this,  on  exposure  to  air,  is  oxidized  to  red 
ferric  oxide — iron  rust.     The  efifect  can  be  noticed  by  making  a  fresh 
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cut  through  a  cake  of  mottled  Castile  soap,  which  shows  on  the  interior 
black  streakings  which,  on  exposure  to  air,  gradually  assume  the 
red  hue  of  the  rest  of  the  soap.  The  coloring  (or  mottling)  is  simply 
to  please  the  eye,  as  the  ferric  oxide  is  of  no  influence,  save  to  increase 
weight. 

Soap  is  used  chiefly  externally,  although  it  is  sometimes  adminis- 
tered internally  as  a  laxative,  especially  in  purgative  pills.  For  this 
purpose  it  is  used  in  the  following  official  pills:  aloes,  asafetida, 
opium.  It  is  also  a  constituent  of  compound  extract  of  colocynth, 
and  thus  as  the  excipient  in  compound  cathartic  pills  and  vegetable 
cathartic  pills  (p.  323). 

An  alcoholic  solution  of  soap  containing  camphor  and  oil  of  rose- 
mary is  official  as  "soap  liniment"  (p.  273). 

SAPO   MOLLIS.     Soft  Soap. 

Recipe. — Linseed  Oil,  four  hundred  grammes 400  Gm. 

Potassium  Hydroxide,  ninety-five  grammes 95  Gm. 

Alcohol,  forty  cubic  centimeters 40  Gm. 

Water,  a  sufficient  quantity. 

Heat  the  Linseed  Oil  in  a  deep,  capacious  vessel,  on  a  water-bath  or  steam-bath, 
to  a  temperature  of  about  70°  C.  (158°  F.)-  Dissolve  the  Potassium  Hydroxide  in 
four  hundred  and  fifty  cubic  centimeters  of  Water,  warm  the  solution  to  about  70°  C. 
(158°  F.),  add  it  to  the  Linseed  Oil,  and  mix  thoroughly;  then  incorporate  the  Alcohol 
and  continue  the  heat  (without  stirring)  until  a  small  portion  of  the  mixture  is  found 
to  be  soluble  in  boiling  Water  without  the  separation  of  oily  drops.  Then  allow  the 
mixture  to  cool  and  transfer  it  to  suitable  vessels. 

The  Potassium  Hydroxide  used  in  this  process  should  be  of  the  full  strength 
directed  in  the  Pharmacopceia  (85  per  cent.).  Potassium  Hydroxide  of  any  other 
strength,  however,  may  be  used,  if  a  proportionately  larger  or  smaller  quantity  be 
taken,  the  proper  amount  for  the  above  formula  being  ascertained  by  dividing  8075 
by  the  percentage  of  absolute  Potassium  Hydroxide  contained  therein. 

A  soft,  unctuous,  yellowish-brown  mass,  having  a  characteristic  odor  and  an 
alkaline  taste. 

An  aqueous  solution  shows  an  alkaline  reaction  to  red  litmus-paper. 

If  to  a  solution  of  5  Gm.  of  Soft  Soap  in  50  Cc.  of  water,  2  drops  of  phenol- 
phthalein  T.S.  be  added,  not  less  than  2.3  Cc.  nor  more  than  4.5  Cc.  of  tenth-normal 
oxalic  acid  V.S.  should  be  required  to  discharge  the  red  tint  (limit  of  free  alkali). 

Soluble  in  hot  water  to  a  nearly  clear  liquid;  also  in  hot  alcohol  without  leaving 
more  than  3  per  cent,  of  insoluble  residue. 

Recipe. — Given  above. 

Tests  for  Identity. — Given  above. 

Impurity. — Excess  of  free  alkali,  given  above. 

Soft  soap  is  a  soap  made  by  treatment  of  linseed  oil  with  potassa, 
and  clearing  the  product  with  an  appropriate  quantity  of  alcohol. 
Green  soap  is  a  soft  soap  made  with  potassa  and  greenish  rape  seed 
oil. 

The  two  soaps  (hard  and  soft)  are  interesting  as  illustrating  the 
different  actions  of  the  salts  of  two  metals.  The  sodium  salts  are 
usually  efflorescent  and,  similarly,  Castile  soap  is  found  to  effloresce 
on  standing.  The  potassium  compounds,  like  potassa  soap,  are 
deliquescent. 

Soft  soap  is  used  externally  in  skin  troubles,  and  is  a  constituent 
of  the  official  liniment  of  soft  soap  (p.  274). 

While  Castile  soap  and  soft  soap  are  the  only  official  soaps,  in  the 
limited  sense  of  the  term,  we  have  other  official  products,  which  can 
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be  considered  as  soaps,  if  the  definition  is  extended  to  all  metallic 
combinations  of  the  acids  found  in  fats. 

Thus  liniment  of  ammonia,  made  with  cotton  seed  oil  and  ammonia 
water,  is  an  ammonia  soap;  liniment  of  lime,  made  with  linseed  oil  and 
lime  water,  is  a  lime  soap;  liniment  of  lead  subacetate  (U.  S.  P.  1880) 
is  one  variety  of  lead  soap,  while  lead  plaster  is  another.  The  three 
last  mentioned  are  examples  of  soaps  insoluble  in  water. 

The  official  oleates  are  scarcely  to  be  considered  as  soaps,  as  they 
all  contain  a  large  excess  of  oleic  acid. 

In  most  works  on  pharmacy  the  chapter  on  fats  and  soaps  is  con- 
sidered the  proper  place  to  consider  the  petroleum  products,  but  these 
have  already  been  described  on  p.  636,  for  reasons  mentioned  there; 
hence  at  this  place  all  that  is  necessary  is  the  mention  that  animal 
and  vegetable  fats  being  the  oleates,  stearates,  and  palmitates  of 
glyceryl,  or  closely  allied  bodies,  when  treated  with  sodium  or  potas- 
sium hydroxide,  split  into  glycerin  and  soap;  in  other  words,  can  be 
saponified.  The  mineral  fats — petrolatum  and  similar  products — 
do  not  saponify  when  treated  with  sodium  or  potassium  hydroxide. 
Again,  animal  and  vegetable  fats,  on  standing,  become  oxidized, 
partially  splitting  into  glycerin  and  the  fatty  acids,  becoming  rancid, 
as  we  say. 

Petroleum  fats  do  not  turn  rancid,  do  not  oxidize,  hence  ointments 
made  with  vaseline  and  similar  petroleum  fats  keep  indefinitely. 
Petroleum,  however,  is  not  absorbed  by  the  skin  as  readily  as  are  the 
animal  and  vegetable  fats. 


WAXES 


Among  the  derivatives  of  the  fatty  hydrocarbons  higher  than 


/jgHgg  some  bodies  of  pharmaceutic  interest  are  found. 


CzvHse  yields 


ceryl  alcohol  or  cerotin  (C27H55OH),  while  the  body,  CgoHgiOH  or 
CaiHggOH,  is  known  as  melissyl  alcohol  (sometimes  called  myricyl 
alcohol) . 

The  ultimate  analysis  of  these  bodies  containing  a  large  number 
of  carbon  atoms  does  not  enable  us  accurately  to  determine  the 
formula.  The  difference  in  the  percentage  of  carbon  and  hydrogen 
in  the  bodies  CgoHeiOH  and  Ca.HegOH  varies  so  slightly  as  to  give  rise 
to  doubt  as  to  which  is  the  exact  formula. 


Thus,  CjoHjiOH  has  the  molecxilar 

weight: 
C30    =  30  X   12  =  360 
H„  =  62  X     1   =     62 
O      =     1   X   16   =     16 

molecular  weight,  438,  and  contains 


Carbon,  |ff  X 
Hydrogen,  //y  X 
Oxygen,      ^^%  X 


100  =  82.19  per  cent. 

100  =  14.15  per  cent. 

100  =     3.65  per  cent. 

99.99  per  cent. 


While  CjiHgjOH  has  the  molecular 

weight: 
C30    =  31   X   12  =  372 
H^  =  64   X     1   =     64 
O      =     1   X   16  =     16 

molecular  weight,  452,  and  contains 

Carbon,      Hf  X  100  =  82.30  per  cent. 

Hydrogen,  Sh  X  100  =  14.15  per  cent. 

Oxygen,      -^^^  X  100  =     3.54  per  cent. 

99.99  per  cent. 


The  difference  in  percentage  of  carbon  in  these  substances  (82. 19 
per  cent,  and  82.30  per  cent.)  is  no  greater  than  the  permissible  limit 
of  error  in  analysis;  while  the  percentage  of  hydrogen  in  the  two  is 
identical. 
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The  oxidation  of  ceryl  alcohol  yields  cerotinic  acid,  C28H53COOH, 
while  the  oxidation  of  melissyl  alcohol  gives  melissic  acid,  C29H59COOH 
or  CaoHeiCOOH. 

These  four  bodies  are  of  interest  as  constituents  of  the  various 
waxes,  they  being  esters  of  the  two  alcohols,  with  the  two  acids  just 
mentioned  and  other  fatty  acids. 

CERA  FLAVA.     Yellow  Wax. 

A  solid  substance  prepared  from  the  honeycomb  of  the  bee,  Apis  mellifera 
Linne. 

A  yellowish  to  brownish-yellow  solid,  having  an  agreeable,  honey-like  odor,  and 
a  faint  balsamic  taste. 

Specific  gravity:  0.951  to  0.960  at  25°  C.  (77°  F.). 

Melting-point:  62°  to  64°  C.  (143.6°  to  147.2°  F.). 

It  is  somewhat  brittle  when  cold,  and  when  broken  presents  a  dull,  granular, 
not  crystalline  fracture.     By  the  heat  of  the  hand  it  becomes  plastic. 

Yellow  Wax  is  insoluble  in  water,  sparingly  soluble  in  cold  alcohol;  boiling 
alcohol  dissolves  the  cerotic  acid  and  a  portion  of  the  myricin.  It  is  completely 
soluble  in  ether,  chloroform,  and  in  fixed  and  volatile  oils;  partially  soluble  in  cold 
benzene  or  carbon  disulphide,  and  completely  soluble  in  these  liquids  at  a  tempera- 
ture of  25°  to  30°  C.  (77°  to  86°  F.). 

If  1  Gm.  of  Yellow  Wax  be  boiled  for  half  an  hour  with  35  Cc.  of  an  aqueous 
solution  of  sodium  hydroxide  (1  in  7),  the  volume  being  preserved  by  the  occasional 
addition  of  water,  the  Wax  should  separate  on  cooling  without  rendering  the  liquid 
opaque,  and  no  precipitate  should  be  produced  in  the  liquid,  after  filtration  through 
glass-wool  or  asbestos,  on  the  addition  of  hydrochloric  acid  (absence  of  fats  or  fatty 
adds,  Japan  wax,  or  rosin).  Hydrochloric  acid  should  produce  no  precipitate  in 
water  which  has  been  boiled  with  a  portion  of  the  Wax  (absence  of  soap). 

If  5  Gm.  of  Yellow  Wax  be  heated  in  a  flask  to  160°  C.  (320°  F.)  for  fifteen 
minutes,  with  25  Cc.  of  sulphuric  acid,  and  the  mixture  then  poured  into  a  large 
excess  of  water,  no  notable  amount  of  solid  substance,  which  cannot  be  decomposed 
by  sulphuric  acid  on  further  treatment,  should  separate  (absence  of  paraffin  or 
ceresin). 

Tests  for  Identity. — Given  above. 

Impurities. — Fats,  fatty  acids,  Japan  wax,  rosin,  soap,  paraflfin, 
cerasin.     Details  above. 

Saponification  Number. — 90  to  96.     Details  in  Part  V. 

The  official  beeswax  consists  chiefly  of  melissyl  palmitate,  CgoHgi- 
CigHgjOj,  melissyl  melissate,  CgoHmCgoHsgOa,  and  free  cerotinic  acid. 

Yellow  wax  is  defined  as  a  concrete  substance  prepared  by  Apis 
mellifera,  and  is  a  well-known  commercial  product,  consisting  of  the 
comb  the  bee  prepared  in  which  to  store  its  honey,  and  is  supposed  to 
be  an  excretion  of  the  animal  itself. 

In  obtaining  wax  the  comb  is  taken,  drained  of  its  honey,  washed 
in  cold  water,  and  then  melted  and  strained,  the  product  being  the 
bright  yellow  solid,  of  pleasant,  aromatic  odor,  having  specific  gravity 
0.955  to  0.967,  melting  at  63°  to  64°  C. 

The  large  demand  for  wax  has  led  to  many  adulterations  of  same, 
the  favorite  sophistication  being  rosin  or  paraffin.  For  detecting  these, 
neither  the  specific  gravity  nor  the  melting-point  is  a  criterion  of 
quality,  for  although  paraffin  has  a  lower  specific  gravity  than  that 
of  wax,  and  rosin  a  higher  specific  gravity,  a  combination  of  the 
two  can  be  made  to  possess  the  same  specific  gravity  as  pure  wax; 
hence  chemical  tests  of  the  pharmacopoeia  are  essential  for  intelligent- 
examination.     The  test  for  rosin  is  that  when  a  sample  is  boiled  with 
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15  per  cent,  solution  of  potassa  and  filtered,  such  filtrate  should  give 
no  precipitation  on  addition  of  acid. 

In  other  words,  wax  itself  is  unafifected  by  15  per  cent,  potassium 
hydroxide,  whereas  the  rosin  dissolves,  forming  potassium  abietinate. 
Therefore,  if  rosin  is  present,  the  filtrate  contains  this  potassium 
abietinate,  and  the  solution  when  treated  with  acid  precipitates  the 
free  abietinic  acid. 

If  the  alkaline  solution  is  filtered  through  paper  it  will  dissolve 
some  of  the  paper  pulp,  which  will  be  precipitated  on  addition  of 
acid,  leading  to  wrong  conclusions;  hence  the  present  pharmacopcsia 
directs  filtration  through  asbestos. 

The  test  for  paraffin  is  based  on  the  fact  that  wax  is  decomposed 
by  boiling  with  sulphuric  acid,  while  paraffin  remains  unchanged,  as 
explained  under  paraffin. 

CERA  ALBA.     White  Wax. 

Yellow  Wax,  bleached. 

A  yellowish-white  soKd,  somewhat  translucent  in  thin  layers,  having  a  faint, 
characteristic  odor,  and  nearly  tasteless. 

Specific  gravity:  0.950  to  0.960  at  25°  C.  (77°  F.). 

Melting-point:  64°  to  65°  C.  (147.2°  to  149°  F.). 

In  other  respects  White  Wax  has  the  characteristics  of,  and  should  respond  to, 
the  reactions  and  tests  given  under  Cera  Flava. 

CETACEUM.     Spermaceti. 

A  peculiar,  concrete,  fatty  substance,  obtained  from  the  head  of  the  sperm  whale, 
Physeter  macrocephalus  Linn6. 

White,  somewhat  translucent,  slightly  unctuous  masses  of  a  scaly,  crystalline 
fracture  and  a  pearly  lustre,  with  a  very  faint  odor  and  a  bland,  mild  taste.  It 
becomes  yellowish  and  rancid  on  prolonged  exposure  to  air. 

Specific  gravity:  0.938  to  0.944  at  25°  C.  (77°  F.),  0.842  at  100°  C.  (212°  F.). 

Melting-point:  45°  to  50°  C.  (113°  to  122°  F.). 

Insoluble  in  water  and  nearly  so  in  cold  alcohol;  soluble  in  about  50  parts  of 
boihng  alcohol;  also  in  ether,  chloroform,  carbon  disulphide,  fixed  and  volatile  oils; 
only  slightly  soluble  in  cold  petroleum  benzin. 

An  alcoholic  solution  of  Spermaceti  is  neutral  to  litmus-paper. 

If  1  Gm.  of  Spermaceti  be  boiled  with  1  Gm.  of  anhydrous  sodium  carbonate  and 
50  Cc.  of  alcohol,  and  the  mixture  cooled  and  filtered,  the  filtrate,  upon  being  super- 
saturated with  acetic  acid,  may  become  turbid,  but  it  should  not  afford  a  precipitate 
(absence  of  stearic  add). 

Tests  for  Identihj. — Given  above. 

Impurity. — Stearic  acid.     Details  above. 

Remarks. — Spermaceti  is  obtained  from  the  whale  by  removing 
from  the  recently  killed  animal  the  oily  liquid  contained  in  a  cavity 
in  the  head.  This  oil  soon  congeals  when  it  is  submitted  to  strong 
pressure.  After  the  liquid  part  has  been  expressed,  the  press  cake, 
crude  spermaceti,  is  purified  by  melting  in  water,  then  boiling  with 
weak  alkali,  and  then  washing  with  water. 

Spermaceti  consists  chiefly  of  cetyl  palmitate,  CigHggCieHggOa 
(p.  720),  and  is  a  white,  somewhat  translucent  solid,  breaking  with  a 
scaly  fracture,  having  a  specific  gravity  of  0.945,  melting  at  50°  C. 
It  is  a  constituent  of  cold  cream,  and  its  chief  use  is  for  hardening 
ointments. 

Chinese  wax  is  chiefly  ceryl  cerotate,  C27H55C27H53O2,  and  is  the 
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secretion  from  an  insect  living  on  the  tree  Ligustrum  lucidum.  It  is 
frequently  confounded  with  Japanese  wax,  which  is  of  vegetable 
origin,  being  found  in  the  fruit  of  Rhu^  succedanea. 

LECITHIN   AND    CHOLESTERIN 

These  two  substances  can  best  be  discussed  at  this  place,  since 
they  are  allies  of  fats.  Lecithin  is  a  complex  ester  of  glycerin  having 
the  graphic  formula 


C.H 


OCOC„H35 
OCOC15H3, 
.0P0(0H)CH2CH, 

(CH3)3= 


NH-OH. 


On  analyzing  this  formula,  we  find  that  the  glyceryl  group  is  combined 
with  a  stearic  acid  group,  a  palmitic  acid  group,  and  a  phosphoric 
acid  group;  while  to  the  latter  is  attached  a  choline  group, 


CH2OH 


(CH3)3 

OH.    ■ 


Cholesterin  is  an  alcohol  having  the  formula  C27H45OH,  and,  as 
mentioned  on  p.  734,  is  the  alcohol  constituent  of  the  ester,  wool-fat. 
Lecithin,  choline,  and  cholesterin  are  found  in  animal  tissue,  such  as 
the  brain,  yolk  of  egg,  and  oxgall  (p.  941). 


CHAPTER   XLII 


ORGANIC  PRODUCTS  OF  INTERMEDIATE  CHARACTER 

Among  the  organic  chemicals  used  in  pharmacy  are  several  which 
can  scarcely  be  grouped  either  as  derivatives  of  hydrocarbons  of  the 
fatty  series  or  of  the  aromatic  series.  Among  these  bodies  are  classed 
the  cyanogen  bodies,  carbonic  acid  derivatives,  and  a  few  ringed 
bodies  of  character  midway  between  the  aliphatic  compounds  already 
described  and  the  aromatic  bodies. 

CYANOGEN  BODIES 

The  cyanides  can  be  considered  as  ethyl  or  methyl  derivatives  in 
which  some  of  the  hydrogen  is  replaced  by  nitrogen,  as  can  best  be 
shown  by  comparison  of  the  formulas  of  ethane  and  cyanogen: 

Ethane.  Cyanogen. 

C=i  CEEN 


C— H 
=§  CEEN 
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Cyanogen,  (CN)2,  was  discovered  by  Gay  Lussac  in  1815,  and  is  made 
by  heating  silver  cyanide.  It  is  a  gaseous  body  of  such  poisonous 
characteristics  as  to  render  its  manufacture  and  use  unsafe. 

A  derivative  of  same,  however,  paracyanogen,  (C2N2)3,  is  of  interest 
in  pharmacy,  as  the  black  precipitate  which  forms  in  hydrocyanic 
acid  solution  on  standing. 

Hydrocyanic  Acid  (HCN). — This  substance  was  isolated  by  Scheele 
in  1782  from  oil  of  bitter  almond,  and  can  be  considered  as  methane, 
in  which  three  of  the  hydrogen  atoms  are  replaced  by  one  of  nitrogen, 
as  shown  by  comparison  of  formulas  given  below: 

Methane.  Hydrocyanic  acid. 

CeI  Ceen 

As  mentioned  above,  it  is  one  of  the  products  found  in  volatile  oil  of 
almond,  and  a  description  of  the  process  whereby  it  is  extracted  will 
be  left  until  this  official  is  reached.     (See  p.  778.) 

It  is  prepared  by  either  of  the  processes  given  under  diluted  hydro- 
cyanic acid,  or  by  treating  chloroform  with  ammonia  gas  under 
pressure,  viz., 

CHCI3     +     NH3     =     HCN     +     3HC1. 

Pure  hydrocyanic  acid  is  a  very  poisonous  gas,  soluble  in  water, 
and  used  in  medicine  only  in  dilute  form. 

ACIDUM  HYDROCYANICUM   DILUTUM.     Diluted   Hydrocyanic 

Acid. 

A  liquid  composed  of  not  less  than  2  per  cent.,  by  weight,  of  absolute  Hydro- 
cyanic Acid  [HCN  =  26.84]  and  about  98  per  cent,  of  water.  It  should  be  kept  in 
small,  dark  amber-colored,  cork-stoppered  vials  in  a  cool  place.  It  may  be  prepared 
extemporaneously  by  the  following  process: 

Recipe. — Silver  Cyanide,  six  grammes 6.00  Gm. 

Diluted  Hydrochloric  Acid,  fifteen  and  fifty-four 

hundredths  cubic  centimeters 15.54  Cc. 

Distilled    Water,    forty-four   and   one-tenth    cubic 

centimeters 44.10  Cc. 

Mix  the  Diluted  Hydrochloric  Acid  with  the  Distilled  Water,  add  the  Silver 
Cyanide,  and  shake  the  whole  together  in  a  glass-stoppered  bottle.  When  the  pre- 
cipitate has  subsided,  pour  off  the  clear  liquid. 

A  colorless  liquid,  of  a  characteristic  odor  resembling  that  of  bitter  almonds. 

On  account  of  its  poisonous  character  it  should  be  tasted  with  great  caution. 

It  is  completely  volatilized  by  heat. 

Diluted  Hydrocyanic  Acid  shows  an  acid  reaction  with  blue  litmus-paper. 

If  to  1  Cc.  of  the  Acid,  rendered  alkaline  by  potassium  hydroxide  T.S.,  a  few 
drops  of  ferrous  sulphate  T.S.  be  added,  and  the  mixture  boiled  and  then  acidulated 
with  hydrochloric  acid,  a  blue  precipitate  will  be  formed. 

Tests  for  Identity. — Given  above. 
Assay. — Details  in  Part  V. 

Diluted  hydrocyanic  acid  is  an  aqueous  solution  containing  2  per 
cent,  of  hydrocyanic  acid  gas.     It  is  prepared  by  distilling  a  mixture 
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of  potassium  ferrocyanide  with  sulphuric  acid  and  water,  in  a  retort, 
and  diluting  distillate  until  it  is  2  per  cent,  strength. 

For  a  simple  extemporaneous  method  of  preparing  the  diluted  acid, 
however,  the  pharmacopoeia  directs  the  treating  of  silver  cyanide 
with  hydrochloric  acid  and  a  sufficient  quantity  of  distilled  water, 
the  advantage  of  this  process  being  that  it  does  not  require  distilling, 
the  silver  cyanide  combining  with  the  hydrochloric  acid  and  forming 
insoluble  silver  chloride,  while  the  hydrocyanic  acid  goes  into  solution. 
In  the  pharmacopceial  recipe  a  sufficient  quantity  of  water  is  directed 
to  insure  the  finished  product  being  exactly  2  per  cent. 

Dilute  hydrocyanic  acid  is  a  colorless  liquid,  which  is  not  very 
stable,  and  should  be  dispensed  only  when  comparatively  fresh; 
hence  it  is  highly  advantageous  to  follow  the  pharmacopceial  alterna- 
tive process,  and  manufacture  same  from  silver  cyanide. 

It  possesses  a  pungent  odor  (characteristic  of  bitter  almond  oil 
or  peach  kernel),  and  should  be  both  smelled  and  tasted  with  utmost 
caution,  even  in  the  dilute  form.  It  is  used  as  a  sedative  and  expec- 
torant. 

Dose. — 0.1  Cc.  (1^  minims). 

Mention  should  be  made  of  the  fact  that  formerly  Scheele's  hydro- 
cyanic acid  was  a  popular  form  for  administering  this  chemical.  It 
contained  5  per  cent,  absolute  hydrocyanic  acid,  and  the  confusion 
arising  from  the  use  of  these  two  strengths  of  the  acid  (5  per  cent,  and 
2  per  cent.)  was  positively  dangerous.  At  present,  however,  Scheele's 
acid  is  very  rarely  employed. 

Hydrocyanic  acid  forms  salts  with  metals,  such  products  being 
called  cyanides.  Two  of  the  cyanides  are  official, — those  of  potassium 
and  silver, — and  each  is  considered  under  its  respective  metal. 

Hydrocyanic  acid  also  forms  ester-like  compounds  with  organic  radicles.  As 
an  example  might  be  cited  methyl  cyanide,  CH3CN.  The  term  cyanide,  however, 
is  not  applied  to  these  bodies,  they  being  called  nitriles,  and  in  these  bodies  the 
radicle  is  directly  attached  to  the  carbon  atom  and  not  to  the  nitrogen.  In  this  way 
they  differ  from  the  isonitriles,  which  are  isomeric  bodies  in  which  the  radicle  is  at- 
tached to  the  nitrogen  instead  of  the  carbon.  The  difference  between  these  bodies 
is  best  shown  by  the  appended  graphic  formulas: 

Methyl  nitrile.  Methyl  isonitrile. 

CH.-CEEN  ™-N=eC 

Isonitriles  are  of  interest  only  as  being  exceedingly  poisonous  gases  of  disgusting 
odor,  such  as  phenyl  isonitrile,  which  is  formed  in  a  test  for  chloroform.     (See  p.  642.) 

Cyanogen  forms  compounds  with  iron,  forming  ferrocyanides  and  ferricyanides, 
according  to  the  valence  of  the  metal.  One  of  these  (potassium  ferrocyanide)  is 
official,  while  potassium  ferricyanide  is  recognized  by  the  pharmacopoeia  as  a  test 
solution.  The  former  of  these  bodies  has  been  discussed  among  the  potassium  com- 
pounds, but  this  is  the  proper  place  for  chemical  comparison  of  these  two  interesting 
substances. 

Potassium  ferrocyanide,  K4Fe(CN)5,  may  be  considered,  for  the  sake  of  remember- 
ing the  formula,  as  a  combination  of  one  molecule  of  ferrous  cyanide,  Fe(CN)2, 
with  four  molecules  of  potassium  cyanide;  that  is,  Fe(CN)2  +  4KCN. 

Potassium  ferricyanide  can  be  considered,  on  the  other  hand,  as  a  combination 
of  ferric  cyanide  with  three  molecules  of  potassium  cyanide,  that  is,  Fe(CN)3  +  3KCN. 

As  in  the  case  of  the  dissection  of  the  alum  formula  (p.  536),  this  must  be  con- 
sidered as  meaning  that  these  two  bodies,  the  ferrocyanide  and  the  ferricyanide,  are 
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mere  mechanical  combinations  of  cyanides  of  potassium  and  iron,  for  in  both  cases 
there  is  an  intimate  combination  between  the  cyanogen  group,  the  iron,  and  the  potas- 
sium, as  is  best  shown  in  the  appended  graphic  formulas: 

Potassium  ferrocyanide.  Potassium  ferricyanide. 

K  K 


N  N  N  N 

II  I  II  I 

K— C— N=C.  K— C— N=C\ 

K-C-N=C/  K-C-N=C/ 

A       >  it  ^ 


K 

As  already  mentioned  on  p.  545,  the  chief  pharmaceutic  value  of  these  two  bodies 
are  as  tests  for  the  iron  compounds,  the  ferrocyanide  giving  blue  precipitate  with 
ferric  salts  and  the  ferricyanide  giving  blue  only  with  ferrous  salts. 

Cyanic  Acid  (HCNO). — This  differs  from  hydrocyanic  acid  in  containing  one 
atom  of  oxygen.  It  in  itself  possesses  no  pharmaceutic  interest.  Its  ammonia  salt, 
however,  ammonium  cyanate,  NH^CNO,  is  of  interest  as  the  product  from  which 
urea  was  first  made  synthetically  (p.  626). 

Thiocyanic  acid,  or  stdphocyanic  acid,  HCNS,  yields  the  potassium  thiocyanate, 
KSCN,  which  is  recognized  in  the  pharmacopoeia  in  the  form  of  a  test  solution,  it 
being  the  most  delicate  test  for  iron,  a  drop  of  the  solution  giving  a  clear  red  tint 
to  a  liquid  containing  the  merest  trace  of  iron. 

Mercuric  thiocyanate,  Hg(CNS)2,  is  the  chief  constituent  of  the  dangerous  fire- 
works, "Pharaoh's  serpents,"  these  being  a  mixture  of  mercury  salt  with  starch  or 
other  excipient,  and  when  ignited  it  swells  to  enormous  proportions,  forming  shapes 
somewhat  similar  to  serpents.  One  of  the  products  of  the  burning,  however,  is 
hydrocyanic  acid,  and  their  use  by  children  should  be  prohibited. 

As  the  organic  cyanides  possess  isomeres  which  were  called  isonitriles,  so  thio- 
cyanic acid  possesses  an  isomere,  isothiocyanic  acid,  the  two  differing  in  exactly  the 
same  way  as  the  two  nitriles,  as  shown  in  graphic  formulas  given  below: 

Thiocyanic  acid.  Isothiocyanic  acid. 

H— 0=1^=  =S  '  H— N=  =C=  =S 

The  allyl  ester  of  isothiocyanic  acid,  C3H5NCS,  is  interesting  as  the  chief  constitu- 
ent of  oil  of  mustard. 

OLEUM  SINAPIS   VOLATILE.     VolatUe  Oil  of  Mustard. 

A  volatile  oil  obtained  from  Black  Mustard  (freed  from  its  fatty  oil)  by  macera- 
tion with  water  and  subsequent  distillation,  yielding,  when  assayed  by  the  process 
given  on  p.  1016,  not  less  than  92  per  cent,  of  allyl-isothiocyanate.  It  should  be  care- 
fully kept  in  well-stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from 
light. 

A  colorless  or  pale  yellow,  limpid,  and  strongly  refractive  liquid,  having  a  very 
pungent  and  acrid  odor.  Great  caution  should  be  exercised  when  smelling  this  Oil; 
it  should  not  be  tasted  without  being  highly  diluted. 

Specific  gravity:  1.013  to  1.020  at  25°  C.  (77°  F.). 

Miscible  with  alcohol  in  all  proportions,  forming  a  clear  solution. 

If  to  3  Gm.  of  the  Oil  6  Gm.  of  sulphuric  acid  be  gradually  added,  the  lic^uid 
being  kept  cool,  the  mixture,  upon  subsequent  agitation,  will  evolve  sulphur  dioxide, 
but  it  will  remain  of  a  light  yellow  color,  and  although  at  first  clear,  it  will  afterward 
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become  thick  and  occasionally  crystalline,  and  the  pungent  odor  of  the  Oil  will  dis- 
appear. 

If  a  portion  of  the  Oil  be  heated  in  a  flask  connected  with  a  well-cooled  condenser, 
it  should  distil  completely  between  148°  and  152°  C.  (298.4°  and  305.6°  F.),  and 
both  the  first  and  the  last  portions  of  the  distillate  should  have  the  same  specific 
gravity  as  the  original  Oil  (absence  of  alcohol,  chloroform,  petroleum,  fatty  oils,  or 
more  than  traces  of  carbon  disulphide). 

If  a  small  portion  of  the  Oil  be  diluted  with  5  times  its  volume  of  alcohol,  and 
a  drop  of  ferric  chloride  T.S.  be  added,  no  blue  or  violet  color  should  be  produced 
(absence  of  phenols). 

Tests  for  Identity. — Given  above. 

Impurities. — Alcohol,  chloroform,  petroleum,  fatty  oil,  carbon 
disulphide,  phenols.     Details  given  above. 

Assay. — Details  in  Part  V. 

Composition. — Chiefly  allyl-isothiocyanate  and  some  allyl-cyanide 
and  carbon  disulphide. 

Remarks. — The  manufacture  of  this  volatile  oil  given  in  the  above 
official  definition  will  be  explained  below,  when  considering  constit- 
uents of  black  mustard.  Oil  of  mustard  is  one  of  the  most  violently 
irritating  of  volatile  oils,  even  pouring  of  the  oil  from  one  bottle  to 
another  producing  serious  irritation  to  the  mucous  membrane  of  the 
eye  and  nose,  hence  the  pharmacopceial  caution  as  to  smelling. 

The  assay,  based  as  it  is  on  the  behavior  of  volumetric  solution  of 
silver  nitrate,  will  be  explained  along  with  that  testing  liquid  (p.  1016). 

Medical  Properties. — A  powerful  irritant,  used  almost  exclusively 
externally  as  a  rubefacient. 

Dose. — j^g  Cc.  (^  minim). 

SINAPIS  NIGRA.     Black  Mustard. 

The  seed  of  Brassica  nigra  (Linn6)  Koch  (Fam.  Cmciferai). 

Constituents. — Fixed  oil,  25  per  cent.,  the  glucoside,  sinigrin,  or 
potassium  myronate;  the  ferment,  myrosin;  mucilage,  proteids,  etc. 

Remarks. — Under  glucosides  (p.  710)  the  equation  showing  the 
hydrolysis  of  the  glucoside,  potassium  myronate,  into  glucose,  potas- 
sium bisulphate,  and  allyl-isothiocyanate  is  given.  Here  let  it  be 
added  that  the  latter  substance  constitutes  the  bulk  of  the  volatile 
oil  of  mustard.  This  oil  is  not  found  in  the  dry  seed,  but  is  produced 
when  the  dry  powder  is  moistened  with  water  by  the  reaction  between 
the  glucoside,  potassium  myronate,  and  the  ferment,  myrosin,  both 
substances  occurring  in  the  seed;  that  black  mustard  yields  its  fixed 
oil  on  expression,  that  after  the  fixed  oil  is  pressed  out,  the  dry  squeezed 
mass,  on  moistening  with  water,  yields  volatile  oil  by  the  induced  action 
of  ferment  on  glucoside;  and,  finally,  that  the  official  volatile  oil  of 
mustard  is  obtained  by  distillation  of  the  moist  pulp. 

Turning  to  mustard  paper  (p.  357),  it  will  be  found  that  in  pre- 
paring "mustard  leaves,"  as  they  are  usually  called,  the  ground 
mustard  is  fir^  percolated  with  benzin.  This  solvent  extracts  the 
fixed  oil,  which,  if  allowed  to  remain,  would  grease  the  paper  on  which 
the  mustard  is  spread.  Mustard  plasters  are  prepared  extempora- 
neously by  mixing  powdered  mustard  with  water  and  spreading  on 
a  cloth.     The  water  used  in  moistening  this  or  the  ready-made  mus- 
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tard  leaves  must  be  cold,  not  hot,  as  hot  water  destroys  the  activity 
of  the  ferment,  myrosin,  preventing  the  formation  of  volatile  oil. 

Medical  Properties. — Condiment,  emetic,  rubefacient.  OflBicial 
preparation,  mustard  paper  (p.  357). 

Dose. — As  an  emetic,  8  Gm.  (120  grains). 

SINAPIS  ALBA.     White  Mustard. 

The  seed  of  Sinapis  alba  Linn6  (Fam.  Cruciferce). 

Constituents. — Fixed  oil,  25  per  cent.  The  glucoside,  sinalbin, 
CgoH^^NjSzOig,  which  hydrolyzes  under  influence  of  the  ferment 
myrosin  into  dextrose,  acrinyl  sulphocyanate,  and  sinapin  hisulphate 
(the  last  two  giving  white  mustard  its  activity),  proteids,  mucilage, 
sinapin  sulphocyanide,  etc. 

Remarks. — It  will  be  seen  from  the  above  that  the  activity  of  white 
mustard,  like  that  of  black  mustard,  depends  on  a  sulphurated  vola- 
tile oil,  and  likewise  is  produced  by  the  hydrolysis  of  a  glucoside.  It 
is  important  to  note,  however,  that  neither  the  glucoside  nor  the  vola- 
tile oil  has  the  same  composition  as  those  found  in  black  mustard. 
Both  black  and  white  mustard  contain  some  starch,  but  not  as  much 
as  do  the  starch  materials  with  which  powdered  mustard  is  sometimes 
adulterated.  To  differentiate  between  natural  and  excessive  amounts 
of  starch,  the  pharmacopoeia  provides  for  both  white  and  black 
mustard  a  "limit  of  starch  test"  similar  to  that  given  for  flaxseed 
(p.  736). 

The  powdered  English  mustard  used  as  a  condiment  possesses  a 
bright  yellow  tint,  while  the  official  mustards,  when  powdered,  are 
from  gray  to  green-brown.  The  bright  hue  of  the  English  article  is 
due  to  admixture  with  turmeric,  an  addition  that  can  scarcely  be 
considered  in  this  case  as  an  adulteration. 

Medical  Properties  and  Dose. — Same  as  black  mustard. 

Carbonic  Acid  Derivatives. — As  hydrocyanic  acid  is  considered  as  a 
methane  in  which  three  of  the  hydrogens  are  replaced  by  one  of  nitro- 
gen, so  can  carbonic  acid  be  considered  as  methane,  in  which  two  of 
the  hydrogens  are  replaced  by  two  hydroxyls  and  two  by  one  atom 
of  oxygen,  while  formic  acid  can  be  considered  as  methane  in  which 
one  of  the  hydrogen  atoms  is  replaced  by  hydroxyl,  and  two  by  one 
atom  of  oxygen,  as  can  best  be  shown  by  the  graphic  formulas  given 
below: 


Methane.  Carbonic  acid.  Formic  acid. 

I— H  #%-OH  #\-OH 

=o 

'— H 


Gil        C5        C 


Taking  the  graphic  formula  of  carbonic  acid  given  above  as  a  type,  we  find 
several  organic  bodies  which  can  be  considered  as  direct  derivatives  tliereof.  For 
example,  by  replacing  two  hydroxyl  groups  by  chlorine  we  get  a  body,  COCl,,  which 
is  called  carbon  oxyMoride,  or  more  generally,  phosgene.  This  body  is  made  by  oxi- 
dation of  chloroform  with  chromic  acid,  and  occasionally  chloroform  decomposes 
with  its  formation  (particularly  under  the  action  of  artificial  li^ht),  in  which  case  the 
chloroform  is,  of  course,  dangerous  for  inhalation,  as  explamed  on  p.  642.  The 
hydroxyl  groups  of  carbonic  acid  can  be  replaced  by  other  bodies — for  example, 
the  amido  group,  NH^.  Thus,  carbonic  acid  in  which  one  of  the  hydroxyl  groups 
is  replaced  by  an  amido  group  gives  us  carbamic  acid,  while  if  the  two  hydroxyl 
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croups  are  replaced  by  two  amido  groups,  we  obtain  urea.     This  can  best  be  explained 
by  examination  of  the  graphic  formulas  given  below: 

Carbonic  acid.  Carbamic  acid.  Urea. 

i-OH  A-NH2  A-NH2 


or         nr         p 

U-OH  U-OH  U 


=0 
-NHa 


Carbamic  add  is  of  interest  as  being  a  constituent  of  the  official  ammonium 
carbonate,  as  explained  on  p.  489. 

iETHYLIS  CARBAMAS.     Ethyl  Carbamate. 

CaH^NOj  =  88.42 

An  ester  of  carbamic  acid  [COCOCjHjJNHj],  obtained  by  the  reaction  of  ethyl 
alcohol  upon  urea  (carbamide)  or  one  of  its  salts.  It  should  be  kept  in  well-stoppered 
bottles. 

Colorless,  columnar  crystals  or  scales,  odorless,  and  having  a  cooling,  saline  taste. 

Soluble  in  less  than  1  part  of  water,  0.6  part  of  alcohol,  1  part  of  ether,  1.3  parts 
of  chloroform,  and  3  parts  of  glycerin,  at  25°  C.  (77°  F.). 

When  heated  between  47.5°  and  50°  C.  (117.5°  and  122°  F.)  it  melts,  and  at  a 
higher  temperature  is  decomposed,  burning  without  leaving  a  weighable  residue. 

If  1  Gm.  of  Ethyl  Carbamate  be  added  to  5  Gm.  of  sulphuric  acid  and  gently 
heated,  it  is  decomposed  with  the  evolution  of  carbon  dioxide,  while  alcohol  and  acid 
ammonium  sulphate  remain  in  solution. 

If  1  Gm.  of  Ethyl  Carbamate  be  heated  with  5  Cc.  of  concentrated  potassium 
hydroxide  solution,  ammonia  gas  is  given  off,  recognizable  by  the  usual  tests. 

If  0.5  Gm.  of  Ethyl  Carbamate  be  dissolved  in  5  Cc.  of  water  with  1  Gm.  of  dry 
sodium  carbonate  and  0.01  Gm.  of  iodine,  and  the  solution  warmed,  yellow  crystals 
of  iodoform  should  separate  on  cooling. 

If  6  Gm.  of  Ethyl  Carbamate  be  dissolved  in  6  Cc.  of  water,  and  the  solution  be 
divided  into  3  equal  parts,  the  addition  severally  of  5  Cc.  of  nitric  acid,  of  mercuric 
nitrate  T.S.,  or  of  oxalic  acid  T.S.,  should  not  produce  a  white  precipitate  (distinction 
from,  and  absence  of,  urea  or  carbamide). 

Tests  for  Identity. — Given  above. 

Impurity. — Urea.     Details  above. 

Remarks. — This  body,  commonly  called  urethane,  is  the  ethyl  ester 

NH 

of  carbamic  acid,  the  formula  bemg  CO<Qp  |t  .     It  was  discovered 

by  Dumas  in  1833,  and  is  made  by  treating  phosgene  with  alcohol 

and  converting  the  resulting  body,  the  ethyl  ester  of  chlorocarbonic 

CI  •  •  • 

acid,  CO<Znn  rx    ^^^^  urethane  by  treatment  with  ammonia  gas. 
UU2XI5, 

It  is  also  prepared  by  treating  cyanic  acid  with  alcohol: 
HCNO     +     C2H5OH     =    C0<2^|j 

It  occurs  in  colorless  crystals  or  scales,  and  is  used  as  a  hypnotic. 
Dose. — 1  Gm.  (15  grains). 

NTTP  XT 
Euphorin   is   phenyl   urethane,    shown   by  formula  CO<Qp  tt    ^ 

It  will  be  seen  above  that  urethane  is  made  by  treatment  of  the  ethyl 
ester  of  chlorocarbonic  acid  with  ammonia  gas: 

C08'o.H.     +     NH.     =     CO<S&,     +     HCl. 
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If,  instead  of  ammonia,  aniline  is  used,  euphorin  results: 
I0CH5 


COS'CH.     +     C.H.NH.     -     COSc^&!''     +     HCl. 


Euphorin  is  used  as  an  antithermic,  antirheumatic,  and  antiseptic. 

Ural  is  chloral  urethane  and  is  hypnotic,  as  is  also  somnal,  ethylated 
ural,  this  being  made  by  treating  chloral  with  alcohol  and  urethane. 

Urea,  CO(NH2)2. — This  body  is  a  normal  constituent  of  the  urine,  and  was  found 
therein  in  1773  by  Rouelle.  Its  chief  interest  is  based  on  the  fact  that  its  manu- 
facture was  the  first  organic  synthesis  performed,  this  historic  work  being  performed 
by  Wohler  in  1828  by  heating  ammonium  cyanate.  It  has  no  interest  in  pharmacy 
other  than  as  a  constituent  of  the  urine. 

By  heating  urea,  biuret  is  obtained  by  the  following  reaction: 


Two  molecules  urea.  Ammonia.         Biuret. 

NH      +     l-^t     -     NH.     +     gg^NH 
NH  """• 


GO 
GO 


Biuret,  when  treated  with  a  small  quantity  of  copper  sulphate  and  potassa, 
gives  the  characteristic  violet-red  color,  hence  the  so-called  biuret  reaction  of  urea 
produced  on  heating  urine  with  these  chemicals. 

Uric  acid  was  discovered  by  Scheele  in  1776,  and  is  found  as  a 
constituent  of  the  urine  and  of  the  excrement  of  serpents.  It  is 
made  synthetically,  but  the  synthesis  is  of  interest  only  as  estab- 
lishing its  graphic  formula,  which  is  given  below. 

It  is  generally  prepared  from  guano,  the  dried  dung  of  sea-birds. 

Uric  acid  is  interesting  to  us  because  of  the  similarity  of  its  formula 
to  that  of  the  well-known  so-called  alkaloids,  theobromine  and  caffe- 
ine, as  is  shown  by  the  comparison  of  the  three  formulas  placed  side 
by  side  below. 

Caffeine  is  uric  acid  in  which  three  hydrogen  atoms  are  replaced 
by  three  methyl  (CH3)  groups,  and  with  the  central  CO  group  changed 
to  CH;  whUe  theobromine  contains  only  two  methyl  groups  instead 
of  three,  as  does  caffeine. 

Uric  acid.  Caffeine.  Theobromine. 

H  H  CH,  CH, 


/N— C— N- 


k 


U.  I      I  \N CH   CH.  > 

T— CO 


O 


^NH— C 
^N— CO  CH,  CH, 


Theobromine  is  the  active  constituent  of  Theobroma  Cacao,  and  is  obtained  from 
the  press  cake  of  the  cacao  seed  (after  expressing  the  oil  of  theobroma)  by  mixing 
it  with  half  its  weight  of  slaked  lime  and  boiling  with  80  per  cent,  alcohol.  The 
crude  theobromine  obtained  from  the  alcoholic  solution  is  purified  by  recrystalliza- 
tion. 

Theobromine  sublimes  at  290°  C.  without  melting,  and  is  so  sparingly  soluble 
in  water  that  it  has  to  be  dispensed  as  the  more  soluble  alkaline  combinations,  such 
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as  sodium  theobromine.     As  these  alkaHne  bodies  are  more  or  less  irritating,  double 
salts,  such  as  diuretin,  are  to  be  preferred. 

Diuretin  is  sodium  theobromine  salicylate,  and  is  made  by  combining  one  mole- 
cule of  sodium  theobromine  with  one  molecule  of  sodium  salicylate.  It  therefore 
contains  49.7  per  cent,  theobromine.  It  occurs  in  a  white  powder,  which  is  com- 
paratively unstable  in  air,  breaking  up  through  the  loss  of  carbon  dioxide,  and  for 
this  reason  diuretin  should  never  be  dispensed  on  powder  papers.  It  is  given  as  a 
diuretic  in  I-Gm.  doses  four  times  a  day. 

CAFFEINA.     Caffeine. 

CgHjoNA  +  HjO  =  210.64 

A  feebly  basic  substance  [C,iH(CH3)3N402  +  H20],  obtained  from  the  dried  leaves 
of  Thea  sinensis  Linn6  (Fam.  Ternstrcemiacece),  or  from  the  dried  seeds  of  Coffea 
arabica  Linne  (Fam.  Rubiacece);  found  also  in  other  plants. 

White,  flexible,  silky,  glistening  needles,  usually  matted  together  in  fleecy 
masses,  permanent  in  the  air;  odorless  and  having  a  bitter  taste.  If  crystalhzed 
from  water,  it  contains  one  molecule  of  water  of  crystallization,  but  if  crystallized 
from  alcohol,  chloroform,  or  ether,  it  contains  none. 

Soluble  in  45.6  parts  of  water,  53.2  parts  of  alcohol,  375  parts  of  ether,  and  8 
parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  5.2  parts  of  water  at  80°  C.  (176° 
F.)  and  in  17.1  parts  of  alcohol  at  60°  C.  (140°  F.).  Its  solubility  in  water  is  in- 
creased by  the  presence  of  certain  salts — e.  g.,  potassium  bromide,  sodium  benzoate, 
sodium  salicylate,  and  others. 

Caffeine  sublimes  at  about  178°  C.  (352.4°  F.)  and  should  leave  no  residue.  Its 
melting-point  is  236.8°  C.  (458.3°  F.). 

An  aqueous  solution  of  Caffeine  is  neutral  to  litmus-paper. 

If  a  small  quantity  of  Caffeine  be  dissolved  in  about  1  Cc.  of  hydrochloric  acid 
in  a  porcelain  dish,  a  little  potassium  chlorate  added,  the  whole  evaporated  to  dry- 
ness on  a  water-bath,  and  the  dish  then  inverted  over  a  vessel  containing  a  few  drops 
of  ammonia  water,  the  residue  will  acquire  a  rich  purple  color,  which  is  destroyed  by 
fixed  alkalis. 

If  a  fragment  of  Caffeine  be  dissolved  in  sulphuric  acid  and  a  minute  fragment 
of  potassium  dichromate  be  added  to  the  liquid,  a  yellowish-green  color,  which  gradu- 
ally becomes  green,  will  be  produced. 

Caffeine  should  dissolve  in  sulphuric  acid  or  in  nitric  acid  without  producing 
a  color  (absence  of  organic  impurities). 

Its  aqueous  solution  should  not  be  precipitated  by  mercuric  potassium  iodide 
T.S.  (absence  of  alkaloids). 

Tests  for  Identity. — Given  above. 

Color  Tests. — See  above. 

Impurities. — Organic  impurities,  alkaloids.     Details  above. 

Manufacture. — Made  chiefly  from  the  dust  and  sweepings  of  tea- 
leaves;  treating  a  decoction  of  same  with  lead  acetate,  precipitating 
excess  of  lead  with  hydrogen  sulphide,  and  finally  concentrating 
solution  to  point  at  which  it  crystallizes. 

It  can  also  be  made  from  tea,  coffee,  or  guarana  by  cooking  with 
litharge  and  water,  precipitating  excess  of  lead  with  hydrogen  sul- 
phide, and  crystallizing.  As  the  yield  from  coffee  is  small  (0.87  to 
2.0  per  cent.),  tea  sweepings  (1.5  per  cent,  to  3  per  cent.)  or  guarana 
(5  per  cent.)  are  generally  used. 

Caffeine  was  formerly  considered  an  alkaloid,  but  is  now,  as  men- 
tioned above,  considered  as  a  feebly  basic  principle.  It  differs  from 
alkaloids  in  not  being  precipitated  by  potassio-mercuric  iodide.  Like 
alkaloids,  it  forms  combinations  with  acids,  but  these  possess  such 
weak  union  that  the  pharmacopoeia,  in  the  case  of  the  one  official 
acidulated  compound,  that  with  citric  acid,  does  not  call  it  caffeine 
citrate,  but  citrated  caffeine. 

Dose. — 65  milligrammes  (1  grain). 
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CAFFEINA  CITRATA.     Citrated  Caffeine. 

Recipe. — Caffeine,  fifty  grammes 50  Gm. 

Citric  Acid,  fifty  grammes 50  Gm. 

Distilled  Water,  hot,  one  hundred  cubic  centimeters  100  Cc. 

Dissolve  the  Citric  Acid  in  the  hot  Distilled  Water,  add  the  Caffeine,  and  evapo- 
rate the  resulting  solution,  on  a  water-bath,  to  dryness,  constantly  stirring  toward 
the  end  of  the  operation.  Reduce  the  product  to  a  fine  powder  and  transfer  it  to  well- 
stoppered  bottles. 

A  white  powder,  odorless,  having  a  slightly  bitter,  acid  taste,  and  an  acid  reaction. 

One  part  of  Citrated  Caffeine  forms  a  clear,  syrupy  solution,  with  about  4  parts 
of  hot  water.  Upon  dilution  with  5  parts  of  water,  a  white,  crystalline  precipitate 
(caffeine)  separates,  which  redissolves  when  about  25  parts  of  water  have  been  added. 
It  is  also  soluble  in  a  mixture  of  equal  volumes  of  chloroform  and  alcohol. 

If  0.25  Gm.  of  Citrated  Caffeine  be  mixed  with  5  Cc.  of  concentrated  sulphuric 
acid  in  a  porcelain  dish,  the  mixture  protected  from  dust  and  heated  for  fifteen  min- 
utes on  a  water-bath,  a  lemon-yellow  color,  and  not  a  brown  or  black  color,  should 
develop  (absence  of  tartaric  acid). 

Tests  for  Identity. — Given  above. 

Impurities. — Tartaric  acid.     Details  above. 

Remarks. — Citrated  caffeine,  as  given  above,  is  made  by  blending 
caffeine  with  citric  acid.  The  union  is  not  a  definite  one,  like  the 
alkaloidal  salts,  hence  the  product  is  called  "citrated,"  and  not 
"citrate  of." 

It  is  chiefly  used  for  making  the  effervescent  salt. 

Dose. — 125  milligramriies  (2  grains). 

CAFFEINA   CITRATA  EFFERVESCENS.     Effervescent  Citrated 

Caffeine. 

Recipe. — Citrated  Caffeine,  forty  grammes 40  Gm. 

Sodium  Bicarbonate,   dried  and  powdered,  five 

hundred  and  seventy  grammes 570  Gm. 

Tartaric  Acid,  dried  and  powdered,  three  hundred 

grammes 300  Gm. 

Citric  Acid,  uneffloresced  crystals,  one  hundred  and 

ninety-five  grammes 195  Gm. 

To  make  about  one  thousand  grammes . .   1000  Gm. 

Powder  the  Citric  Acid  and  mix  it  intimately  with  the  Citrated  Caffeine  and 
Tartaric  Acid,  then  thoroughly  incorporate  the  Sodium  Bicarbonate.  Place  the 
mixed  powders  on  a  plate  of  glass  or  in  a  suitable  dish,  in  an  oven  heated  to  between 
93°  and  104°  C.  (199.4°  and  219.2°  F.). 

When  the  mixture  has  acquired  a  moist  consistence  by  the  aid  of  a  careful 
manipulation  with  a  wooden  spatula,  rub  it  through  a  No.  6  tinned-iron  sieve,  and 
dry  the  granules  at  a  temperature  not  exceeding  54°  C.  (129.2°  F.).  Keep  the 
product  in  well-stoppered  bottles. 

Remarks. — Effervescent  citrated  caffeine  is  made  similar  to  the 
other  effervescent  salts,  viz.,  by  rubbing  the  chemical  (citrated 
caffeine  in  this  case)  with  sodium  bicarbonate,  tartaric  acid,  and 
citric  acid,  softening  mass  by  water-bath  heat,  and  granulating  by 
running  through  a  coarse  sieve.  This  product  is  a  pleasant  efferves- 
cent remedy  for  headache  and  nervous  disorders,  and  is  intended  to 
replace  the  many  proprietary  preparations  of  similar  character  on 
the  market. 

Dose. — 4  Gm.  (60  grains). 
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DRUGS   CONTAINING  CAFFEINE 

GUARANA.     Guarana. 

A  dried  paste  consisting  chiefly  of  the  crushed  seeds  of  Paullinia  Cupana  Kunth 
(Fam.  Sapindaceoe),  yielding,  when  assayed  by  the  process  given  on  p.  1023,  not  less 
than  3.5  per  cent,  of  its  alkaloidal  principles. 

Constituents. — Caffeine,  usually  5  per  cent.,  pauUitannic  acid,  gum, 
resin,  volatile  oil,  etc. 

Remarks. — Guarana  is  the  seed  of  Paullinia  Cupana,  ground  up, 
made  into  a  paste  with  water,  rolled  into  cylinders,  and  dried,  either 
by  the  sun  or  by  the  heat  of  a  slow  fire.  Its  manufacture  is  in  the 
hands  of  the  Brazilian  Indians,  and  is  most  primitive.  The  active 
ingredient  of  guarana  is  the  same  as  that  found  in  coffee  and  tea — 
the  official  caffeine.  The  pharmacopceial  assay  will  be  explained  in 
Part  V. 

Medical  Properties. — Stimulant,  somewhat  diuretic.  Administered 
in  the  form  of  the  official  fluidextract  (p.  247),  the  elixir  is  a  popu- 
lar preparation,  and  the  recipe  for  it  will  be  found  in  the  National 
Formulary. 

Dose. — Of  drug,  2  Gm.  (30  grains). 

Kola,  the  seed  of  Stercvlia  acuminata,  has  lately  come  into  popularity  as  a 
stimulant,  owing  this  property  to  the  caffeine  it  contains. 

Coffee,  the  roasted  seed  of  Coffea  Arabica,  and  tea,  the  leaves  of  Thea  chinensis, 
also  owe  their  activity  to  caffeine. 

SIMPLER  RINGED  COMPOUNDS 

Up  to  this  time  we  have  considered  compounds  in  which  the  carbon 
atoms  are  linked  together,  one  after  another,  in  the  nature  of  the 
links  of  a  chain,  but  even  as  the  end  links  of  a  chain  can  be  in  turn 
linked,  forming  an  endless  chain  or  ring,  so  can  end  carbon  atoms  under 
certain  circumstances  be  persuaded  to  link  together,  forming  organic 
bodies  of  a  ring  nature.  We  have  already  discussed  unsaturated 
chain  compound. 

Propylene,  CH2  =  CH — CH3,  and  from  it  can  be  made  the  isomeric  trimethylene, 
having  the  formula 

CH, 

/\ 

CHj CHj. 

This  represents  the  simplest  ring. 

In  f urane,  C4H4O,  we  have  a  ring  of  four  carbon  atoms  in  which  the  end  carbon 
atoms,  however,  are  not  directly  combined,  but  are  linked  by  aid  of  an  oxygen  atom, 
as  shown  in  graphic  formula. 

In  thiophene,  C4H4S,  we  have  a  similar  body,  in  which  the  end  carbon  atoms 
are  linked  by  aid  of  the  sulphuric  atom. 

Pyrrol,  C4H4NH,  is  a  similar  body  in  which  the  end  carbon  atoms  are  attached 
by  means  of  the  NH  group,  these  three  being  expressed  below  by  graphic  formulas: 

Furane.  Thiophene.  Pyrrol. 

CH=CHv  CH  =  CH.  CH  =  CH\ 

CH=CH/  CH=CH^  CH=CH/ 
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Of  these  three  bodies,  furane  and  thiophene  are  of  little  pharmaceutic  interest, 
the  latter  substance  being  discovered  by  Victor  Meyer  as  a  constituent  of  benzene, 
with  which,  curious  to  relate,  it  has  not  merely  been  combined  without  discovery, 
but  actually  gave  chemical  test,  which,  for  a  long  period,  masqueraded  as  a  test  for 
the  identity  of  benzene. 

Pyrrol  is  of  interest  to  us  chiefly  as  the  basis  of   one  of   the  best 
known  iodoform  substitutes,  iodol. 

lODOLUM.     Iodol. 

CJ,.NH  =  566.17 

Tetraiodopyrrol,  a  derivative  of  the  base  pyrrol,  obtained  by  the  direct  action 
of  iodine  upon  the  base  in  the  presence  of  alcohol.  Iodol  should  be  preserved  in 
amber-colored  bottles,  protected  from  light. 

A  light  grayish-brown,  crystalline  powder,  without  odor  or  taste. 

It  is  soluble  in  about  4900  parts  of  water,  9  parts  of  alcohol,  1.5  parts  of  ether, 
and  105  parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  fixed  oils.  It  is  soluble 
in  concentrated  sulphuric  acid,  producing  a  green  solution,  gradually  changing  to 
brown. 

When  heated  to  100°  C.  (212°  F.)  it  remains  unchanged,  but  at  a  temperature 
of  140°  to  150°  C.  (284°  to  302°  F.)  it  is  decomposed  with  the  liberation  of  violet 
iodine  vapors.  When  ignited  it  should  leave  not  more  than  0.1  per  cent,  of  residue 
(limit  of  inorganic  impurities). 

If  0.5  Gm.  of  Iodol  be  shaken  with  100  Cc.  of  water  and  filtered,  the  filtrate 
should  not  be  made  more  than  slightly  opalescent  by  silver  nitrate  T.S.  (absence 
of  hydriodic  acid  or  soluble  metallic  iodides). 

If  0.5  Gm.  of  Iodol  be  shaken  with  100  Cc.  of  water  and  filtered,  the  filtrate 
should  not  communicate  more  than  a  hght  yellowish  tinge  to  chloroform  (absence  of 
appreciable  amount  of  free  iodine). 

Tests  for  Identity  — Given  above. 

Impurities. — Inorganic  impurities,  hydriodic  acid,  iodides,  more 
than  traces  of  free  iodine.     Details  above. 

Remarks. — Iodol  was  discovered  by  Ciamian  and  Silber  in  1885, 
being  tetraiodopyrrol,  as  shown  by  the  following  formula: 


CI=CI 


ii. 


CI 


NH. 


It  is  made  by  directly  combining  iodine  with  pyrrol,  and  has  the 
highest  iodine  contents  of  any  organic  substance  save  iodoform,  and 
is  greatly  superior  to  that  body  in  being  devoid  of  its  disagreeable 
odor.     It  is  a  useful  antiseptic. 

Dose. — 250  milligrammes  (4  grains). 

A  body  of  composition  similar  to  pyrrol  is  pyrazol,  and  a  derivative 
of  this,  phenyl-dimethyl-pyrazolon,  is  the  valuable  synthetic,  anti- 
pyrine.  Below  is  given  the  formula  of  each  of  these  substances  for 
sake  of  comparison: 

Pyrazolon.  Antipyrine. 

CH  =N  \  CH,    CH3 

CH,=CO/  C N  \ 

II  >NC,H, 

H— C CO/ 

48 
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ANTIPYRINA.     Antipyrine. 

CiiHi^NjO  =  186.75 

Phenyldimethylpyrazolon  [C3HN20(CH3)2.CaH5],  obtained  by  the  condensation 
of  phenylhydrazine  with  aceto-acetic  ether,  and  methylation  of  the  product. 

A  colorless,  almost  odorless,  crystalline  powder  or  tabular  crystals,  with  a  slightly 
bitter  taste. 

Soluble  in  less  than  1  part  of  water,  in  1  part  of  alcohol,  1  part  of  chloroform, 
and  in  30  parts  of  ether  at  25°  C.  (77°  F.). 

When  heated  to  113°  C.  (235.4°  F.)  it  melts.  Upon  ignition  it  is  consumed 
without  leaving  a  weighable  residue. 

The  aqueous  solution  has  a  neutral  reaction  upon  litmus-paper,  but  Antipyrine 
unites  directly  with  acids  to  form  salts. 

If  to  an  aqueous  solution  of  Antipyrine,  tannic  acid  T.S.  be  added,  an  abundant 
white  precipitate  (tannate)  is  formed. 

If  0.1  Gm.  of  sodium  nitrite  and  12  Cc.  of  an  aqueous  solution  of  Antipyrine  (1  in 
100)  be  mixed,  a  nearly  colorless  liquid'is  obtained,  which,  upon  the  addition  of  1  Cc. 
of  diluted  sulphuric  acid,  develops  a  deep  green  color  (formation  of  isonitroso-anti- 
pyrine) . 

If  to  2  Cc.  of  a  dilute  aqueous  solution  of  Antipyrine  (1  in  1000)  1  drop  of  ferric 
chloride  T.S.  be  added,  a  deep  red  color  is  produced,  which  upon  the  addition  of  10 
drops  of  sulphuric  acid  is  changed  to  light  yellow. 

Two  Cc.  of  an  aqueous  solution  of  Antipyrine  (1  in  100)  mixed  with  an  equal 
volume  of  nitric  acid  assumes  a  yellowish  color,  passing  to  crimson  on  warming  (dis- 
tinction from  acetanilide  and  acetphenetidin). 

On  warming  0.1  Gm.  of  Antipyrine  with  sodium  hydroxide  T.S.,  and  again 
warming  after  the  addition  of  chloroform,  the  disagreeable  odor  of  phenyl-isocyanide 
should  not  be  developed  (absence  of  acetanilide). 

Tests  for  Identity. — Given  above. 

Impurities. — Acetanilid,  acetphenetidin.     Details  given  above. 

Remarks. — Antipyrine  is  made  by  treating  ethyl-diacetic-ester 
with  phenylmethyl-hydrazine.  It  occurs  in  the  form  of  a  white 
powder,  soluble  in  one  part  of  water,  and  melting  at  about  113°  C. 
Its  most  likely  substitute,  antifebrin,  melts  at  about  the  same  point, 
but  it  is  interesting  to  note  that  antipyrine  mixed  with  antifebrin  does 
not  melt  at  113°  C.,  but  at  45°  C,  so  the  melting-point  is  a  valuable 
means  of  detecting  admixture. 

Antipyrine  is  one  of  the  most  valuable  of  the  antipyretics,  the 
consumption  in  America  and  Europe  being  enormous.  It  was  not 
recognized  by  the  pharmacopoeia  until  this  edition,  as  it  was  a  mon- 
opoly, the  patent  being  controlled  by  a  German  chemical  firm.  Its 
use  is  not  free  from  danger,  hence  pharmacists  should  be  careful  in 
recommending  it.  In  fact,  it  should  not  be  administered  except 
by  direction  of  a  physician. 

Dose. — 250  milligrammes  (4  grains). 

The  large  demand  for  antipyrine  gave  rise  to  the  manufacture 
of  chemicals  of  similar  character.  Among  these  are  benzopyrine 
(antipyrine  benzoate),  salipyrine  (antipyrine  salicylate),  and  iodopy- 
rine,  with  an  atom  of  iodine  replacing  an  atom  of  hydrogen  in  phenyl 
compound.     Hypnal  is  a  combination  of  antipyrine  and  chloral. 

We  have  just  mentioned  ring  compounds  containing  three  and 
I  four  carbon  atoms  respectively;  a  similar  ring  body,  containing  five 
carbon  atoms,  is  pentamethylene:  qjj 

/\ 
CH,    CH« 

J.  I 

CH, — CH» 
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This  is  of  no  interest  in  pharmacy,  and  is  merely  mentioned  as  a  step 
toward  the  ring  compounds  of  real  value — those  possessing  six  carbon 
atoms. 

The  saturated  ring  compound  having  six  carbon  atoms  has  the 
formula  CgHu- 

This  body  can  be  considered  as  hexane  (CgHiJ  (Formula  I),  with  a 
hydrogen  atom  from  each  end  carbon  atom,  which  are  then  linked 
by  the  free  bonds,  giving  a  formula  as  shown  in  Formula  II. 


This  body,  CgHja,  is  called  hexamethylene  or  hexahydrobenzene. 

HEXAMETHYLENAMINA.     Hexamethylenamine. 

CgHijN,  =  139.18 

A  condensation  product  [Hexamethylene-tetramine,  (CH2)gNJ,  obtained  by  the 
action  of  ammonia  upon  formaldehyde.     It  should  be  kept  in  well-stoppered  bottles. 

Colorless,  lustrous,  odorless  crystals,  having,  when  in  aqueous  solution,  an  alka- 
line reaction  upon  red  htmus-paper. 

Soluble  in  about  1.5  parts  of  water,  10  parts  of  alcohol,  and  in  228  parts  of  ether 
at  25°  C.  (77°  F.);  in  1.5  parts  of  water  at  100°  C.  (212°  F.)  and  in  about  8  parts  of 
hot  alcohol. 

When  heated  to  263°  C.  (505.4°  F.)  it  sublimes  without  melting  and  with  partial 
decomposition. 

If  0.1  Gm.  of  Hexamethylenamine  be  mixed  with  0.1  Gm.  of  salicylic  acid  and 
5  Cc.  of  sulphuric  acid,  and  then  heated  moderately,  a  carmine-red  color  should  be 
produced. 

If  an  aqueous  solution  of  Hexamethylenamine  (1  in  10)  be  heated  with  diluted 
sulphuric  acid,  it  is  decomposed  with  the  hberation  of  formaldehyde  (recognized  by 
its  odor  or  by  its  darkening  paper  moistened  with  silver  ammonium  nitrate  T.S.). 

If  an  aqueous  solution  (1  in  10)  be  heated  with  diluted  sulphuric  acid  and  then 
supersaturated  with  solution  of  sodium  hydroxide,  ammonia  is  liberated. 

If  to  an  aqueous  solution  (1  in  10)  tannic  acid  T.S.  be  added,  a  precipitate  is 
formed.  If  mercuric  chloride  T.S.  be  added  to  an  aqueous  solution  (1  in  10),  a  pre- 
cipitate is  produced  which  on  standing  forms  crystalline  needles. 

Tests  for  Identity. — Given  above. 

Remarks. — While  hexamethylenetetramine  can  in  some  respects  be 
best  discussed  at  this  place,  from  the  purely  chemical  standpoint  it 
might  be  better  considered  as  a  condensation  product  of  formaldehyde, 
from  which  it  is  made.  In  truth,  it  has  but  little  in  common  with 
hexamethylene,  discussed  above,  its  structure  being  quite  different 
from  that  chemical,  its  graphic  formula  being — 
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^/Ch/%H3.^ 


N 


It  is  known  in  commerce  as  cystogen,  formin,  urotropin,  etc.,  and  is 
used  as  a  uric-acid  solvent  and  urinary  antiseptic. 

Dose. — 250  milligrammes  (4  grains). 

From  hexamethylene  (CgHja)  it  is  but  a  simple  step  (theoretically) 
to  benzene,  CgHg  (or  benzol). 

If  from  the  graphic  formula  of  hexamethylene  given  above  the  six 
hydrogen  atoms  inside  the  hexagon  are  removed,  and  freed  bonds  of 
the  carbon  atoms  are  linked,  we  get  the  formula  of  benzene: 

Formula  III. 
H 


HC 


^ 


CH 


HC 


CH 


i 

Observe  in  the  latter  formula  we  have  a  hexagon  or  ring  of  six 
carbon  atoms,  each  linked  to  one  neighbor  by  one  bond,  and  to  the 
other  by  two  or  by  "a,  double  bond,"  as  we  say.  We  have  stepped 
from  the  fatty  to  the  aromatic  hydrocarbons — from  the  chain  to  the 
ring  series. 


CHAPTER  XLIII 

THE  AROMATIC  SERIES 

BENZENE  AND  ITS  DERIVATIVES 

Up  to  this  page,  Part  IV.  has  been  devoted  to  the  chain  of  fatty 
series,  they  being  so  called  because  a  large  number  of  their  com- 
pounds were  of  fatty  character.  The  next  class  of  organic  chemicals 
to  consider  is  the  aromatic  series;  so  called  because,  among  them,  are 
found  most  of  the  aromatic  substances  in  general  use.  All  contain 
as  a  nucleus  a  ring  compound,  based  on  the  benzene  type  of  hydro- 
carbons. 

The  graphic  formula  of  benzene  given  in  the  preceding  chapter 
is  the  one  generally  accepted,  it  answering  best  all  the  requirements 
of  a  body  having  the  formula  CgHg. 

This  formula  is  the  one  suggested  by  Professor  Kekul6,  of  Bonn, 
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whose  work  on  this  very  difficult  subject  has  given  him  a  place  among 
the  great  philosophers,  and  one  of  the  most  striking  proofs  of  the 
truth  of  Kekul^'s  formula  is  the  fact  that  it  has  withstood  the  criticism 
of  fifty  years,  and  is  more  firmly  accepted  now  than  ever  before. 

The  chief  difficulty  of  ascribing  graphic  formulas  of  the  body 
CgHg  was  found  in  reconciling  the  formula  to  the  tetravalency  of  the 
carbon  atoms.  As  shown  on  the  preceding  page,  there  is  known  a 
ring  compound  containing  six  carbon  atoms  united  by  single  bonds. 
This  means  two  hydrogen  atoms  attached  to  each  carbon  atom,  a 
body  having  the  formula  CgHjj.  For  a  body  to  have  the  formula 
CgHg  means  that  every  one  of  the  six  carbon  atoms  will  have  one 
unsaturated  bond,  a  theory  first  advanced  by  Kekul§. 

Other  graphic  formulas  for  benzene  have  been  suggested,  and  these 
are  pictured  below.  Thus,  in  Klaus'  formula,  the  extra  bonds  of  the 
carbon  atoms  are  placed  diagonally  from  carbon  to  carbon  atom. 

Baeyer  considers  these  extra  bonds  as  gravitating  toward  the 
center  of  the  compound  without  forming  a  distinct  union  with  any 
other  bond,  while  Ladenberg  assumes  a  totally  different  form,  pictured 
below  and  called  the  prism  form: 


KekiU6. 


Benzene  Formulas. 
Klaus.  Baeyer. 


Ladenberg. 
HCc ^CH 


Each  of  these  separate  formulas  has  its  advantages,  and  each  shows 
some  difficulties  in  reconciling  them  to  the  facts.  And,  after  all  the 
arguments  are  weighed,  the  time-honored  Kekul6  formula  seems  the 
most  satisfactory. 

Benzene  is  what  is  commercially  called  benzol,  preference  being 
given  to  the  first  name,  because  of  the  desire  to  limit  the  termination 
"ol"  to  the  alcohols.  In  this  case  the  change  is  unfortunate,  inas- 
much as  it  leads  to  confusion  between  this  aromatic  body  and  the 
official  benzin,  which  is  a  petroleum  product,  of  character  totally 
different  from  the  benzene  of  which  we  are  now  speaking. 

Benzene  was  discovered  by  Faraday  in  1825.  It  was  found  in 
coal-tar  in  1845  by  Hoffman,  whose  researches  into  the  formation  of 
dye-stuffs  was  a  wonderful  impetus  to  the  benzene  industry.  Benzene 
can  be  made  by  distilling  benzoic  acid  with  chalk,  but  now  practically 
the  entire  output  is  from  coal-tar,  that  side-product  in  the  manufacture 
of  coal-gas  from  which  so  many  valuable  synthetics  have  been  made 
in  recent  years. 

Benzene  in  itself  has  comparatively  limited  use,  being  employed 
almost  entirely  as  a  solvent  for  fats  and  the  like.  Its  derivatives, 
however,  are  very  numerous,  and  many  of  them  of  great  commercial 
value. 
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The  statement  given  above  of  the  danger  of  confusion  of  benzene 
with  benzin  makes  a  simple  test  of  distinction  between  these  two 
bodies  advisable,  and  this  we  have  in  their  action  on  carbolic  acid. 
Benzin  does  not  dissolve  phenol,  while  benzene  does.  By  treating 
benzene  with  concentrated  nitric  acid  and  subsequent  distillation 
we  are  able  to  replace  one  of  the  hydrogens  of  benzene  by  an  NOg 
group,  giving  us  nitrobenzene,  CgHgNOj,  which  is  commercially 
called  oil  of  mirbane,  and  very  erroneously  called  artificial  oil  of  bitter 
almond,  by  reason  of  its  somewhat  similar  odor.  Oil  of  mirbane  is 
used  as  a  perfume  for  cheap  soap. 

Phenols  are  a  class  of  ^Icqhpls  peculiar  to  the  benzene  series,  the 
hydroxyl  being  attached  (Tirectiy "  to  the  benzene  nucleus,  and  its 
simplest  example  is  the  ordinary  phenol,  which  is  generally  known  as 
carbolic  acid,  and  which  can  be  considered  as  the  hydroxide  of  phenyl, 
the  latter  word  being  the  designation  of  the  radicle,  C^Hg.  These 
phenyls  are  like  alcohols,  inasmuch  as  they  form  ethers,  an  example 
of  which  is  the  phenyl  methyl  ether,  CgHgOCHa,  commercially  known 
as  anisol,  and,  like  the  alcohols,  form  esters,  an  example  of  which  is 
the  official  salol  (phenyl  salicylate).  However  they  are  unlike  the 
primary  alcohols,  inasmuch  as  they  do  not  oxidize  to  aldehydes, 
and  in  most  reactions  will  resemble  the  tertiary  alcohols,  it  being  a 
very  difficult  matter  to  oxidize  same,  although  ketones  are  sometimes 
formed. 

As  stated  above,  the  best  known  phenol  is  what  is  known  as  carbolic 
acid,  and  this  is  called  an  "acid"  because  it  forms  salts  with  the 
alkalis.  From  it,  for  example,  we  obtain  sodium  carbolate  (CgHs- 
ONa)  and  potassium  carbolate  (CaH^OK),  It  must  be  recalled, 
however,  that  even  the  alcohols  of  the  chain  series  yield  similar  com- 
pounds, for  instance,  sodium  alcoholate,  CgHjONa  (p.  655).  The 
carbolate,  however,  differs  from  the  alcoholate,  inasmuch  as  this  can 
be  made  from  carbolic  acid  by  simply  treating  with  alkali,  whereas 
to  make  a  sodium  compound  from  alcohol  requires  treatment  with 
the  metal  itself. 

The  phenols  possess  most  of  the  reactions  of  the  benzene  nucleus 
from  which  they  are  derived;  that  is,  the  hydrogen  of  the  benzene 
nucleus  can  be  replaced  by  chlorine,  the  NOj  group,  and  the  like. 
An  official  illustration  of  such  a  modified  phenol  obtained  is  sodium 
sulphocarbolate  (p.  469). 

The  following  derivatives  of  benzene  are  of  interest  in  pharmacy: 

Phenol C9H5OH. 

Liquefied  phenol 86  per  cent,  solution  of  phenol. 

Crude  carbolic  acid,  U.  S.  P.  1890. 

Anisol C.Hs— OCH3. 

OIT 
Phenol  sulphuric  acid CeH4<gQ  tt 

OTT 
Guaiacol ^8^<^OCH 

Guaiacol  carbonate (CjH^OCH30)2CO. 

Resorcinol " C8H4(OH)a. 

PyrogaUol CeH3(OH)3. 

Anilin CeH^NHj. 

Methylthionine  hydrochloride CigHigNaSCl. 

Acetanilide CgH5NHC2H30. 

OP  TT 
Acetphenetidine ^o^^^NHC  II  O 
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PHENOL.     Phenol. 

CHjOH  =  93.34 
[AciDUM  Carbolicum,  Pharm.  1890] 

Hydroxybenzene,  obtained  either  from  coal-tar  by  fractional  distillation,  and 
subsequent  purification,  or  made  synthetically.  It  should  contain,  when  assayed 
by  the  process  given  below,  not  less  than  96  per  cent,  of  absolute  Phenol.  It  should 
be  kept  in  dark  amber-colored,  well-stoppered  bottles. 

Colorless,  interlaced,  or  separate  needle-shaped  crystals,  or  a  white,  crystalline 
mass,  sometimes  acquiring  a  reddish  tint;  having  a  characteristic,  somewhat  aromatic 
odor;  when  copiously  diluted  with  water,  it  has  a  sweetish  taste,  with  a  slightly 
burning  after-taste,  and,  when  undiluted,  cauterizes  and  whitens  the  skin  and 
mucous  membrane. 

Soluble  in  19.6  parts  of  water  at  25°  C.  (77°  F.),  the  solubihty  varying  according 
to  the  degree  of  hydration  of  the  Phenol;  very  soluble  in  alcohol,  ether,  chloroform, 
benzene,  carbon  disulphide,  glycerin,  fixed  and  volatile  oils;  almost  insoluble  in 
petroleum  benzin. 

When  gently  heated.  Phenol  melts,  forming  a  highly  refractive  liquid.  It  is 
also  liquefied  by  the  addition  of  about  8  per  cent,  of  water.  If  the  Phenol  be  lique- 
fied by  a  gentle  heat,  and  then  slowly  cooled  under  constant  stirring,  until  it  is  partly 
recrystallized,  the  semiliquid  mass  should  have  a  temperature  (remaining  stationary 
for  a  short  time)  not  lower  than  40°  C.  (104°  F.). 

Phenol  should  have  a  boiling-point  not  higher  than  188°  C.  (370.4°  F.).  A  lower 
boiling-point  or  a  higher  melting-point  indicates  a  less  hydrated  Phenol. 

When  heated  upon  a  water-bath  it  should  be  volatilized  without  leaving  a 
residue.     The  vapor  is  inflammable. 

Phenol  is  faintly  acid  to  blue  litmus-paper. 

Its  aqueous  solution  yields,  with  bromine  water,  a  white  precipitate  of  tribrom- 
phenol,  which  at  first  redissolves,  but  becomes  permanent  as  more  of  the  reagent 
is  added,  and  appears  crystalline  when  viewed  under  the  microscope. 

On  adding  to  10  Cc.  of  an  aqueous  solution  of  Phenol  (1  in  100)  1  drop  of  ferric 
chloride  T.S.,  the  liquid  acquires  a  violet-blue  color,  which  is  permanent. 

One  volume  of  cold,  hquefied  Phenol  (rendered  liquid  by  the  addition  of  8  per 
cent,  of  water)  forms,  with  1  volume  of  glycerin,  a  clear  hquid  which  is  not  rendered 
turbid  by  the  addition  of  3  volumes  of  water  (absence  of  creosote  and  of  cresol). 

Tests  for  Identity. — Given  above. 

Impurities. — Creosote   and   cresol.     Details   above. 

Assay. — Details  in  Part  V. 

Remarks. — This  phenol  was  discovered  by  Runge,  in  1834,  as  a 
constituent  of  coal-tar,  from  which  it  is  separated  by  contact  with 
potassium  hydroxide  (thus  forming  potassium  carbolate);  separation 
of  the  acid  from  potassium  carbolate  by  treating  with  sulphuric  acid 
and  fractional  distillation  of  the  freed  product.  Carbolic  acid  has 
also  been  made  synthetically  from  benzene  by  conversion  of  benzene 
into  benzosulphonic  acid,  CgHgSOaNa,  and  fusing  this  with  sodium 
hydroxide,  when  sodium  carbolate  and  sodium  sulphite  are  produced: 

CgH5S03Na     +     2NaOH     =     CeHjONa     +     Na^SOj     -I-     HjO. 

The  official  carbolic  acid  occurs  in  colorless,  needle-shaped  crystals 
having  a  characteristic  odor  and  sweetish  taste.  It  should,  however, 
never  be  tasted  in  concentrated  form. 

The  solubility  of  the  crystalline  carbolic  acid  is  a  matter  of  interest. 
One  hundred  parts  dissolve  8  parts  of  water  to  a  clear  liquid.  If  more 
water  be  added,  it  clouds,  since  the  acid  will  dissolve  no  more.  This 
cloudiness  is  continued  until  1500  parts  of  water  have  been  added, 
when  the  conditions  are  reversed  and  the  water  dissolves  the  acid._ 

Some  of  the  crystalline  carbolic  acids,  especially  those  of  English 
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ire,  acquire  a  reddish  tint  on  standing,  and  the  origin  of  this 

-tsicieable  phenomenon  is  still  a  matter  of  question.  Some  claim 
that  the  nitrogen  of  the  air  acts  on  the  phenol,  forming  one  of  the 
numerous  dye-stuffs  obtained  from  benzene.  Others  think  it  due  to 
organic  impurities,  but  Schneider  furnishes  strong  proof  that  copper 
contamination  is  the  cause.  The  removal  of  this  color  is  a  matter 
of  considerable  difficulty;  the  only  perfect  way  is  by  the  redistillation 
of  the  carbolic  acid,  an  operation  that  is  not  safe  for  an  ordinary 
pharmacist. 

It  must  be  borne  in  mind  that  the  vapors  of  carbolic  acid  are  in- 
flammable, and,  therefore,  great  care  should  be  used  in  melting  same 
by  means  of  heat;  in  fact,  the  best  way  to  melt  the  substance  is  to  dip 
the  bottle  in  heated  water  rather  than  to  heat  the  mass  direct,  even 
on  a  water-bath. 

Carbolic  acid  has  a  number  of  characteristic  reactions,  among 
which  may  be  cited  the  violet-blue  color  it  gives  with  a  drop  of  ferric 
chloride  solution,  its  coagulating  action  on  albumin  and  collodion,  and 
the  yellow  precipitate  with  bromine.  The  first  two  tests  are  of  in- 
terest as  distinguishing  between  itself  and  creosote,  carbolic  acid  being 
a  frequent  substitute  for  the  more  costly  wood-tar  products.  The 
bromine  reaction  is  of  interest  as  the  basis  of  the  volumetric  estimate 
of  carbolic  acid  (see  Part  V). 

As  mentioned  above,  carbolic  acid  can  be  liquefied  by  addition  of 
8  per  cent,  of  water.  This  solution,  however,  is  scarcely  as  desirable 
as  one  liquefied  by  an  addition  of  a  small  quantity  of  alcohol  although 
even  that  may  be  objectionable  on  account  of  possible  irritating 
qualities  of  the  alcohol.  This  solution,  the  so-called  95  per  cent, 
carbolic  acid,  is  what  is  generally  dispensed  in  answer  to  calls  for  pure 
carbolic  acid  instead  of  the  crystals  themselves.  The  extended  use 
of  this  95  per  cent,  carbolic  acid  by  suicides,  and  the  almost  invariable 
fatal  results  from  use  in  this  way,  render  it  necessary  for  pharmacists 
to  use  great  caution  in  selling  same.  In  the  city  of  Cleveland  the 
pharmacists  have  attempted  to  introduce  for  general  dispensing 
purposes  a  33  per  cent,  carbolic  acid,  made  by  mixing  the  crystals  with 
a  sufficient  quantity  of  glycerin.  This  solution  serves  all  the  legiti- 
mate purposes  of  carbolic  acid,  is  freely  miscible  with  water  in  all  pro- 
portions, and  is  of  sufficient  strength  for  any  real  needs  for  this  anti- 
septic; while,  on  the  other  hand,  if  the  would-be  suicide  administers 
same,  corrosive  action  is  scarcely  likely  to  occur,  and  this  is  usually 
the  cause  of  death.  Such  carbolic  acid  is  sold  in  Cleveland  under  the 
name  of  "carbolic  acid  No.  33." 

Carbolic  acid  is  one  of  the  most  valuable  of  all  antiseptics,  its  germi- 
cidal action  being  due  to  the  fact  that  it  coagulates  albumin.  In  full 
strength  it  is,  as  mentioned  above,  a  very  caustic  poison,  the  antidote 
for  which  is  sodium  sulphate,  followed  by  mucilaginous  drinks.  Recent 
investigation  shows  that  oil  should  never  be  used  for  an  antidote  for 
carbolic  acid,  for  while  oil  lessens  the  caustic  effect  by  dissolving  the 
carbolic  acid,  it  then  brings  it  to  a  form  best  adapted  to  assimilation  by 
the  system;  in  other  words,  while  being  an  antidote  for  the  caustic 
effect  of  the  poison,  it  opens  the  way  for  it  to  exert  its  physiologic 
influence. 

Sodium  sulphate  is  suggested    as   an  antidote  because  it  forms 
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with  carbolic  acid  the  harmless  sodium  sulphocarbolate,  and  this 
being  produced,  the  escharotic  action  of  the  acid  is  relieved  by  muci- 
laginous liquids,  such  as  mucilage  of  flax-seed.  Alcohol  has  also  been 
suggested  as  an  antidote  for  carbolic  acid.  The  official  preparations 
of  carbolic  acid  are  a  5  per  cent,  omtment  and  the  glycerite,  which 
contains  20  per  cent,  of  the  phenol.  In  some  sections  carbolic  oil,  made 
by  combining  phenol  with  either  olive  oil  or  cotton  seed  oil,  in  pro- 
portions from  one  to  eight,  is  a  favorite  remedy  for  cuts  and  sores. 
Dose. — 65  milligrammes  (1  grain). 

PHENOL  LIQUEFACTUM.     Liquefied  PhenoL 

A  liqiiid  composed  of  not  less  than  86.4  per  cent.,  by  weight,  of  absolute  Phenol 
[C,H50H  =  93.34]  and  about  13.6  per  cent.,  by  weight,  of  water. 

Recipe. — Phenol,  a  convenient  quantity. 

Distilled  Water,  a  sufficient  quantity. 

Liquefy  the  Phenol  by  placing  the  unstoppered  container  in  a  water-bath,  and 
apply  heat  gradually  until  the  crystals  have  melted;  transfer  the  liquid  to  a  tared 
vessel  and  weigh;  then  add  for  each  nine  grammes  of  Phenol  one  gramme  of  Distilled 
Water  and  mix  thoroughly.  It  should  be  kept  in  dark  amber-colored,  well-stoppered 
bottles. 

A  colorless  liquid,  which  may  develop  a  slight  reddish  tint  upon  keeping,  having 
a  characteristic,  somewhat  aromatic  odor,  and  when  copiously  diluted  with  water, 
a  sweetish  taste  with  a  slightly  burning  after-taste,  and,  when  undiluted,  cauterizing 
and  whitening  the  skin  and  mucous  membrane. 

Specific  gravity:  about  1.065  at  25°  C.  (77°  F.). 

Soluble  in  12  parts  of  water  at  25°  C.  (77°  F.).  Miscible  with  alcohol,  ether,  and 
glycerin  in  all  proportions. 

One  part  of  Liquefied  Phenol  acquires  a  permanent  cloudiness  when  mixed  re- 
spectively with  2  parts  of  chloroform,  1.5  parts  of  benzene,  2.5  parts  of  carbon  disul- 
phide,  2  parts  of  turpentine,  or  2.5  parts  of  olive  oil. 

Liquefied  Phenol  begins  to  crystallize  when  the  temperature  of  the  liquid  is 
lowered  to  about  13.5°  C.  (56.3°  F.). 

When  heated,  Liquefied  Phenol  begins  to  boil  at  about  115°  C.  (239°  F.),  and 
upon  continuing  the  heat  the  boiling-point  rises;  it  should  not  exceed  188°  C.  (370.4° 
F.).  When  thus  deprived  of  water,  it  should  respond  to  the  tests  given  under 
Phenol. 

Remarks. — As  mentioned  under  Phenol,  that  chemical  forms  a 
permanent  liquid  by  the  addition  of  from  8  to  10  per  cent,  water,  and 
this  liquid  has  been  given  pharmacopoeial  recognition.  Its  use  is,  of 
course,  the  same  as  phenol. 

Dose. — 0.05  Cc.  (1  minim). 

Acidum  Carbolicum  Crudtun  (U.  S.  P.  1890). — Crude  carbolic  acid  is  a  liquid 
consisting  of  various  constituents  of  coal-tar  obtained  by  fractional  distillation. 
The  official  crude  carbolic  acid  is  a  nearly  colorless  or  reddish  or  brownish-red  liquid, 
and  possesses  a  characteristic  odor.  The  true  carboUc  acid  ordinarily  sold  in  stores 
represents  a  very  dirty  black  liquid,  which  has  but  little  value,  as  it  is  notoriously 
weakened  by  addition  of  water.  Crude  carbolic  acid  is  used  entirely  as  a  disinfectant, 
for  which  purpose  it  is  better  than  the  crystals,  because  it  contains  a  large  quantity 
of  cresol  in  addition  to  its  chief  constituent,  phenol. 

Anisol,  CgHsOCHj,  as  mentioned  above,  is  phenylmethyl-ether.  We  have 
already  learned  that  if  methyl  alcohol  and  ethyl  alcohol  are  combined  in  the  presence 
of  sulphuric  acid,  there  will  be  yielded  methyl-ethyl-ether,  and  in  the  same  way  if 
methyl  alcohol  and  phenol  are  mixed  in  the  presence  of  sulphuric  acid,  methylphenyl- 
ether,  or  anisol,  is  produced.  As  its  name  suggests,  it  is  the  chief  constituent  of  oil 
of  anise. 

As  the  consideration  of  methyl  salicylate  was  deferred  imtil  we  had  discussed 
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salicylic  acid,  it  is  consistent  to  refer  the  official  phenyl  salicylate,  or  salol,  to  the  same 
heading. 

Picric  acid,  CeH3(N02)30H,  is  a  trinitrophenol;  that  is,  it  is  phenol  in  which 
three  of  the  hydrogen  atoms  of  the  benzene  nucleus  are  replaced  oy  NO3  groups, 
these  groups  replacing  the  hydrogen  attached  to  carbon  atoms  one,  two,  and  four 
respectively. 

At  this  place  it  might  be  stated  that,  for  purposes  of  convenience,  chemists  have 
numbered  the  carbon  atoms  of  the  benzene  ring  as  shown  below: 

Benzene.  Picric  acid. 

H  NO2 

^    (i)\  ^   (1)   \ 

HC(6)         (2)CH  H0C(6)        (2)CN0, 

I  II  •  I  II 

HC(5)         (3)CH  HC(5)         (3)CH 

V    (4)    /  \    (4)    / 

H  I 

Picric  acid  is  made  by  treating  trinitrobenzene  with  potassium  ferricyanide. 
It  appears  in  bright  yellow  crystals,  soluble  in  water,  having  a  strong  acid  character, 
and  very  explosive,  hence  should  be  handled  by  the  pharmacist  with  the  utmost 
care.  It  is  not  used  much  in  pharmacy,  its  chief  value  being  as  a  dye  for  silk;  in 
certain  countries  it  is  used  as  an  explosive,  and  in  chemistry  it  is  used  as  a  reagent  for 
alkaloids,  and  also  for  albumin  and  sugar  in  urinalysis. 

Sulphocarbolic  acid  (or  phenol  sulphonic  acid)  is  a  body  prepared  by  treating 
carbolic  acid  with  sulphuric  acid.  Its  composition  is  best  vmderstood  from  the 
graphic  formula: 

OH 

HC         CH 

J.  II 

HC         CH 

\]/ 
SO3H 

The  official  sodium  salt  of  this  acid  is  made  by  treating  mixture  of  sulphuric 
acid  and  carbolic  acid  with  barium  carbonate,  whereby  solution  of  barium  sulpho- 
carbolate  is  produced,  and  this  solution,  on  being  treated  with  a  molecular  quantity 
of  sodium  carbonate,  produces  sodium  sulphocarbolate,  while  the  barium  is  pre- 
cipitated as  barium  carbonate.     (See  Sodium  Compounds,  p.  469.) 

Soziodol  represents  sidphocarbolic  acid  in  which  two  of  the  hydrogen  atoms 
of  the  benzene  nucleus  have  been  replaced  by  iodine,  and,  indeed,  those  hydrogens 
attached  to  the  carbon  atoms  numbers  two  and  six. 

This  is  used  as  an  antiseptic  in  the  form  of  ammonium,  barium,  lead,  and  other 
metallic  salts. 

Sozol  is  a  trade  name  for  aluminum  sulphocarbolate. 

Aseptol  is  an  aqueous  solution  of  orthosulphocarbolic  acid.  This  body  differs 
from  sulphocarbolic  acid,  mentioned  above,  in  having  the  hydroxyl  and  sulphonic 
acid  (SO3H)  groups  on  adjoining  carbon  atoms,  this  distinction  between  ortho-, 
meta-,  and  para-compoimds  being  reserved  for  discussion  later. 

DIATOMIC  PHENOLS 

As  we  already  learned  when  considering  the  fatty  series,  besides 
alcohols  containing  one  hydroxyl,  similar  bodies  have  been  found  con- 
taining two,  three,  and  even  more  hydroxyls,  these  being  examples 
of  polyatomic  alcohols.     Thus,  glycerin,  which,  it  will  be  recalled,  has 
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the  formula  C3H5(OH)3,  is  a  polyatomic  alcohol.     In  the  same  way  we 
can  have  polyatomic  phenols. 

The  simplest  of  these  phenols  are  the  diatomic — those  possessing  two 
hydroxyl  groups.  The  direct  benzene  derivatives  of  this  class  have 
the  formula  CqH^(0'H.)2,  and  with  this, .as  with  all  di-derivatives  of 
benzene,  we  have  three  types,  based  on  the  relative  positions  of  the 
two  substituted  radicles.  Taking  C8H4(OH)2  as  example,  we  can  best 
explain  the  three  modifications  by  the  graphic  formulas  given  below: 

Or</io-dioxybenzene.  Afeta-dioxy  benzene.  Para-dioxybenzene. 

COH  COH  COH 

</\  ^\  -^\ 

^  (1)  \  ^  (1)  \  ^  (1)  \ 

HC(6)     (2)C0H  HC(6)      (2)CH  HC(6)      (2)CH 

I  II  I  II  1  II 

HC(6)      (3)CH  HC(5)     (3)C0H  HC(5)      (3)CH 

%  (4)  /  \  (4)  /  %    (4)  / 

%/  \/  \/ 

C  C  COH 

H  H 

Pyrocatechin  or  catechol.  Resorcin  or  resorcinol.  Hydroquinone  or  quinol. 

It  will  be  seen  that  the  ortho-body  is  one  in  which  the  two  hydroxyl 
groups  are  on  adjoining  carbon  atoms;  the  meta-  is  the  one  in  which 
one  carbon  atom  intervenes  between  the  two  hydroxyl  groups  on  one 
side,  and  three  on  the  other,  whereas  the  para-compounds  have  two 
carbon  atoms  intervening  between  the  hydroxyl  groups. 

Possibly  a  clearer  explanation  of  this  is  by  numbering  the  carbon 
atoms  as  above,  and  saying  that  in  the  ortho-body  the  hydroxyl 
groups  are  attached  to  carbon  atoms  number  one  and  two;  in  the 
meta-,  the  hydroxyl  groups  are  attached  to  carbon  atoms  number 
one  and  three;  and  in  the  para-bodies,  the  hydroxyl  groups  are  at- 
tached to  carbon  atoms  number  one  and  four. 

It  is  hardly  necessary  to  note  that  this  numbering  is  purely  arbitrary,  and  that 
a  benzene  in  which  two  radicles  are  attached  to  carbon  atoms  four  and  five  would  be 
as  much  ortho-  as  is  that  attached  to  one  and  two  as  given  above. 

Of  the  three  diatomic  phenols  having  the  formula  CeH4(OH)2, 
the  ortho-compound  is  called  pyrocatechin;  the  meta-,  resorcin,  and 
the  para-,  hydroquinone. 

Pyrocatechin,  obtained  by  destructive  distillation  of  catechin, 
is  a  constituent  of  catechu,  U.  S.  P.  1890.  It  is  of  no  pharmaceutic 
value.     The  methyl  ether  of  same,  however,  is  guaiacol. 

GUAIACOL.     Guaiacol. 

CtHsOj  =  123.13 

One  of  the  chief  constituents  [C8H<(OH)(OCH3)  1:2]  of  creosote,  the  product 
from  beechwood  tar,  obtained  by  collecting  and  purifying  the  fraction  of  creosote 
boihng  between  200°  and  205°  C.  (392°  and  401°  F.);  or  prepared  synthetically 
from  either  catechol  by  methylating,  or  from  ortho-anisidin  by  diazotizing  and  boil- 
ing.    Guaiacol  should  be  preserved  in  amber-colored  bottles,  protected  from  light. 

A  colorless,  crystalline  solid,  melting  at  28.5°  C.  (83.3°  F.),  or  a  colorless,  re- 
fractive Hquid,  boiling  at  205°  C.  (401°  F.),  having  an  agreeable  aromatic  odor. 

Specific  gravity  of  Uquid:  1.140  at  25°  C.  (77°  F.). 
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Soluble  in  53  parts  of  water  at  25°  C.  (77°  F.)  and  in  alcohol  and  ether  in  all 
proportions;  soluble  in  acetic  acid  and  in  1  part  of  glycerin. 

The  addition  of  ferric  chloride  T.S.  to  an  alcoholic  solution  of  Guaiacol  (1  in  100) 
causes  an  immediate  blue  color,  changing  to  emerald-green,  and  finally  becoming 
yellowish. 

If  2  Cc.  of  Guaiacol  be  shaken  with  4  Cc.  of  petroleum  benzin,  the  mixture 
should  separate,  on  standing,  into  two  distinct  layers.  Turbidity  or  failure  to 
separate  into  layers  indicates  the  presence  of  impurities. 

One  Cc.  of  Guaiacol  should  dissolve  in  2  Cc.  of  sodium  hydroxide  T.S.,  when 
heated,  and,  on  cooling,  the  mixture  should  congeal  to  a  white  mass.  Coloration 
or  failure  to  congeal  indicates  the  presence  of  impurities.  The  white  mass  thus  ob- 
tained should  form  a  clear  solution  with  20  volumes  of  water  (turbidity  indicates  oily 
hydrocarbons). 

One  Cc.  of  Guaiacol,  when  added  to  10  Cc.  of  concentrated  sulphuric  acid,  should 
develop  a  pure  yellowish  color  in  the  liquid  (a  reddish  color  indicating  creosote). 

Tests  for  Identity. — Given  above. 

Impurities. — Oily  hydrocarbons  and  creosote.     Details  above. 
\J  This  substance  can  be  made  synthetically  by  cooking  pvrocatechin 

with  a  mixture  of  potassa  and  potassium  methyl  si3Tphate,  although  it 
is  usually  prepared  commercially  by  the  rectification  of  creosote. 

Guaiacol  is  one  of  our  most  valuable  internal  antiseptics,  and  for 
this  purpose  is  used  both  in  tuberculosis  and  also  in  intestinal  troubles. 

Dose. — 0.5  Cc.  (8  minims). 

GUAIACOLIS   CARBONAS.     Guaiacol  Carbonate. 

(C7H70)2C03  =  272.05 

A  guaiacol  derivative  [(C8H^(0CH3)0)2.C0],  obtained  by  the  action  of  carbonyl 
chloride  upon  sodium  guaiacolate. 

White,  crystalline  powder,  of  neutral  reaction,  almost  tasteless  and  odorless. 

Insoluble  in  water;  soluble  in  48  parts  of  alcohol,  1.5  parts  of  chloroform,  and 
13  parts  of  ether  at  25°  C.  (77°  F.);  readily  soluble  in  hot  alcohol  and  benzene; 
slightly  soluble  in  glycerin  and  fatty  oils. 

When  heated  between  84°  and  87°  C.  (183.2°  and  188.6°  F.)  it  fuses. 

Guaiacol  Carbonate  is  at  once  decomposed  when  treated  with  alcoholic  potas- 
sium hydroxide  T.S.,  and  from  the  solution  so  obtained  guaiacol  may  be  separated 
on  the  addition  of  an  acid. 

An  alcoholic  solution  of  Guaiacol  Carbonate  should  not  yield  a  bluish-green 
color  on  the  addition  of  ferric  chloride  T.S.  (absence  of  free  guaiacol). 

Tests  for  Identity. — Given  above. 

Impurities. — Free  guaiacol.     Details  above. 

Remarks. — This  solid  derivative  of  guaiacol  is  known  as  duotal. 
Its  use  is  similar  to  guaiacol,  over  which  it  possesses  the  advantage 
of  being  less  irritating. 

Dose. — 1  Gm.  (15  grains). 

Benzozol,  CgH^<QQQA  tt  is  the  benzoic  acid  ester  of  guaiacol,  and  is  used 
like  it. 

RESORCINOL.     Resorcinol. 

CeHA  =  109.22 
[Resorcinum,  Pharm.  1890] 

A  diatomic  phenol  [metadihydroxybenzene,  C5H^(OH)2  1 : 3],  obtained  usually 
by  the  reaction  of  fused  sodium  hydroxide  upon  sodium  metabenzenedisulphonate. 
Resorcinol  should  be  kept  in  dark  amber-colored  vials. 
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Colorless,  needle-shaped  crystals,  having  a  faint,  peculiar  odor  and  a  sweetish, 
followed  by  a  bitter,  taste.     It  acquires  a  pinkish  tint  on  exposure  to  light  and  air. 

Soluble  in  0.5  part  of  water  at  25°  C.  (77°  F.),  slightly  more  soluble  in  alcohol; 
very  soluble  in  boiling  water  or  in  boiling  alcohol;  also  readily  soluble  in  ether  and 
glycerin;  very  slightly  soluble  in  chloroform,  carbon  disulphide,  and  benzene. 

When  heated  to  119°  C.  (246.2°  F  )  it  melts,  and  at  a  higher  temperature  is  com- 
pletely volatilized.  It  boils  at  276.5°  C.  (529.7°  F.)  and  is  slightly  volatile  in  a  current 
of  steam. 

Its  aqueous  solution  is  neutral  or  only  slightly  acid  to  litmus-paper. 

On  adding  a  few  drops  of  ferric  chloride  T.S.  to  10  Cc.  of  an  aqueous  solution 
of  Resorcinol  (1  in  200),  the  liquid  assumes  a  bluish- violet  color,  changing  to 
brownish-yellow  on  the  addition  of  ammonia  water  (distinction  from  catechol 
and  quinol) . 

Lead  acetate  T.S.  should  produce  no  precipitate  when  added  to  an  aqueous 
solution  of  Resorcinol  (distinction  from,  and  absence  of,  catechol). 

If  0.1  Gm.  of  Resorcinol  be  dissolved  in  1  Cc.  of  potassium  hydroxide  T.S. 
and  a  drop  of  chloroform  added,  the  mixture  upon  being  heated  will  assume 
an  intense  crimson  color.  If  a  slight  excess  of  hydrochloric  acid  be  then  added,  the 
color  will  change  to  a  pale  straw-yellow. 

On  cautiously  heating  0.05  Gm.  of  Resorcinol  with  0.1  Gm.  of  tartaric  acid  and 
10  drops  of  concentrated  sulphuric  acid,  a  thick  carmine-red  liquid  will  be  formed, 
becoming  pale  yellow  when  diluted  with  water. 

A  concentrated  aqueous  solution  of  Resorcinol  (1  in  2)  should  be  colorless  (ab- 
sence of  empyreumatic  bodies),  and  when  gently  heated  should  not  emit  the  odor  of 
phenol. 

Tests  for  Identity. — Given  above. 

Impurities. — Catechol,  quinole,  empyreumatic  bodies,  phenol. 
Details  given  above. 

This  body,  metadihydroxybenzene,  was  discovered  by  Hlasiwitz 
in  1864,  who  obtained  it  by  fusing  galbanum  with  potassa.  It  can  be 
made  in  the  same  way  from  other  gum-resins,  such,  for  example,  as 
asafetida,  and  is  now  prepared  synthetically  by  fusing  metadisulphon- 
benzene,  CeH^(S03H)2,  with  potassa. 

Resorcinol  occurs  in  white,  feathery  crystals,  turning  pinkish  on 
exposure  to  air;  soluble  in  water,  alcohol,  and  ether.     It  is  used  chiefly 
externally  in  some  forms  of  skin  troubles  because  of  its  antiseptic     ,  ^  f 
action.     Of  late  it  has  had  considerable  vogue  as  a  cure  for  dandruff.    (^  »  '     ♦ 
When  taken  internally,  it  possesses  antip^^retic  properties.  /  ^jjyt^ 

Dose. — 125  milligrammes  (2  grainsJT^      ^  ^i^t^-^**^ 

Several  derivatives  have  been  used  in  late  years  in  medicine. 

Thioresorcin,  C8H4O2S2,  was  suggested  as  an  iodoform  substitute,  but  has  been 
abandoned  on  account  of  its  harmful  action. 

Resopyrin  represented  a  fused  mass  of  resorcinol  with  antipyrin,  and  was  used 
as  an  antipyretic. 

Resorcinol  is  made  by  fusing  iodoform  with  resorcin.  The  name  of  this  is  un- 
fortunate, inasmuch  as  the  word  resorcinol  is  the  correct  modern  appellation  for 
resorcin  itself. 

Hydroquinifie  is  the  paradioxy-derivative  of  benzene,  and  is  obtained  by  oxida- 
tion of  cinchonic  acid.  It  is  also  obtained  by  hydrolysis  of  the  glucoside  arbutin 
(p.  709).  It  has  practically  no  medicinal  appUcation,  although  very  largely  used  in 
photography. 

Triatomic  phenols  of  benzene  have  the  formula  09113(011)3.  As 
there  were  three  diatomic  phenols,  so  there  are  three  bodies  with 
the  formula  CeH3(OH)3,  and  the  graphic  formulas  of  these  are  given 
below: 
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Vicinal  trioxy- 
benzene. 

COH 

HC(6)      (2)C0H 

I  II 

HCC5)      (3)C0H 

%  (4)/ 

^/ 
c 

H 

Pyrogallol. 


Symmetric  trioxy- 
benzene. 

COH 

^\ 

^  (1)  \ 

HC(6)       (2)CH 

I  II 

H0C(5)       (3)C0H 

'^   (4)  / 

c 

H 

Phloroglucin. 


Asymmetric  trioxy- 
benzene. 

COH 
^\ 
^  (1)\ 
HC(6)      (2)C0H 

I  II 

HC(5)      (3)CH 

%  (4)  / 

Y 

OH 

Oxyhydroquinone. 


As  will  be  noticed,  in  the  vicinal  form,  the  three  hydroxyl  groups 
are  on  adjoining  carbon  atoms;  in  the  symmetric,  the  hydroxyl  groups 
are  each  separated  from  the  other  by  an  interposed  carbon  atom; 
while  in  the  asymmetric  two  are  on  adjoining  carbon  atoms  and  the 
other  is  separated  by  an  interposed  carbon  atom. 

In  explaining  it  in  the  numeric  way,  in  the  vicinal  the  hydroxyl 
groups  are  on  carbon  atoms  1,  2,  and  3;  in  the  symmetric,  they  are  on 
carbon  atoms  1,  3,  and  5,  and  in  the  asymmetric  they  are  on  carbon 
atoms  1,  2,  and  4. 

As  the  classification  for  the  ortho-,  meta-,  and  para-compounds 
applies  to  all  di-derivatives  of  benzene,  so  also  the  classification  of  the 
vicinal,  symmetric,  and  asymmetric  applies  to  all  tri-derivatives  of 
benzene. 

As  noted  above,  the  three  tribasic  phenols  are  called  pyrogallol, 
phloroglucin,  and  oxyhydroquinone  respectively. 


PYROGALLOL.     Pyrogallol. 

CeHeOa  =   125.10 

A  triatomic  phenol  [C8H3(OH)3  1:2:3],  obtained  chiefly  by  carefully  heating 
gallic  acid.     Pyrogallol  should  be  kept  in  dark  amber-colored  bottles. 

Light,  white  laminae  or  fine  needles,  odorless  and  having  a  bitter  taste;  acquiring 
a  grayish  tint  on  exposure  to  air  and  light. 

Soluble  in  1.6  parts  of  water,  1  part  of  alcohol,  and  in  1.1  part  of  ether  at  25°  C. 
(77°  F.);  very  soluble  in  boiling  water  and  in  boiling  alcohol. 

When  heated  to  132°  C.  (269.6°  F.)  Pyrogallol  melts  and  subhmes  unchanged. 
When  ignited  it  is  consumed,  leaving  no  residue. 

The  freshly  prepared  aqueous  solution  is  neutral  to  litmus-paper  and  colorless, 
but  gradually  acquires  by  exposure  to  the  air  a  brown  color  and  an  acid  reaction,  due 
to  absorption  of  oxygen;  the  absorption  of  oxygen  and  change  of  color  take  place 
very  rapidly  if  the  solution  contains  an  alkali  hydroxide. 

The  aqueous  solution  of  Pyrogallol  (1  in  10)  reduces  solutions  of  the  salts  of 
silver,  gold,  and  mercury  even  in  the  cold. 

When  freshly  prepared,  1  Cc.  of  the  aqueous  solution  (1  in  20)  is  colored  brownish- 
red  by  a  few  drops  of  ferric  chloride  T.S.,  and  this  color  is  changed  to  deep  bluish- 
black  on  the  addition  of  1  or  2  drops  of  ammonia  water.  A  bluish-black  color  is 
also  produced  in  the  aqueous  solution  of  Pyrogallol  by  freshly  prepared  ferrous  sul- 
phate T.S. 

Remarks. — Pyrogallol  is  what  is  commercially  called  pyrogallic  acid, 
and  was  discovered  by  Scheele  in  1786.  It  is  made  by  strongly  heating 
gallic  acid,  hence  the  name,  pyrogallic  acid;  the  prefix,  'pyro,  as  ex- 
plained on  p.  459,  communicating  the  idea  that  the  body  has  been 
produced  by  strong  heat. 
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As  will  be  explained  under  gallic  acid,  the  heating  of  that  product 
causes  the  loss  of  CO^,  with  formation  of  the  official  pyrogallol. 

Pyrogallol  is  in  light  white  needles,  becoming  gray  or  darker  on 
exposure  to  air  and  light.  It  is  soluble  in  1.6  parts  water  and  one  part 
alcohol;  melts  at  141°  C,  subliming  at  the  same  time. 

Pyrogallic  acid  is  one  of  the  most  valuable  reducing  agents,  having 
such  strong  aflSnity  for  oxygen  that  one  volume  of  2^  per  cent, 
alkaline  solution  absorbs  14  volumes  of  the  gas,  and  for  this  reason  it  is 
used  as  an  absorber  in  gas  analysis.  Its  reducing  action  makes  it 
valuable  as  a  developer  in  photography,  and  it  has  of  late  been  con- 
siderably used  as  one  of  the  constituents  of  that  class  of  hair-dyes 
producing  auburn  or  chestnut  tints.  These  dyes  consist  of  two  solu- 
tions, one  of  either  copper  or  nickel  salts,  and  the  other,  pyrogallol, 
and  when  the  hair  is  moistened  with  the  solution  of  metallic  salt  and 
then  treated  with  pyrogallol  solution,  a  literal  "copper  plating" 
takes  place. 

Pyrogallol  is  used  externally  in  skin  troubles,  but  should  be  ap- 
plied only  under  the  direction  of  skilled  physicians,  as  it  is  decidedly 
irritating  in  action. 

Phloroglucin,  C8H3(OH)j  1:3:5,  is  made  by  fusing  kino  with  potassa  or 
resorcin  with  soda.  It  is  of  no  pharmaceutic  value  save  as  a  test  for  wood-paper 
(p.  702). 

Oxyhydroquinone,  CgH3(OH)3 1  :  2  :  4,  is  an  oxidation  product  of  quinine,  but 
of  no  value  eitner  in  medicine  or  pharmacy. 

The  amido  derivatives  of  benzene  are  of  almost  equal  importance 
to  the  hydroxyl  derivatives,  C6H5NH2  being  the  well-known  aniline. 

Aniline  was  discovered  as  a  distillation  product  from  indigo  by 
Unverdorben  in  1826,  who  obtained  the  crystalline  chloride  and  called 
it  ^' crystallin"  Its  presence  in  coal-tar  was  demonstrated  by  Runge 
in  1824,  who,  not  noticing  its  identity  with  "crystallin"  of  the  pre- 
vious investigator,  called  it  "kijanol." 

Fritsche  investigated  the  coal-tar  derivative  in  1841,  found  it 
identical  with  "crystallin,"  and  called  it  aniline,  from  the  Portuguese 
name  for  indigo,  "anil."  The  chemistry  of  the  subject  was  not 
made  perfectly  clear  until  Hoffman's  investigations  of  1843,  and  the 
further  researches  of  this  master  gave  rise  to  our  present  dye-stuff 
industry,  with  its  enormous  capital  and  its  far-reaching  influence. 

While  the  first  aniline  dye-stuff,  mauvein,  was  manufactured  by  | 
Perkin  in  1856,  it  was  not  until  1864  that  the  manufacture  of  aniline 
reached  a  commercial  basis,  and  in  that  year  the  first  aniline  factory 
was  established.  While  aniline  itself  is  a  constituent  of  coal-tar,  it 
has  been  found  simpler  to  convert  the  benzene  distillate  of  coal-tar 
into  the  body  by  first  changing  same  into  nitrobenzene,  QHsNOj, 
and  reducing  this  to  aniline,  CgHgNHz,  by  treating  with  hydrochloric 
acid  and  iron  filings.  The  product  of  the  reduction  is  then  distilled 
with  steam  and  purified  by  repeated  distillation  if  necessary. 

Aniline  is  a  straw-colored  liquid  possessing  a  peculiar  aromatic 
odor,  somewhat  similar  to  benzene;  soluble  in  31  parts  of  water  and 
is  neutral  to  litmus-paper.  It  possesses  valuable  solvent  properties — 
dissolving  indigo,  for  instance.  Its  reactions  are  manifold,  they  lead- 
ing to  that  exceedingly  valuable  class  of  compounds,  the  dye-stuffs, 
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which  at  present  have  assumed  such  proportions  as  to  make  their 
study  a  science  in  itself,  and  far  beyond  the  scope  of  this  work. 

Among  these  aniline  dye-stuffs  one  has  proved  of  sufl&cient  medical 
value  to  be  accorded  pharmacopoeial  recognition. 

METHYLTHIONINiE   HYDROCHLORIDUM.     Methylthionine 
Hydrochloride.     Methylene  Blue. 

CieHisNjSCl  =  317.36 

Tetramethylthionine  Hydrochloride,  obtained  by  the  action  of  hydrogen  svilphide 
upon  an  oxidation  product  of  para-amido-dimethyl-aniUne. 

A  dark  green,  crystalline  powder,  or  in  the  form  of  prismatic  crystals  having 
a  bronze-like  lustre. 

It  is  readily  soluble  in  water  and  somewhat  less  readily  in  alcohol,  the  solutions 
having  a  deep  olue  color. 

The  addition  of  hydrochloric  acid  to  its  aqueous  solution  changes  the  color  to  a 
lighter  shade  of  blue. 

The  addition  of  sodium  hydroxide  T.S.  to  the  aqueous  solution  changes  the 
color  to  a  purplish  shade,  and  if  added  in  excess,  produces  a  precipitate  having  a  dull 
violet  color. 

The  dry  powder  dissolved  in  sulphuric  acid  containing  powdered  zinc  produces 
a  solution  which,  upon  standing,  is  gradually  decolorized. 

Two  Gm.  of  Methylthionine  Hydrochloride,  when  ignited,  should  leave  not  more 
than  0.008  Gm.  of  residue,  which  should  be  free  from  zinc  oxide  (absence  of  com- 
mercial dye,  and  other  mineral  impurities). 

Tests  for  Identity. — Given  above. 

Impurities. — Commercial  methylene-blue  and  mineral  impurities. 
Details  above.     Arsenic.     Details  in  Part  V. 

Remarks. — The  manufacture  of  methylene-blue  opens  up  the  com- 
plex question  of  synthetic  aniline  dyes.  Aniline  (Formula  I)  can  be 
converted  into  paraphenylenediamine  (Formula  II),  and  this  in  turn 
can  be  methylated  to  dimethylparaphenylenediamine  or  para-amidodi- 
methyl  aniline  (Formula  III).  When  this  substance  is  treated  with 
hydrogen  sulphide  and  ferric  chloride,  two  molecules  condense  and 
add  sulphur  (Formula  IV),  forming  one  molecule  of  methylene-blue 
(Formula  V). 

Formula  I.  Formula  II.  Formula  III. 

CeH^NH,  C8H,(NH,)  H,N— CeH  — N(CH3)3 

Aniline.  P-phenylenediamine.  Dimethylparaphenylenediamine. 

Formula  IV.  Formula  V. 

H,N  CeH,N(CH3),  .Ce,H3^N(CH3)3 

HHNCeH,N(CH3),  ^^         \ 


Condensation  of  dimethylparaphenyl 
enediamine  (ammonia  splits  off) 


\C,H3^N(CH3)3C1 


Methylene-blue. 


The  commercial  methylene-blue  is  a  double  salt  of  the  pure  dye 
with  zinc  chloride,  hence  must  not  be  used.  This  explains  the  test 
for  its  presence  given  above. 

Methylene-blue  is  used  as  an  antiseptic  in  gonorrhea.  It  is  very 
disagreeable  to  handle,  because  it  stains  everything  with  which  it 
comes  in  contact  a  tenacious  blue. 
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Dose. — 250  milligrammes  (4  grains). 

Aniline  is  little  used  in  pharmacy,  the  only  derivatives  of  value  in 
medicine  being  acetanilide  and  a  few  of  its  congeners. 

ACETANILIDUM.     Acetanilide. 

C8H,N0  =  134.09 

The  monacetyl  derivative  [CeHsNHCCHg.CO)]  of  aniline. 

Colorless,  shining,  micaceous,  crystalline  laminae,  or  a  crystalline  powder;  odor- 
less, having  a  slightly  burning  taste,  and  permanent  in  the  air. 

Soluble  in  179  parts  of  water  and  in  2.5  parts  of  alcohol  at  25°  C.  (77°  F.);  in 
18  parts  of  boiling  water  and  in  0.4  part  of  boiling  alcohol;  also  soluble  in  12  parts 
of  ether  and  5  parts  of  chloroform  at  25°  C.  (77°  F.). 

When  heated  to  113°  C.  (235.4°  F.)  Acetanilide  melts,  and  at  295°  C.  (563°  F.) 
it  boils  without  decomposition. 

Upon  ignition  it  is  consumed  without  leaving  a  weighable  residue. 

Solutions  of  Acetanilide  in  simple  solvents  are  neutral  to  test-paper. 

If  0.5  Gm.  of  Acetanilide  be  agitated  with  5  Cc.  of  colorless  sulphuric  acid  in  a 
clean  test-tube,  it  dissolves  Tvithout  imparting  color  to  the  liquid. 

On  heating  0.1  Gm.  of  Acetanilide  with  5  Cc.  of  concentrated  solution  of  potas- 
sium hydroxide  (1  in  4),  the  characteristic  odor  of  aniline  becomes  noticeable.  On 
now  adding  1  Cc.  of  chloroform,  and  again  heating,  the  disagreeable  odor  of  phenyl 
isocyanide  (a  poisonous  product)  is  evolved  (distinction  from  methyl-acetanUide  or 
antipyrine). 

On  boiling  0.1  Gm.  of  Acetanilide  for  several  minutes  with  2  Cc.  of  hydrochloric 
acid,  a  clear  solution  results,  which,  when  mixed  with  3  Cc.  of  an  aqueous  solution 
of  phenol  (1  in  20),  and  afterward  with  5  Cc.  of  a  filtered,  saturated  solution  of  chlori- 
nated lime,  acquires  a  brownish-red  color,  becoming  deep  blue  upon  supersaturation 
with  ammonia  water. 

On  heating  0.1  Gm.  of  Acetanilide  with  10  Cc.  of  water,  filtering  the  solution  when 
cold,  and  adding  bromine  T.S.,  drop  by  drop,  to  the  filtrate,  a  whitish  precipitate 
of  parabromacetanUide  is  formed  (distinction  from  antipyrine  or  acetphenetidin) . 

A  cold  saturated,  aqueous  solution  of  Acetanilide  added  to  ferric  chloride  T.S. 
should  not  aflfect  the  color  of  the  latter  (absence  of  aniline  salts  and  various  allied 
substances). 

Tests  for  Identity. — Given  above. 

Impurities. — Methylacetanilide,  antipyrine,  acetphenetidin,  ani- 
line salts.     Details  above. 

Remarks. — This  body,  commonly  called  antifebrin,  represents 
aniline  in  v^rhich  one  of  the  hydrogen  atoms  is  replaced  by  the  acetyl 
(C2H3O)  group.  It  is  made  by  heating  aniline  with  glacial  acetic  acid, 
the  reaction  being — 

CH3  C9H5  CH3    CgHg 

I  +1=11+     H,0. 

COOH  NH,  CO— NH 

Acetic  acid.         Aniline.  Acetanilide.  Water. 

Acetanilide,  or  phenyl  acetamide,  as  it  is  sometimes  called,  occurs 
in  white,  shining  lamina  or  in  crystalline  powder,  sparingly  soluble 
in  alcohol,  melting  at  113°  C.  It,  like  aniline,  responds  to  the  iso- 
nitrile  reaction  (p.  642). 

Acetanilide  is  one  of  the  most  valuable  antipyretics,  although,  like 
all  the  modern  synthetics  of  this  character,  it  should  be  used  with 
caution.  The  indiscriminate  use  of  these  products  has  caused  great 
harm,  being  particularly  dangerous  to  persons  with  weak  hearts.  It  is 
given  in  doses  of  four  grains,  either  in  powder  or  dissolved  in  brandy, 
although  the  latter  method  of  administration  is  hardly  advisable,  as 
the  two  products  are  physiologically  antagonistic.  An  excess  of 
49 
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acetanilide  produces  symptoms  of  coma  and  collapse,  and  the  best 
antidote  is  copious  drafts  of  brandy. 
Dose. — 250  milligrammes  (4  grains). 

ACETANILIDE  DERIVATIVES  AND  SUBSTITUTES 

Bromacetanilide  is  formed  when  one  of  the  hydrogen  atoms  of  the  benzene  nucleus 
is  replaced  by  bromine.     It  is  an  antipyretic  and  antiseptic.     Dose,  1  to  8  grains. 

Benzanilide. — In  this  the  benzoyl  (CgHgCO)  group  is  substituted  for  the  acetyl 
group  in  the  acetanilide. 

Exalgin  is  methyl  acetanilide,  or,  more  properly  speaking,  acettoluidide,  and  is 

(CTT  \ 
CeH4<j^TT'  I  with  glacial  acetic  acid. 

Antikamnia  is  a  mixture  of  acetanilide,  caffeine,  tartaric  acid,  and  sodium  bicar- 
bonate. A  combination  of  this  character  is  recognized  in  the  pharmacopoeia  as 
Compound  Powder  of  Acetanilide  (p.  301). 

Antinervine  is  a  compound  consisting  of  50  per  cent,  acetanilide,  25  per  cent, 
each  ammonium  bromide  and  salicylic  acid. 

ACETPHENETIDINUM.     Acetphenetidin. 

CioHiaNO^  =  177.79 

A  phenol  derivative  [Acetparaphenetidin,  C6H4(OC2H5).NH.CH3.CO  1:4],  the 
product  of  acetylization  of  para-amidophenetol. 

White,  glistening,  crystalline  scales  or  fine  crystalline  powder,  odorless  and  taste- 
less. 

It  is  soluble  in  925  parts  of  water,  12  parts  of  alcohol,  63  parts  of  ether,  and  20 

Earts  of  chloroform  at  25°  C.  (77°  F.);  in  70  parts  of  boiling  water  and  in  2  parts  of 
oiling  alcohol. 

Heated  to  between  134°  and  135°  C.  (273.2°  and  275°  F.)  it  melts,  and  at  a  higher 
temperature  burns  without  leaving  a  weighable  residue. 

It  dissolves  without  color  in  sulphuric  acid,  but  if  shaken  with  nitric  acid  it  is 
colored  yellow,  which  color  persists  when  heated. 

If  0.1  Gm.  of  Acetphenetidin  be  boiled  for  one  minute  with  1  Cc.  of  concentrated 
hydrochloric  acid  and  the  solution  diluted  with  10  Cc.  of  water,  cooled  and  filtered, 
it  should  yield  on  addition  of  3  drops  of  an  aqueous  solution  of  chromium  trioxide 
(1  in  30)  a  ruby  red  color. 

On  heating  0.1  Gm.  of  Acetphenetidin  with  5  Cc.  of  a  concentrated  solution  of 
potassium  hydroxide  (1  in  4),  the  odor  of  aniline  should  not  be  perceptible. 

If  0.1  Gm.  of  Acetphenetidin  be  boiled  with  10  Cc.  of  water  it  should  yield  a  solu- 
tion which,  when  cooled  and  filtered,  should  not  become  turbid  upon  the  addition  of 
bromine  T.S.  in  slight  excess  (absence  of  acetanilide). 

If  0.1  Gm.  of  Acetphenetidin  be  boiled  for  one  minute  with  3  Cc.  of  solution  of 
sodium  hydroxide  (1  in  2),  the  solution  cooled,  and  then  agitated  with  5  Cc.  of  a 
solution  of  chlorinated  soda,  there  should  be  produced  a  clear  yeUow  liquid,  and  not  a 
purplish-red  or  brownish-red  cloudy  liquid  or  precipitate  (absence  of  acetanilide). 

A  mixture  of  0.3  Gm.  of  Acetphenetidin  with  1  Cc.  of  90  per  cent,  alcohol  should 
not  acquire  a  red  tint  when  diluted  with  three  times  its  volume  of  water  and  boiled 
with  one  drop  of  tenth-normal  iodine  V.S.  (absence  of  paraphenetidin). 

Tests  for  Identity. — Given  above. 

Impurities. — Acetanilide,  paraphenetidin. 

Remarks. — This  body,  commonly  known  as  phenacetine,  has  the 

OP  TT 
formula  C6H4<atttp  tt  q      It  represents  acetanilide  in  which  one  of 

the  hydrogen  atoms  is  replaced  by  an  OCgHj  group.     Speaking  more 

technically,  it  represents  an  ethyl  acetyl  derivative  of  para-amido- 

OTT 
phenol,  C8H4<xTTT  ,  and  is  made  by  the  reduction  of  para-nitrophenol, 

which,  in  turn,  is  prepared  by  treating  carbolic  acid  with  cold  diluted 
nitric    acid.      By    treating    para-amido-phenol    with    ethyl    iodide. 
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OP  TT 

p-phenetidin,  C8H4<mj|    *>  is  produced,  and  by  treating  the  latter 

with  glacial  acetic  acid  acetyl  phenetidin  or  phenacetine  results. 

Phenacetine  is  a  white  powder  that  melts  at  134°  to  135°  C.  It 
is  one  of  the  most  valuable  antipyretics. 

Phenacetine  is  sometimes  contaminated  with  phenetidin.  This 
latter  is  a  dangerous  irritant,  hence  such  adulterated  phenacetine 
should  not  be  dispensed.  Detection  of  same  is  easily  accomplished 
by  the  pharmacopceial  test  given  above. 

Some  unscrupulous  dealers  have  adulterated  phenacetine  with 
acetanilide,  but  this  can  be  easily  detected  by  means  of  the  melting- 
point — phenacetine,  134°  to  135°;  acetanilide,  113° — or  by  two 
pharmacopceial  chemical  tests  given  above. 

Dose. — 500  milligrammes  (7^  grains). 

As  with  aU  the  successful  modern  synthetics,  the  introduction  of  phenacetine 
was  followed  by  a  large  number  of  bodies  of  similar  composition.  Thus  we  have 
iodophenin,  which  represents  phenacetine  hydrochloride  combined  with  iodine  and 
potassium  iodide. 

Methacetin,  ^e^iK^xxr^-a  r\>  differs  from  phenacetine  only  in  having  a  methyl 

group  instead  of  the  ethyl  group  of  phenacetine,  and,  like  it,  is  used  as  an  antipyretic. 
CeH,-NH 
Hydracetin  or  pyrodin,  \  ,  which  is  acetphenylhydrazin  and  made 

NHC2H3O 
similar  to  acetanilide,  save  for  the  use  of  phenylhydrazin  instead  of  aniline. 

OP  TT 
Phenocoll  hydrochloride,  ^a^iK^axlnrynxj  jjji  4-HCI'  ^^  ^^^^  ^Y  treating  phenet- 

NTT 
idin   with  amido-acetic  acid,  C^^Kqqqh  (glycocoll).     Phenacoll  hydrochloride 

occurs  in  white  crystals,  soluble  in  20  parts  of  water,  and  in  this  way  possesses 
decided  advantage  over  phenacetine,  which  is  soluble  in  925  parts  of  water,  as  men- 
tioned above.  It,  hke  phenacetine,  is  used  as  an  antipyretic.  Strictly  speaking, 
it  might  more  properly  be  considered  under  the  hydrocarbons  other  than  benzene, 
as  both  phenacetine  and  phenocoll  contain  more  than  six  carbon  atoms.  However, 
as  they  so  closely  resemble  acetanilide,  it  was  deemed  advisable  to  deviate  from  the 
regular  order,  that  these  closely  similar  bodies  might  be  considered  together. 


CHAPTER   XLIV 

TOLUENE  COMPOUNDS 

Toluene  has  the  formula  Cf^H^CH^.  It  represents  benzene  in  which 
one  hydrogen  is  replaced  by  a  methyl  group.  In  this  body,  therefore, 
we  have  a  combination  of  the  ring  and  chain  compounds,  the  methyl 
group  possessing  nearly  all  the  reactions  of  the  chain  series  of  hydro- 
carbons, while  the  phenyl  acts  exactly  as  it  did  in  benzene. 

Toluene  was  first  made  by  dry  distillation  of  rosin  by  Pelletier  and 
Walter  in  1838.  Deville  (1841)  obtained  it  by  distillation  of  balsam 
of  tolu,  and  from  this  circumstance  Berzelius  named  it  toluol. 

It  can  be  easily  made  by  several  reactions;  chief  among  these  are, 
(1)  the  Friedel  Craft  reaction,  in  which  benzene  is  treated  with  methyl 
chloride  in  the  presence  of  aluminum  chloride,  and  (2)  by  the  Fittig 
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reaction,  in  which  phenyl  bromide  is  treated  with  methyl  iodide  in  the 
presence  of  metallic  sodium,  this  latter  way  being  a  modification  of 
the  Wuertz  reaction  mentioned  on  p.  634. 

These  two  reactions  are  mentioned  by  name  because  affording 
means  of  the  manufacture  of  any  of  the  hydrocarbons  of  this  series. 
Thus  if  ethyl  chloride  is  substituted  for  the  methyl  chloride  in  the 
first  reaction,  or  if  ethyl  iodide  replaces  methyl  iodide  in  the  second 
reaction,  we  would  get  ethyl  benzene,  CeHgCgHg. 

Most  commercial  toluene,  however,  is  obtained  by  the  fractional 
distillation  of  coal-tar,  and  is  a  colorless  or  amber-colored  liquid, 
of  aromatic  odor,  suggestive  of  benzene.  It  has  a  specific  gravity 
0.870,  and  boils  at  110°  C,  and  is  insoluble  in  water,  but  freely  soluble 
in  alcohol.  In  its  chemical  behavior  it  resembles  benzene,  on  one 
hand,  and  methane,  on  the  other,  and  in  the  same  way  forms  two  dis- 
tinct lines  of  hydrocarbon  derivatives.  Thus,  the  replacing  of  one 
hydrogen  of  the  benzene  group  by  the  addition  of  chlorine  gives  rise 
to  the  compound  known  as  monochlor-toluene,  and  this  body  is  pro- 
duced when  chlorine  is  passed  into  cold  toluene.  On  the  other  hand, 
if  boiling^toluene  is  treated  with  chlorine,  the  halogen  replaces  one  of 
the  hydrogens  of  the  methyl  group,  forming  the  body  called  benzyl 
chloride.  The  structural  difference  between  these  two  bodies  is  best 
shown  by  the  graphic  formulas  given  below.  These  two  compounds 
are  mentioned  not  because  of  their  importance  in  themselves,  but  by 
reason  of  the  possible  forms  when  the  respective  chlorines  are  replaced 
by  hydroxyls,  in  the  first  case  a  phenol  (cresol)  being  formed,  whereas 
the  benzyl  chloride  yields  benzyl  alcohol,  which  possesses  all  the  char- 
acteristics of  an  ordinary  fatty  alcohol. 

xCHj  yCHjCl  yCHj  yCHjOH 

HC^.       .CH  HC>.       .CH  Ha.       .CH  HC..       .CH 

^qX  ^q/  %q/  ^q/ 

H  H  H  H 

^•^«<C1  '  CeHjCHjCl  ^«^*<CHa  CeHjCH^OH 

Orthomonochlor-toluene.       Benzylchloride.  Orthocre^ol.  Benzyl  alcohol. 

Under  appropriate  treatment  of  boiling  toluene  with  chlorine,  there 
is  also  yielded  benzotrichloride,  C6H5CCI3,  and  benzal  chloride,  CgHg- 
CHCI2. 

The  toluene  derivatives  of  pharmaceutic  interest  are: 

Cresol CeH,<g^ 

Creosol CeHj^Ock, 

\0H. 
(Creosote,  U.  S.  P.) 

Benzyl  alcohol CeHsCHjOH. 

Benzaldehyde CeHsCHO. 

(Oil  bitter  almond) 
Benzoic  acid CeHjCOOH. 
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Saccharin CeH,<|g«>NH. 

Salicylic  acid CaHi<Qjj 

Salol ^''^*<COOC,H.. 

/OH 
Vanillin CeHg^OCHj 

\CHO. 

Gallic  acid ^«^*'^COOH 

Tannic  acid. 

The  cresols,  CgH^^'pTT  ,  are  the  monobasic  phenols  of  toluene,  and, 

like  all  di-derivatives  of  benzene,  are  known  in  the  ortho-,  meta-,  and 
para-  forms. 

CRESOL.     Cresol. 

C^Hj.OH  =  107.25 

A  mixture  [C8H4(CH3)OH]  of  the  three  isomeric  Cresols  obtained  from  coal-tar, 
freed  from  phenol,  hydrocarbons,  and  water.  It  should  be  preserved  in  amber- 
colored  bottles,  protected  from  hght. 

A  colorless  or  straw-colored  refractive  liquid,  having  a  phenol-like  odor,  and 
turning  yellowish-brown  on  prolonged  exposure  to  light. 

Specific  gravity:  1.032  at  25°  C.  (77°  F.). 

Cresol  is  soluble  in  60  parts  of  water  at  25°  C.  (77°  F.);  miscible  in  all  proportions 
with  petroleum  benzin,  benzene,  alcohol,  ether,  and  glycerin;  miscible  witn  alkali 
hydroxide  solutions. 

It  boils  from  195°  to  205°  C.  (383°  to  401°  F.). 

If  1  Cc.  of  Cresol  be  mixed  with  1  Cc.  of  an  aqueous  solution  of  sodium  hydroxide 
(1  in  10),  it  should  dissolve  with  no  appreciable  liquid  residue  (absence  of  or  limit  of 
hydrocarbons) . 

If  1  Cc.  of  Cresol  be  mixed  with  1  Cc.  of  glycerin,  a  clear  solution  should  be  pro- 
duced, from  which,  on  the  addition  of  1  Cc.  of  water,  the  Cresol  should  completely 
separate  (absence  of,  and  distinction  from,  phenol). 

Tests  for  Identity. — Given  above. 

Impurities. — Hydrocarbons,  phenol.     Details  above. 

Remarks. — As  mentioned  in  the  official  definition,^  commercial 
cresol  (or  cresylic  acid,  as  it  is  frequently  called)  is  a  mixture  of  the 
three  cresols  mentioned  above.  It  has  been  accorded  pharma- 
copoeial  recognition  because  a  constituent  of  the  new  official,  compound 
solution  of  cresol.  It  is  sometimes  used  internally  as  an  intestinal 
antiseptic. 

Dose. — 0.05  Cc.  (1  minim). 

LIQUOR    CRESOLIS    COMPOSITUS.     Compound  Solution  of  Cresol. 

Recipe. — Cresol,  five  hundred  grammes 500  Gm. 

Linseed  Oil,  three  hundred  and  fifty  grammes 350  Gm. 

Potassium  Hydroxide,  eighty  grammes 80  Gm. 

Water,  a  sufficient  quantity,  

To  make  one  thousand  grammes . .  1000  (^. 

Dissolve  the  Potassium  Hydroxide  in  fifty  grammes  of  Water  in  a  tared  dish,  add 
the  Linseed  Oil,  and  mix  thoroughly.  Then  add  the  Cresol  and  stir,  until  a  clear 
solution  is  produced,  and  finally  suflBcient  Water  to  make  the  finished  product  weigh 
one  thousand  grammes. 
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Remarks. — This  is  a  50  per  cent,  solution  of  cresol  in  an  alkaline 
linseed  oil  soap  solution,  and  is  a  product  therapeutically  similar  to  the 
popular  alkaline  solutions  of  coal-tar  distillates,  such  as  creolin,  lysol, 
etc.     Like  these,  it  is  used  as  an  antiseptic  wash  or  douche. 

Losovhxine,  CH— -OH ,  is  cresol  tri-iodide,  contains  78.38  per.  cent,  iodine,  and 
\CH3 
is  used  as  an  iodoform  substitute. 

Europhene,  \       ,  is  di-isobutylorthocresol  iodide.     This  name  is  inserted 

(^«H,fOH 

merely  to  show  how  simple  it  is  to  explain  in  words  a  graphic  formula,  a  comparison 
of  the  formula  just  given  with  the  name  proving  the  fact.  This  body  contains  28.17 
per  cent,  iodine,  and  is  used  like  aristol. 

Homopyrocatechin,  so  named  because  of  its  similarity  to  pyrocat- 

echin,  is  the  diatomic  phenol  of  to.luene.     Its  formula  is  QHg— -.qA\ 

Its  methyl  ester,  CgHg^OCHg,  is  known  as  creosol,  and  is  of  interest 
as  a  constituent  of  creosote. 

CREOSOTUM.     Creosote. 

A  mixture  of  phenols  and  phenol  derivatives,  chiefly  guaiacol  and  creosol, 
obtained  during  the  distillation  of  wood-tar,  preferably  of  that  derived  from  the 
beech,  Fagus  silvatica  Linn6  or  Fagus  ferruginea  Aiton  (Fam.  Fagacece). 

An  almost  colorless,  yellowish  (not  pinkish  J,  highly  refractive,  oily  liquid,  having 
a  penetrating,  smoky  odor,  and  a  burning,  caustic  taste;  it  should  not  become  brown 
in  color  on  exposure  to  light. 

Specific  gravity  not  below  1.072  at  25°  C.  (77°  F.). 

Its  solution  in  about  140  parts  of  water  at  25°  C.  (77°  F.)  is  not  perfectly  clear. 
With  120  parts  of  hot  water  it  forms  a  clear  liquid,  which,  on  cooling,  becomes  turbid 
from  the  separation  of  minute  oily  drops  (distinction  from,  and  absence  of,  both 
phenol  and  so-called  "coal-tar  creosote").  The  filtrate  from  these  separated  oily 
globules  yields  a  reddish-brown  precipitate  with  bromine  T.S.  (distinction  from 
phenol  and  so-called  "coal-tar  creosote,"  both  of  which  yield  white  precipitates). 
Soluble  in  all  proportions  in  absolute  alcohol,  ether,  chloroform,  carbon  disulphide, 
acetic  acid,  and  fixed  and  volatile  oils. 

When  distilled,  most  of  it  comes  over  between  200°  and  220°  C.  (392°  and  428'= 
F.).  When  cooled  to  — 20°  C.  ( — 4°  F.),  it  becomes  gelatinous,  but  does  not  solidify 
(difference  from  phenol).     It  is  inflammable,  burning  with  a  luminous,  smoky  flame. 

Creosote  is  neutral  or  only  faintly  acid  to  litmus-paper. 

On  stirring  together  equal  volumes  of  Creosote  and  collodion  in  a  dry  test-tube, 
no  permanent  coagulum  should  form  (difference  from  phenol  and  so-called  "coal-tar 
creosote,"  and  limit  of  the  former). 

If  1  volume  of  Creosote  be  mixed  with  1  volume  of  95  per  cent,  glycerin,  a  clear 
mixture  will  result,  from  which  a  creosotic  layer,  equal  to  or  greater  in  volume  than 
the  Creosote  employed,  will  separate  on  the  addition  of  one-fourth  volume  of  water 
(difference  from,  and  limit  of,  phenols). 

On  adding  to  10  Cc.  of  a  saturated  aqueous  solution  of  Creosote  1  drop  of  ferric 
chloride  T.S.,  the  liquid  develops  a  clear  violet-blue  color,  which  is  very  transient; 
it  then  clouds  almost  instantly,  the  color  passing  rapidly  from  a  grayish-green  into  a 
muddy-brown,  with  finally  the  formation  of  a  brown  precipitate  (difference  from 
phenol  and  so-called  "coal-tar  creosote,"  and  limit  of  the  former). 

If  1  Cc.  of  Creosote  be  mixed  with  10  Cc.  of  a  solution  of  potassium  hydroxide 
in  absolute  alcohol  (1  in  5),  a  solid  crystalline  mass  wiU  form  (difference  from  phenol 
and  so-called  "coal-tar  creosote,"  and  limit  of  the  former). 
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On  mixing  2  Cc.  of  Creosote  with  10  Cc.  of  normal  sodium  hydroxide  V.S.,  a 
clear,  pale  yellow  liquid  results,  which  remains  unclouded  on  diluting  with  50  Cc.  of 
water  (absence  of  neutral  oils). 

If  1  Cc.  of  Creosote  be  cautiously  and  gently  shaken  with  2  Cc.  of  petroleum 
benzin  and  2  Cc.  of  freshly  prepared  barium  nydroxide  T.S.  until  a  uniform  mixture 
is  produced,  upon  complete  separation  three  distinct  layers  are  visible,  the  middle 
one  of  which  contains  the  Creosote,  unaltered  in  appearance;  while  the  petroleum 
benzin  should  not  be  blue  or  muddy,  and  the  aqueous  layer  should  not  have  acquired 
a  red  tint  (absence  of  coendignol  and  some  other  high-houing  constituents  of  wood-tar). 

Tests  for  Identity. — Given  above. 

Impurities. — Phenol,  coal-tar  creosote,  neutral  oils,  coerulignol. 
Details  above. 

This  body  was  discovered  by  Reichenbach  in  1830.  The  pharma- 
copoeia defines  it  "as  a  mixture  of  phenols,  .  .  .  chiefly  guaiacol 
and  creosol." 

Of  these  two  bodies,  guaiacol  was  described  on  p.  763,  while  the 
origin  of  creosol  has  just  been  given. 

Creosote  is  obtained  either  from  pyroligneous  acid  (p.  645)  (the 
empyreumatic  liquid  obtained  by  the  destructive  distillation  of  oak 
wood)  or  from  beechwood  tar.  As  the  last  contains  25  per  cent, 
creosote,  while  pyroligneous  acid  yields  only  1  per  cent.,  the  former 
source  of  creosote  is  preferred. 

The  separation  of  creosote  from  the  tar  is  a  laborious  process. 
The  tar  is  distilled,  the  half  coming  over  first  is  allowed  to  stand,  when 
it  separates  into  three  layers.  The  lowest  layer  is  the  one  containing 
the  creosote. 

The  creosote  layer  is  separated  from  the  others,  and  saturated  with 
sodium  carbonate  to  neutralize  acetic  acid  present,  and  is  then  dis- 
tilled. This  distillate  yields  two  layers,  the  lower  of  which  contains 
the  creosote,  and  this  is  purified  by  treatment  with  phosphoric  acid. 
After  neutralizing  the  acid  with  ammonia  and  washing  the  oil  with 
water,  it  is  again  distilled,  the  distillate  then  consisting  of  creosote 
and  eupion;  the  latter  is  a  body  named  by  Reichenbach,  and  consists 
chiefly  of  pentane.  The  creosote  is  freed  from  eupion  by  treatment 
with  solution  of  potassa,  which  saponifies  it,  while  eupion  floats  on 
top  and  can  be  separated.  The  saponified  creosote  is  then  treated 
with  sulphuric  acid,  and  the  free  creosote  rectified  by  repeated  dis- 
tillations. 

Creosote  is  a  straw-  to  amber-colored  liquid,  possessing  a  charac- 
teristic tarry  color,  and  somewhat  burning  taste.  It  has  a  specific 
gravity  of  1.072,  is  soluble  in  150  parts  of  water,  although  liquid  is 
cloudy,  and  is  soluble  in  alcohol,  ether,  and  chloroform.  As  already 
noted,  a  large  amount  of  the  creosote  in  commerce  is  nothing  but  an 
impure  form  of  carbolic  acid,  and  special  emphasis  should  be  laid  on 
the  fact  that  such  "coal-tar  creosote"  should  never  be  used  for  in- 
ternal administration;  nor  is  there  any  excuse  for  ignorantly  dispensing 
same,  inasmuch  as  the  pharmacopoeia  offers  three  distinct  tests  where- 
by the  difference  between  creosote  and  carbolic  acid  may  be  recognized, 
viz.,  the  collodion  test,  glycerin  solubility,  and  the  ferric  chloride  test, 
all  of  which  were  fully  described  above,  as  well  as  under  Phenol  (p. 
760). 

Creosote  is  a  valuable  antiseptic,  its  preservative  action  being 
due  to  the  ease  with  which  it  coagulates  albumin.     This  principle  is 
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employed  in  the  so-called  "smoking"  of  meats.  The  fresh  meat  is 
suspended  in  the  vapors  of  burning  v/ood,  when  the  creosote  of  the 
vapors  attack  the  albumin  on  the  outer  surface  of  the  ham,  forming 
an  impermeable  and  antiseptic  layer.  To  secure  best  results  in  smok- 
ing, beechwood  should  be  used,  though  this  is  seldom  the  case. 

Several  preparations  have  been  placed  on  the  market  under  the 
name  of  "liquid  smoke,"  and  the  like,  and  intended  to  be  applied 
with  a  brush,  consisting  of  various  modifications  of  creosote  or  of  crude 
pyroligneous  acid,  and  this  method  of  preserving  meat  is  by  no  means 
as  satisfactory  as  by  the  old  process  of  smoking. 

Benzyl  alcohol,  C6H5CH2OH,  is  the  aromatic  alcohol  of  toluene,  and 
appears  in  the  balsam  of  Peru  and  balsam  of  tolu,  and  can  be  made  by 
treating  benzyl  chloride  with  moist  silver  oxide.  It,  like  all  primary 
alcohols,  oxidizes  first  to  aldehyde  and  then  to  acid,  and  in  this  way 
differs  markedly  from  the  cresols  mentioned  above,  these  being  phenols, 
resembling  more  closely  either  the  tertiary  or  the  secondary  alcohols. 

Benzyl  alcohol  has  but  little  pharmaceutic  interest,  and  is  men- 
tioned merely  because  of  its  oxidation  product,  benzaldehyde. 

BENZALDEHYDUM.     Benzaldehyde. 

C^HeO  =  105.25 

An  aldehyde,  produced  artificially,  or  obtained  from  natural  oil  of  bitter  almond 
or  other  oils,  and  containing  not  less  than  85  per  cent,  of  pure  Benzaldehyde  [CgHj.- 
COH].     It  should  be  kept  in  small  amber-colored,  well-stoppered  bottles. 

A  colorless,  strongly  refractive  liquid,  having  a  bitter-almond-like  odor,  and  a 
burning,  aromatic  taste. 

Specific  gravitv:  about  1.045  at  25°  C.  (77°  F.). 

Sparingly  soluole  in  water  (1  in  300);  soluble,  in  all  proportions,  in  alcohol,  ether, 
and  fixed  and  volatile  oils. 

Boiling-point:  179°  to  180°  C.  (354.2°  to  356°  F.);  optically  inactive. 

If  10  drops  of  Benzaldehyde,  dissolved  in  a  little  alcohol,  be  shaken  with  a  few 
drops  of  a  strong  solution  of  sodium  hydroxide,  then  with  a  Uttle  ferrous  sulphate 
T.S.,  and  finally  mixed  with  a  slight  excess  of  hydrochloric  acid,  a  blue  precipitate 
should  not  be  produced  (absence  of  hydrocyanic  acid). 

If  the  looped  end  of  a  piece  of  clean  copper  wire  be  held  in  a  non-luminous  flame 
until  it  glows,  then  cooled,  and  the  loop  dipped  into  Benzaldehyde,  ignited,  and 
held  so  that  the  liquid  burns  outside  of  the  flame,  then  if  the  loop  be  slowly  brought 
in  contact  with  the  lower  outer  edge  of  the  flame,  no  green  tinge  should  be  discernible 
(absence  of  chlorinated  products). 

If  a  small  strip  of  filter-paper  folded  in  the  form  of  a  taper  and  saturated  with 
Benzaldehyde  be  placed  in  a  small  porcelain  dish,  and  a  clean  beaker,  moistened  on 
the  inner  surface  with  distilled  water,  be  inverted  over  the  smaller  dish  immediately 
after  igniting  the  taper,  a  part  of  the  products  of  combustion  will  be  absorbed  by  the 
water;  if  the  beaker  be  then  rinsed  with  a  little  distilled  water  and  the  liquid  filtered, 
the  filtrate  should  yield  no  turbidity  upon  the  addition  of  a  few  drops  of  silver  nitrate 
T.S.  (absence  of  chlorinated  products). 

Tests  for  Identity. — Given  above. 

Impurities. — Hydrocyanic  acid,  chlorinated  products,  given  above. 

Assay. — Details  in  Part  V. 

Remarks. — Benzaldehyde,  CgHgCHO,  can  be  made  by  the  oxida- 
tion of  the  benzylalcohol  just  mentioned,  or  by  treatment  of  benzyl 
chloride  with  milk  of  lime.  It  occurs  in  nature  as  the  chief  constituent 
of  oil  of  bitter  almond.  It  is  used  in  perfumery,  and  rarely  employed 
medicinally. 

Dose.— 0.03  Cc.  (i  minim). 
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OLEUM    AMYGDALA    AMAR^.     Oil  of  Bitter  Almond. 

A  volatile  oil  obtained  from  Bitter  Almond  and  other  seeds  containing  amyg- 
dalin,  yielding,  when  assayed  as  directed  below,  not  less  than  85  per  cent,  of  benzal- 
dehyde,  and  not  less  than  2  per  cent,  nor  more  than  4  per  cent,  of  hydrocyanic  acid. 
It  should  be  kept  in  small,  well-stoppered,  completely  filled,  amber-colored  bottles, 
protected  from  light  and  air. 

A  clear,  colorless  or  yellow,  thin,  and  strongly  refractive  liquid,  having  a  pecu- 
liar aromatic  odor,  and  a  bitter  and  burning  taste. 

Specific  gravity:  1.045  to  1.060  at  25°  C.  (77°  F.). 

Boiling-point:  about  180°  C.  (356°  F.).     Optically  inactive. 

Soluble  in  300  parts  of  water  at  25°  C.  (77°  F.),  in  alcohol  or  ether  in  all  propor- 
tions, and  in  an  equal  volume  of  70  per  cent,  alcohol;  soluble  in  nitric  acid  at  ordinary 
temperatures  without  the  evolution  of  nitrous  vapors. 

In  the  fresh  state  the  Oil  is  neutral  to  litmus-paper,  but  when  kept  for  some  time 
it  acquires  an  acid  reaction,  due  to  the  formation  of  benzoic  acid,  which,  when  isolated 
and  purified,  should  correspond  to  the  tests  given  under  Acidum  Benzoicum.  Oil  of 
Bitter  Almond  containing  crystals  of  benzoic  acid  should  not  be  dispensed. 

If  10  drops  of  the  Oil,  dissolved  in  a  little  alcohol,  be  shaken  with  a  few  drops 
of  sodium  hydroxide  T.S.,  also  with  2  drops  of  ferrous  sulphate  T.S.,  and  2  drops  of 
ferric  chloride  T.S.,  then  warmed,  and  finally  mixed  with  a  slight  excess  of  hydro- 
chloric acid,  a  blue  precipitate  will  be  produced  (presence  of  hydrocyanic  acid). 

Tests  for  Identity. — Given  above. 

Impurities. — Chlorinated  products.  Tested  like  benzaldehyde, 
except  the  additional  remark  that  if  a  slight  turbidity  results,  it  should 
disappear  on  boiling. 

Assay  for  Benzaldehyde. — Details  in  Part  V. 

Assay  for  Hydrocyanic  acid. — Details  in  Part  V. 

This  is  the  volatile  oil  obtained  from  bitter  almond  by  maceration 
with  water  and  subsequent  distillation. 

Bitter  almonds  yield  both  fixed  and  volatile  oil,  and  "sweet  almond 
oil" — the  expressed  oil  of  almond — as  obtained  by  expression  from 
both  kinds  of  almonds — bitter  as  well  as  sweet  (p.  726). 

Bitter  almond  in  its  dry  form  contains  no  volatile  oil — no  oil  of 
bitter  almond.  To  produce  this,  it  is  necessary  to  mash  up  the  seed 
and  add  water,  when  a  chemical  reaction  occurs  between  the  amyg- 
dalin  and  emulsin  present  in  the  seed,  one  of  the  products  of  the  re- 
action being  oil  of  bitter  almond. 

Amygdalin  belongs  to  the  class  of  substances  called  glucosides 
(p.  709),  which  are  bodies  that  on  treatment  with  a  diluted  acid  or 
ferment  split  into  glucose  and  some  other  body.  Emulsin  is  one  of 
the  unformed  ferments  explained  on  p.  937,  hence  a  body  that  can 
break  up  amygdalin,  as  outlined  above. 

When^  the  amygdalin  is  split  up  by  the  emulsin,  glucose,  hydro- 
cyanic acid,  and  oil  of  bitter  almond  are  the  three  decomposition  prod- 
ucts, and  only  by  the  breaking  up  of  the  amygdalin  is  the  oil  developed. 
In  the  dry  seed  the  amygdalin  and  emulsin  rest  quietly  side  by  side, 
just  as  do  the  sodium  bicarbonate  and  tartaric  acid  in  dry  effervescent 
salts,  such  as  granular  magnesium  citrate.  As  soon  as  the  water  is 
added,  just  as  the  effervescent  salts  show  energetic  chemical  action, 
even  so,  though  marked  only  by  the  development  of  the  bitter  almond 
odor,  does  the  emulsin  react  with  the  amygdalin. 

In  obtaining  the  bitter  almond  oil  the  fixed  oil  is  separated  by 
expression.  The  press  cake  is  then  mixed  with  water  at  50°  C.  for 
about  a  day  and  then  distilled.     This  results  in  the  hydrolysis  of  the 
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amygdalin  under  the  influence  of  the  ferment  emulsin,  as  just  ex- 
plained. When  using  the  ferment,  great  care  must  be  exercised  to 
prevent  too  great  heat,  as  that  causes  decomposition  of  the  ferment  and 
its  subsequent  inactivity.  This  statement  is  worth  bearing  in  mind, 
as  there  has  arisen  the  erroneous  impression  that  the  reason  why  cold 
water  is  used  in  the  wild-cherry  preparations  is  to  prevent  the  evapora- 
tion of  the  hydrocyanic  acid.  This  is  only  partly  true,  the  real  object 
of  avoiding  hot  water  being  to  prevent  decomposition  of  the  ferment 
employed.  From  the  volatile  oil  of  bitter  almond  the  hydrocyanic 
acid  can  be  removed  by  treatment  with  ferrous  sulphate  and  milk 
of  lime  and  redistillation  of  the  product  with  steam.  This,  however, 
is  not  done  in  the  manufacture  of  the  pharmaceutic  oil,  the  pharma- 
copoeia specifying  that  same  shall  contain  2  to  4  per  cent,  hydrocyanic 
acid,  and  this  fact  gives  us  a  means  of  distinction  between  the  synthetic 
benzaldehyde,  which  is  free  from  hydrocyanic  acid,  and  the  natural 
oil  of  bitter  almond.  A  very  large  quantity  of  such  oil  of  bitter  almond 
on  the  market  represents  synthetic  benzaldehyde,  and  can  be  detected 
as  mentioned  above.  Note  in  the  pharmacopoeial  description  given 
above  that  the  crystals  forming  in  bottles  of  the  oil  consist  of  benzoic 
acid. 

Do  not  confound  this  synthetic  oil  of  bitter  almond — benzalde- 
hyde— with  the  so-called  artificial  oil  of  bitter  almond  or  oil  of  mirbane. 
This  has  nothing  to  do  with  the  almond,  being  CgHjNOa,  nitrobenzene. 
Its  unfortunate  synonym  is  due  to  the  fact  that  its  odor  suggests  that 
of  bitter  almond. 

Dose.— 0.03  Cc.  (i  minim). 

AMYGDALA   AMARA.     Bitter  Almond. 

The  ripe  seed  of  Prunus  Amygdaliis  Stokes,  var.  amara  De  CandoUe  (Fam. 
Rosacece). 

Constituents. — Fixed  oil,  45  per  cent. ;  amygdalin,  2  to  3  per  cent. ; 
emulsin;  asparagin;  proteid. 

Remarks. — The  formation  of  the  volatile  oil,  which  does  not  exist 
in  the  dry  seeds,  but  which  is  formed  by  the  action  of  the  emulsion 
on  amygdalin,  has  been  fully  described  just  above. 

Medical  Properties. — Sedative.  Used  largely  as  a  flavor.  Seed 
rarely  employed  in  medicine,  the  volatile  oil  being  preferable. 

PRUNUS   VIRGINIANA.     Wild  Cherry. 

_  The  bark  of  Prunus  serotina  Ehrhart  {Prunus  virginiana  Miller)  (Fam.  Rosacece), 
which  should  be  collected  in  autumn  and  carefully  dried  and  preserved. 

Constituents. — Starch,  resin,  tannin,  volatile  oil;  amygdalin  and 
emulsin;  fluorescent  principle. 

Remarks. — The  dry  bark  contains  neither  oil  nor  hydrocyanic  acid, 
but,  like  bitter  almond,  these  principles  are  produced  when  the  bark 
is  moistened,  and,  therefore,  constitute  the  medicinal  activity  of  the 
drug.  A  simple  test  for  wild  cherry  is  that  it  is  the  only  official  bark 
which,  when  chewed,  gives  the  odor  of  hydrocyanic  acid  (or  of  bitter 
almond).  The  ferment  emulsin  is  rendered  inactive  when  treated 
with  hot  water,  and  no  oil  nor  hydrocyanic  acid  will  be  developed  in 
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wild  cherry  when  so  heated;  hence  all  official  preparations  of  the  bark, 
including  the  infusion,  are  made  with  cold  solvents. 

Medical  Properties. — Tonic,  mild  sedative  (for  coughs).  Used 
in  form  of  infusion  (p.  215),  syrup  (p.  197),  and  fluidextract  (p.  253), 
all  of  which  are  official. 

Dose. — 2  Gm.  (30  grains). 

ACIDUM   BENZOICUM.     Benzoic  Acid. 

HC7H5O2  =  121.13 

An  organic  acid  [CgHj-COOHJ,  obtained  from  benzoin  by  sublimation,  or  pre- 
pared artificially.  It  should  be  kept  in  dark  amber-colored,  weU-stoppered  bottles, 
in  a  cool  place. 

White  or  yellowish-white,  lustrous  scales  or  friable  needles,  nearly  odorless,  or 
having  a  slight  characteristic  odor  resembling  that  of  benzoin,  and  an  acid,  pungent 
taste;  somewhat  volatile  at  a  moderately  warm  temperature,  and  acquiring  a  yellow 
color  on  exposure  to  light. 

Soluble  in  281  parts  of  water  and  in  1.8  parts  of  alcohol  at  25°  C.  (77°  F.);  in 
15  parts  of  boiling  water  and  in  1  part  of  boiling  alcohol;  also  soluble  in  3  parts  of 
ether,  7  parts  of  chloroform,  and  readily  soluble  in  carbon  disulphide,  benzene, 
fixed  and  volatile  oils;  sparingly  soluble  in  petroleum  benzin. 

Benzoic  acid  volatiUzes  freely  with  the  vapor  of  water.  On  heating  it  to  100°  C. 
(212°  F.)  it  begins  to  sublime.  At  121.4°  C.  (250.5°  F.)  it  melts,  and  at  a  higher 
temperature  it  is  consumed  without  leaving  a  residue. 

The  acid  sublimed  from  benzoin  has  a  lower  melting-point,  and  a  greater  solu- 
bihty  in  water,  than  that  prepared  artificially. 

An  aqueous  solution  of  Benzoic  Acid  colors  blue  litmus-paper  red. 

On  heating  Benzoic  Acid  gradually  with  3  parts  of  freshly  slaked  lime  in  a  dry 
test-tube,  benzene  is  evolved. 

Benzoic  Acid  is  freely  soluble  in  solutions  of  alkali  hydroxides.  On  carefully 
neutraUzing  such  a  solution,  and  adding  ferric  chloride  T.S.,  previously  diluted  with 
2  volumes  of  water,  and  neutralized,  if  necessary,  by  ammonia  water,  a  flesh-colored 
precipitate  of  ferric  benzoate  is  produced. 

A  solution  of  Benzoic  Acid  in  pure,  cold  sulphuric  acid,  when  gently  warmed, 
should  not  turn  darker  than  light  brown;  if  is  then  poured  into  water,  the  Benzoic 
Acid  should  separate  as  a  white  precipitate,  and  the  liquid  should  be  colorless  (ab- 
sence of  readily  carbonizable,  organic  matters). 

If  0.5  Gm.  of  the  Acid  and  0.8  Gm.  of  calcium  carbonate  be  mixed  with  a  little 
distilled  water  in  a  crucible,  the  mixture  dried,  gently  ignited,  and  then  dissolved 
in  20  Cc.  of  distilled  water,  with  the  aid  of  nitric  acid  in  slight  excess,  and  filtered, 
the  addition  of  silver  nitrate  T.S.  should  not  produce  much  more  opalescence  than 
is  produced  by  the  same  quantity  of  the  same  reagent  in  a  solution  measuring  20  Cc, 
prepared  by  dissolving  0.8  Gm.  of  the  same  calcium  carbonate  in  distilled  water  with 
the  aid  of  nitric  acid  (absence  of  more  than  traces  of  chlorine). 

On  warming  0.5  Gm.  of  the  Acid  with  5  Cc.  of  water  and  0.5  Gm.  of  potassium 
permanganate  in  a  test-tube,  loosely  stoppered,  and  placing  it  in  a  water-bath  heated 
to  about  45°  C.  (113°  F.)  for  about  ten  minutes,  then  tightly  stoppering,  and  cooling 
the  test-tube  with  cold  water,  upon  removing  the  stopper,  no  odor  of  oil  of  bitter 
almond  should  be  discernible  (absence  of  cinnamic  acid). 

Tests  for  Identity. — Given  above. 

Impurities. — Carbonizable  matter,  chlorine,  and  cinnamic  acid. 
Details-  above.     Hydrochloric  acid.     Details  in  Part  V. 

Remarks. — Benzoic  acid  represents  the  final  oxidation  product  of 
benzyl  alcohol,  this  yielding  benzaldehyde,  and  it  in  turn  yielding 
benzoic  acid. 

C^HsCH^OH    — »    CeHjCHO    -*    CeH^COOH. 

Benzyl  alcohol.  Benzaldehyde.  Benzoic  acid. 

Benzoic  acid  was  discovered  by  Vigeilere  in  1608  in  benzoin,  hence 
the  name.     Scheele  in  1785  discovered  it  was  a  constituent  of  the 


780  PRINCIPLES   OF  PHARMACY 

urine,  and  Liebig  and  Woehler  in  1832  proved  its  chemical  com- 
position. As  mentioned  above,  benzoic  acid  is  a  normal  constituent 
of  benzoin,  and  is  also  an  important  constituent  of  balsams;  balsams 
being  oleoresins  containing  benzoic  and  cinnamic  acids. 

Benzoic  acid  can  be  made  from  benzene  by  converting  same  first 
into  phenyl  chloride,  CgHsCl,  changing  this  to  benzonitril,  CgHjCN, 
and  treating  this  with  potassium  hydroxide,  when  the  potassium 
benzoate  is  formed. 

As  mentioned  above,  it  is  also  made  by  the  oxidation  of  either 
benzylalcohol  or  benzaldehyde.  Commercial  benzoic  acid,  however, 
is  usually  manufactured  by  one  of  the  four  following  methods: 

(a)  Sublimation  of  benzoin,  as  described  fully  on  page  1102. 

(b)  From  Hippuric  Acid. — This  body  is  a  constituent  of  the  urine 
of  cattle,  and  is  benzoyl  glycocoll,  CeHsCONHCHjCOOH. 

On  boiling  this  substance  with  hydrochloric  acid  it  splits  into 

glycocoll  (amido-acetic  acid),  CHjCOOH,  and  benzoic  acid. 

The  benzoic  acid  thus  produced  is  usually  mixed  with  benzoin  and 
resublimed,  and  when  fresh,  is  an  acceptable  preparation.  In  older 
samples  the  origin  can  be  readily  detected  by  the  odor  of  stale  urine. 
The  benzoic  acid  of  this  source  was  formerly  used  in  considerable 
quantities  under  the  name  of  German  benzoic  acid,  but  at  the  present 
time  the  process  has  been  largely  supplanted  by  a  third  method  of 
manufacture. 

(c)  From  Toluene  — A  comparison  of  the  formulas  of  toluene, 
CgHgCHg,  and  of  benzoic  acid,  CgHsCOOH,  will  show  that  the  difference 
between  them  is  slight;  benzoic  acid  has  two  atoms  of  oxygen  more 
and  two  atoms  of  hydrogen  less,  and,  therefore,  it  should  be  easily 
prepared  by  oxidation. 

This,  however,  is  not  wholly  the  case,  the  reaction  being  rather 
indirect.  Toluol  is  treated  with  chlorine,  changing  it,  CgHgCHg  into 
CgHgCClg,  and  this,  when  boiled  with  water,  is  converted  into  benzoic 
and  hydrochloric  acids,  by  the  following  reaction: 


jCl  HgO  1^=0 

C«HJ^^     +      and       =     CeHj'  +     3HCI. 


(d)  Process  of  Manufacture  from  Naphtalin. — This  body  is  CioHg, 
or,  graphically,  as  expressed  in  Formula  I  below,  and  on  oxidation 
with  nitric  acid,  it  yields  phtalic  acid,  CeH4(COOH)2,  which  is  graph- 
ically expressed  in  Formula  II. 

Formula  I.  Formula  II. 

H         H  ^  H 


Hc^  ^c^  V;h  hc^  ^c— cooh 

I       II      I  ©-*►          I       II 

HC^     yC.      yJCR  HC^     /C— COOH 

H         H  H 
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Phtalic  acid,  on  treatment  with  calcium  hydroxide,  loses  one  COj 
group,  and  is  converted  into  benzoic  acid,  CgHjCOOH,  or  rather  into 
its  calcium  salt. 

Benzoic  acid  is  used  as  an  antiseptic  and  employed  medicinally 
chiefly  in  the  form  of  metallic  benzoates. 

Dose. — 500  milligrammes  (7^  grains). 

Sulphobenzoic  acid,  CeH4<pQ^QTT,  made  by  treating  benzoic  acid 

with    sulphuric    acid,    is     mentioned    because     of     its    amid-deriva- 

tive,    saccharin,   Q^i^^y'^'R,   which   was    d'scovered    by   Remsen 

and  Fahlberg  in  1879.     Its  synthesis  can  best  be  expressed  by  succes- 
sive products  of  the  reaction: 

f^  TT   SO3H    -■  p  TT  SO2CI    p-  p  TT  SO2NH2    ~^     ■       p  TT  SOjNHa    ~     ,      p  TT   SOa^ATTT 

(Sulpho-  Ortho-toluol-sul-      Ortho-toluol-sul-       (Ortho-sulphamine  (Saccharin), 

toluene).  phochloride.  pbamide.  benzoic  acid). 

Toluene,  when  treated  with  sulphur  trioxide,  yields  sulphotoluene, 
CgH^^l^pTTH.  This  yields  successively  the  products  given  above, 
the  end-product  being  saccharin,  which  is  official  as — 

BENZOSULPHINIDUM.     Benzosulphinide.     Saccharin. 

C,H,<gg2>NH  =  181.77 

The  anhydride  of  ortho-sulphamide-benzoic  acid  (benzoyl  sulphonic-imide). 

A  white,  crystalline  powder,  nearly  odorless,  having  an  intensely  sweet  taste 
even  in  dilute  solutions. 

Soluble  in  250  parts  of  water  and  in  25  parts  of  alcohol,  and  but  slightly  soluble 
in  ether  or  chloroform  at  25°  C.  (77°  F.);  soluble  in  24  parts  of  water  at  100°  C.  (212° 
F.).  It  is  easily  soluble  in  ammonia  water,  in  alkali  hydroxide  solutions,  and  in  a 
solution  of  sodium  bicarbonate,  with  the  evolution  of  carbon  dioxide. 

Heated  between  219°  and  220°  C.  (426.2°  and  428°  F.)  it  melts,  and  at  higher 
temperatures  burns  with  an  odor  of  oil  of  bitter  almond,  without  leaving  a  weighable 
residue  (absence  of  inorganic  impurities). 

If  0.2  Gm.  of  Benzosulphinide  be  dissolved  with  agitation  in  10  Cc.  of  pure  sul- 
phuric acid,  and  the  solution  kept  at  a  temperature  of  from  48°  to  50°  C.  (118.4°  to 
122°  F.),  on  a  water-bath,  it  should  not,  within  ten  minutes,  show  a  brown  color 
(absence  of  carbohydrates). 

If  0.2  Gm.  of  Benzosulphinide  be  dissolved  in  5  Cc.  of  potassium  hydroxide  T.S., 
the  solution  should  be  clear,  and  not  become  colored,  even  on  prolonged  heating 
(absence  of  glucose). 

A  similar  solution  mixed  with  5  Cc.  of  alkaline  cupric  tartrate  V.S.  should  not, 
on  heating,  deposit  any  red  cuprous  oxide  (absence  of  glucose  or  milk-sugar). 

If  to  a  hot  aqueous  solution  of  Benzosulphinide,  ferric  chloride  T.S.  be  added, 
drop  by  drop,  no  precipitation  or  violet  color  should  appear  (absence  of  benzoic 
or  salicylic  acids). 

Tests  for  Identity. — Given  above. 

Impurities. — Carbohydrates,  glucose,  milk-sugar,  benzoic  and 
salicylic  acids.     Details  above. 

Remarks. — Saccharin  is  in  the  form  of  white  powder,  sparingly 
soluble  in  water,  and  possessing  a  taste  that  has  been  graphically 
described  as  being  "so  sweet  that  it  is  bitter"  (being  300  times  sweeter 
than  sugar),  and  in  order  to  obtain  its  full  sweetening  power  it  is 
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.oary  that  it  be  diluted.  Administered  as  a  sweetener,  it  is  usually- 
combined  with  alkali,  such  as  sodium  bicarbonate,  and  the  saccharine 
tablets  intended  for  use  by  diabetic  patients  in  place  of  sugar  are 
combined  with  the  required  quantity  of  alkali  before  compression. 
The  addition  of  alkali  is  in  order  to  render  them  more  soluble. 

As  noted  in  the  official  description  just  given,  saccharin  is  only 
sparingly  soluble  in  water.  The  sodium  compound,  on  the  other  hand, 
is  very  soluble,  although  not  so  powerful  an  antiseptic. 

Saccharin  is  by  no  means  a  harmless  agent,  and  its  indiscriminate 
use  as  a  sweetener  should  be  deprecated.  For  diabetic  patients  it 
is  a  boon,  but,  on  the  other  hand,  for  sweetening  foods  in  order  to 
spare  the  cost  of  the  sugar  its  use  should  be  strongly  condemned. 

It  is  of  interest  to  note  that  saccharin  possesses  valuable  anti- 
septic properties,  the  researches  of  Miller  showing  that  saccharin 
ranked  in  activity  next  to  bichloride  of  mercury  as  an  agent  for 
destroying  the  bacteria  of  the  mouth. 

Professor  Miller  devised  a  saccharin  mouth-wash  containing 
saccharin,  an  astringent  substance  like  krameria,  blended  with 
aromatics,  and  products  similar  to  this  are  among  the  most  popular 
of  the  modern  mouth-wash  preparations. 

Dose. — 200  milligrammes  (3  grains). 

ACIDUM   SALICYLICUM.     Salicylic  Acid. 

HC,HA  =  137.01 

A  monobasic  organic  acid  [CgH^(OH)COOH  1 :  2],  existing  naturally  in  combina- 
tion in  various  plants,  but  generally  prepared  synthetically  from  phenol. 

Light,  fine,  white,  prismatic  needles,  or  a  bulky,  white,  crystalline  powder; 
odorless,  or  having  a  slight  gaultheria-like  odor,  with  a  sweetish,  afterward  acrid 
taste,  and  permanent  in  the  air. 

Soluble  in  308  parts  of  water  and  in  2  parts  of  alcohol  at  25°  C.  (77°  F.);  in  14 
parts  of  boiling  water  and  very  soluble  in  boiling  alcohol;  also  soluble  in  ether, 
absolute  alcohol,  and  chloroform. 

When  heated  to  156°  C.  (312.8°  F.)  the  Acid  begins  to  melt,  and  is  completely 
melted  at  157°  C.  (314.6°  F.);  at  a  higher  temperature  it  is  gradually  dissipated 
without  leaving  more  than  0.6  per  cent,  of  fixed  residue. 

The  saturated  aqueous  solution  has  an  acid  reaction  upon  blue  Utmus-paper, 
and  is  colored  intensely  bluish-violet  (in  high  dilution  violet-red)  by  ferric  chloride 
T.S. 

On  adding  to  a  small  portion  of  Salicylic  Acid,  in  a  test-tube,  about  1  Cc.  of 
concentrated  sulphuric  acid,  then,  cautiously,  about  1  Cc.  of  methyl  alcohol  in  drops, 
and  heating  the  mixture  to  boiling,  methyl  salicylate  will  be  produced,  which  may 
be  recognized  by  its  odor. 

On  allowing  a  saturated  alcoholic  solution  of  the  Acid  to  evaporate  spontaneously 
in  a  glass  or  porcelain  evaporating  dish,  in  a  place  protected  from  dust,  a  perfectly 
white,  crystalline  residue  should  remain  (absence  of  iron,  phenol,  or  coloring-matter). 

If  1  Gm.  of  the  Acid  be  dissolved  in  an  excess  of  cold  sodium  carbonate  T.S.,  the 
liquid  agitated  with  an  equal  volume  of  ether,  and  the  ethereal  solution  allowed  to 
evaporate  spontaneously,  the  residue,  if  any,  should  be  free  from  the  odor  of  phenol. 

On  treating  about  0.5  Gm.  of  Salicylic  Acid,  in  a  clean  test-tube,  with  10  Cc.  of 
concentrated  sulphuric  acid,  no  color  should  be  imparted  to  the  latter  within  fifteen 
minutes  (absence  of  readily  carbonizable  organic  impurities). 

Tests  for  Identity. — Given  above. 

Impurities. — Iron,  phenol,  coloring-matter,  carbonizable  matter. 
Details  above.     Hydrochloric  acid.     Details  in  Part  V. 

This  body  is  ortho-oxyhenzoic  acid.  It  was  discovered  and  named 
by  Piria  in  1839  as  an  oxidation  product  of  salicin.     It  occurs  natur- 
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ally  in  several  of  the  volatile  oils,  notably  that  of  wintergreen  and 
sweet  birch.  The  synthesis  of  salicylic  acid  has  been  accomplished 
in  several  ways.  One  is  by  fusing  salicin  with  potassium  hydroxide. 
It  can  also  be  made  by  treating  orthocresol  with  potassa,  but  its 
commercial  manufacture  is  by  treatment  of  sodium  carbolate  with 
carbon  dioxide,  this  being  the  celebrated  Kolbe's  process. 

This  can  be  best  explained  as  the  (shoving  of  a  molecule  of  COj 
into  a  molecule  of  phenol.     Phenol  is  Cgftg^^j  o?  it  can  be  expressed  as 

CeH^ TT    ;  treat  this  with  CO2,  and  we  get  salicylic  acid,  C8H4<pq^tt 

It  is  interesting  to  note  that  in  this  case  potassium  carbolate 
cannot  be  used  for  the  sodium  carbolate.  If  the  potassium  carbolate 
is  used,  instead  of  getting  ortho-oxybenzoic  acid,  we  obtain  the  para- 
oxybenzoic  acid. 

Salicylic  acid  occurs  in  fine  white  needles  or  light  crystalline 
powder,  soluble  in  308  parts  of  water  and  2  parts  of  alcohol,  melting 
at  156°  to  157°  C.  It  gives  a  very  characteristic  and  delicate  reaction 
with  ferric  chloride,  the  latter  agent  giving  a  distinct  red  tint  in  an 
aqueous  solution  of  one  part  salicylic  acid  to  400,000  parts  water,  or, 
roughly  speaking,  one  grain  dissolved  in  7  gallons  of  water  will  give 
distinct  reaction  with  ferric  chloride.  More  concentrated  solutions 
of  salicylic  acid  or  salicylates  give  a  deep  purple  precipitate  with  ferric 
chloride. 

Salicylic  acid  is  a  valuable  antipyretic,  antirheumatic,  and  anti- 
septic. 

Dose. — 500  milligrammes  (7h  grains). 

Several  derivatives  of  salicylic  acid  are  official:  the  salicylates  of 
the  metals  sodium,  lithium,  ammonium,  and  strontium;  of  the  alka- 
loids, physostigmine  and  quinine;  and  the  esters,  methyl  salicylate 
and  phenyl  salicylate. 

METHYLIS   SALICYLAS.     Methyl  Salicylate. 

CH3C7H5O3  =  150.92 
[Methyl  Salicylas,  Pharm.  1890] 

An  ester  [C8H4(OH)COOCH3  1:2],  produced  synthetically;  it  is  the  principal 
constituent  of  Oil  of  Gaultheria  and  Oil  of  Betula.  For  flavoring  purposes,  Oil  of 
Gaultheria,  Oil  of  Betula,  and  Methyl  Salicylate  may  be  regarded  as  identical  prod- 
ucts.    It  should  be  kept  in  well-stoppered  bottles,  protected  from  light. 

A  colorless  hquid,  having  a  characteristic,  strongly  aromatic,  wintergreen  odor, 
and  a  sweetish,  warm,  and  aromatic  taste. 

Specific  gravity:  1.180  to  1.185  at  25°  C.  (77°  F.),  according  to  the  amount  of 
moisture  present. 

Boihng-point:  219°  to  221°  C.  (426.2°  to  429.8°  F.). 

It  is  optically  inactive. 

Sparingly  soluble  in  water;  soluble,  in  all  proportions,  in  alcohol,  glacial  acetic 
acid,  and  carbon  disulphide. 

The  alcoholic  solution  is  neutral  or  slightly  acid  to  litmus-paper. 

If  a  drop  of  Methyl  Salicylate  be  shaken  with  a  little  water,  and  a  drop  of  ferric 
chloride  T.S.  subsequently  added,  a  deep  violet  color  will  be  produced. 

When  heated  on  a  water-bath,  in  a  flask  provided  with  a  suitable  condenser, 
it  should  yield  no  distillate  having  the  characteristics  of  alcohol  or  chloroform. 

If  to  1  Cc.  of  Methyl  Salicylate,  contained  in  a  capacious  test-tube,  10  Cc.  of 
potassium  hydroxide  T.S.  be  added,  and  the  mixture  agitated,  a  bulky,  white,  crys- 
talline precipitate  will  be  produced;  then,  if  the  test-tube,  loosely  corked,  be  allowed 
to  stand  in  boiling  water  for  about  five  minutes,  with  occasional  agitation,  the  pre- 
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cipitate  should  dissolve,  and  form  a  clear,  colorless,  or  faintly  yellowish  solution,  with- 
out the  separation  of  any  oily  drops,  either  on  the  surface  or  at  the  bottom  of  the 
liquid  (absence  of  volatile  oils,  or  of  petroleum).    . 

If  the  alkaline  liquid  thus  obtained  be  subsequently  diluted  with  about  three 
times  its  volume  of  water,  and  a  slight  excess  of  hydrochloric  acid  added,  a  white, 
crystalline  precipitate  will  be  produced  which,  when  collected  on  a  filter,  washed 
with  a  little  water,  and  recrystallized  from  hot  water,  should  respond  to  the  tests 
of  identity  and  purity  given  under  Acidum  Salicylicum  (absence  of  methyl  henzoate, 
etc.)- 

Tests  for  Identity. — Given  above. 

Impurities. — Alcohol,  chloroform,  other  volatile  oils,  petroleum, 
methyl  benzoate.     Details  above. 

Remarks. — Methyl  salicylate  is  made  by  treating  methyl  alcohol 
with  salicylic  acid  in  the  presence  of  sulphuric  acid,  as  shown  by  the 
following  equation: 

CH3OH     +     CHjHjOs     =     CHjC^HA     +    H2O. 

In  this  case,  as  in  making  all  esters,  the  sulphuric  acid  acts  as  a 
dehydrating  agent,  removing  the  water  formed  during  the  reaction. 
Two  natural  forms  of  methyl  salicylate  are  also  recognized  by  the 
pharmacopoeia,  oleum  gaultherice  (oil  of  wintergreen) ,  and  oleum 
betulce  (oil  of  birch). 

OLEUM   GAULTHERIiE.     Oil  of  Gaultheria. 

A  volatile  oil  distilled  from  the  leaves  of  Gaultheria  procumbens  Linne  (Fam. 
Ericacece),  rectified,  if  necessary,  by  steam  distillation.  It  should  be  kept  in  well- 
stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

A  colorless  or  almost  colorless  liquid,  having  a  characteristic,  strongly  aromatic 
odor,  and  a  sweetish,  warm,  and  aromatic  taste. 

Specific  gravity:  1.172  to  1.180  at  25°  C.  (77°  F.). 

Boiling-point:  218°  to  221°  C.  (424.4°  to  429.8°  F.). 

It  is  slightly  Isevogyrate,  up  to  —1°  in  a  100-Mm.  tube,  at  25°  C.  (77°  F.). 

In  other  respects  it  has  the  same  properties  as,  and  conforms  to  the  reactions  and 
tests  given  under,  Methylis  Salicylas. 

OLEUM   BETULiE.     Oil  of  Betula. 

[Oleum  Betulce  Volatile,  Pharm.  1890] 

A  volatile  oil  obtained  by  maceration  and  distillation  from  the  bark  of  the  Sweet 
Birch,  Betula  lenta  Linne  (Fam.  Betvlaceoe).  It  should  be  kept  in  weU-stoppered, 
amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

It  is  optically  inactive,  but  otherwise  has  essentially  the  same  properties  as,  and 
conforms  to  the  reactions  and  tests  given  under.  Oleum  Gaultherice. 

'  Remarks. — The  oil  of  sweet  birch  is  recognized  by  the  pharma- 
copoeia because  a  large  amount  of  the  so-called  oil  of  wintergreen  is 
obtained  by  the  distillation  of  the  bark  of  birch.  The  differentiation 
between  the  oil  of  sweet  birch  and  the  oil  of  wintergreen  is  a  matter 
of  considerable  difficulty.  In  fact,  no  less  an  authority  than  Pro- 
fessor Kremers  claims  that  it  is  practically  impossible  to  decide  chem- 
ically whether  a  given  sample  is  from  wintergreen  or  from  birch, 
although  some  therapeutists  claim  that  the  oil  of  birch  is  more  irri- 
tating. 

As  methyl  salicylate  can  be  made  by  combining  methyl  hydroxide 
and  salicylic  acid,  so  oil  of  wintergreen  and  oil  of  birch  can  be  split 
up  into  these  two  constituents  by  the  process  of  treating  the  oil  with 
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sodium  hydroxide,  when  the  methyl  salicylate  is  decomposed  by  the 
following  reaction: 

CHjC^H^Oj     +     NaOH     =     CH3OH     +     NaC^HgO,. 

This  process  of  breaking  down  an  ester  is  called  saponification,  because 
the  formation  of  soap  from  a  fixed  oil — an  ester  of  glycerin — is  accom- 
plished by  a  practically  identical  process.     (See  p.  737.) 

The  saponification  of  the  oil  of  wintergreen  under  the  influence  of 
sodium  hydroxide  is  applied  commercially  in  the  manufacture  of  the 
so-called  natural  salicylate  of  sodium  and  salicylic  acid.  The  proc- 
ess is  a  simple  one,  the  oil  being  warmed  in  a  porcelain  dish  on 
a  water-bath,  and  then  treated  with  molecular  proportions  of  a  solu- 
tion of  soda,  when  the  sodium  salicylate  separates  out  in  a  white  mass. 
On  adding  water  the  sodium  salicylate  dissolves,  the  solution  is  then 
filtered,  and  sodium  salicylate  obtained  from  the  solution  by  granula- 
tion through  evaporation  In  preparing  sodium  salicylate  by  this 
process  it  is  important  that  there  be  a  slight  excess  of  acid,  otherwise 
the  finished  product  will  have  an  ugly  gray  color.  Scrupulous  pains 
must  be  taken  to  avoid  any  contact  with  iron  during  the  manufacture, 
for  the  slightest  trace  of  iron  will  color  the  sodium  salicylate  from 
pink  to  red.  From  this  sodium  salicylate  a  natural  salicylic  acid 
can  be  isolated  by  treatment  with  the  requisite  quantities  of  sulphuric 
acid  and  crystallization  of  the  separated  salicylic  acid  from  alcohol. 

These  three  forms  of  methyl  salicylate  are  used  as  antirheumatics, 
but  the  less  irritating  sodium  salicylate  is  usually  preferable. 

Dose. — Of  all  three,  1  Cc.  (15  minims). 

PHENYLIS  SALICYLAS.     Phenyl  Salicylate. 

'      c,3HjA  =  212.47 

[Salol,  Pharm.  1890] 

The  salicylic  ester  [CbH,(OH)COOC6H5  1: 2]  of  phenyl. 

A  white,  crystalline  powder,  having  a  faint,  aromatic  odor,  and  a  slight,  but 
characteristic  taste. 

Soluble  in  2333  parts  of  water  and  in  5  parts  of  alcohol  at  25°  C.  (77°  F.); 
very  soluble  in  hot  alcohol,  and  in  ether,  chloroform,  and  fixed  and  volatile  oils. 

When  heated  to  42°  C.  (107.6°  F.)  it  melts,  and  at  a  higher  temperature  is  con- 
sumed, leaving  no  weighable  residue. 

If  to  the  alcohoUc  solution  be  added  diluted  ferric  chloride  T.S.,  a  violet  color 
is  produced. 

If  0.2  to  0.3  Gm.  of  Phenyl  Salicylate  be  dissolved  in  a  little  warm  sodium  hy- 
droxide T.S.,  and  the  solution  be  then  acidified  with  hydrochloric  acid,  salicylic 
acid  separates,  and  the  odor  of  phenol  is  recognizable. 

Phenyl  Salicylate  should  not  redden  moistened  blue  litmus-paper  (absence  of 
free  adds). 

If  1  Gm.  of  Phenyl  Salicylate  be  shaken  with  50  Cc.  of  water,  the  liquid  filtered, 
and  5  drops  of  ferric  chloride  T.S.,  previously  diluted  with  20  volumes  of  water,  be 
added,  the  filtrate  should  show  either  no  color,  or  at  most  a  trace  (limit  of  unconv- 
bined  phenol  or  salicylic  acid). 

Tests  for  Identity. — Given  above. 

Impurities. — Free   acid,   uncombined  phenol,   and   salicylic   acid. 

Details  above.     Sulphates  and  chlorides.     Details  in  Part  V. 

OH 
This  graphic  formula,  CJiiKf^^^f^  tt  ,  shows  that  salol  is  salicylic 
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acid  with  the  carboxyl  hydrogen  replaced  by  the  phenyl  group  (CgHs). 
It  can  also  be  written  as  phenyl  salicylate,  C6H5C7H5O3. 

Salol  is  an  artificial  ester  obtained  by  the  treatment  of  phenol 
with  salicylic  acid  in  the  presence  of  phosgen,  sulphuric  acid  not  being 
indicated  in  this  case,  since  its  action  would  be  too  violent.  The 
equation  of  manufacture  is — 

CeH^OH     +     HCjHjOa     =     CeHAH.Oa     +     H,0. 

Salol  is  a  remedy  of  comparatively  recent  origin,  and  has  been 
found  admirable  in  rheumatic  cases,  it  having  a  less  irritating  action 
than  have  the  other  salicylates. 

Dose. — 500  milligrammes  (7^  grains). 

Salol  is  interesting  because  insoluble  in  acids,  but  freely  soluble 
in  alkalis.  On  account  of  this  peculiarity  it  is  used  for  a  coating 
for  enteric  pills,  such  pills  being  desired  to  pass  through  the  acid 
juices  of  the  stomach  undissolved,  but  intended  to  dissolve  in  the 
alkaline  juices  of  the  intestines  (p.  321). 

So  successful  has  salol  proved  that  a  large  number  of  derivatives 
from  it  are  now  found  on  the  market. 

OCOC  TT  OTT 
Salophene  is  acetyl-para-amido-salol,  P-CeH4<xTTTpQ/-,u^ 

The  structure  of  this  body  can  be  best  explained  by  the  stages  of  its  manufacture. 

OCO— CsH.OH 
Salol  is  converted  into  para-nitro-salol,  p-CgH^ — NOj.  This,  by  reduction, 

/^p/~j r\  XT  f\XI 

gives  para-amido-salol,  p-CeHi<j^TT         '    *        ,  and  this,  treated  with  acetic  acid, 

yields  salophene. 

Salophene  is  used  as  a  salol  substitute  in  rheumatic  and  gastric  troubles,  it 
being  considered  safer  than  salol. 
/OC2H5 

Saliphene,  CJi/  NHC,H502. — This  body  is  a  salicyl-phenetidin,  and  is  men- 
tioned in  passing  merely  to  caU  attention  to  the  confusing  similarity  of  the  names 
of  these  two  substances. 

Salicylamide,  C5H^<q^      ^. — This  is  made  by  treating  oil  of  wintergreen  with 

ammonia  gas,  and  is  used  as  a  salicylic  acid  substitute. 

Cresalol,  CbH^<pqq/-,  tt  rirj  .—Salol  is  salicylic  acid  combined  with  the  phenol, 

CgH.OH.     Cresalol  is  salicylic  acid  combined  with  cresol,  C.H^^-CHj 

\0H. 
It  is  made  by  combining  sodium  salicylate  and  sodium  cresylate  in  the  pres- 
ence of  phosphorous  oxychloride,  POCI3.    The  reaction  can  best  be  shown  by  the  two 
compounds  uncombined  with  sodium,  viz.: 

Salicylic  acid.  Cresol.  Cresalol. 

n  Ti  ^^OH  ,      p  XT  ^OH      _     p  XT  ^OH 

^8^*^C00H     +     '"»^*^CH3     ~     ^«"^^COOCeH,CHg. 

DIOXYBENZOIC  ACIDS 

We  have  already  seen  that  salicylic  acid  is  a  mono-oxybenzoic 
acid,  or  a  phenol  in  which  one  atom  of  hydrogen  has  been  replaced 
by  the  carboxyl  group.  In  the  same  way  the  dioxyphenols,  by  sub- 
stitution of  one  atom  of  hydrogen  with  carboxyl,  yield  dioxybenzoic 
acids. 
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(OH),  (3:  4). 
Thus,  p3n"ocatechin,    o-CgH^(OH)j,  yields  protocatechuic  acid,  CeHjCOOH  d) 

(OH),  (3:5). 
/    Resorcin,  m-CgH4(0H)j,  yields  resorcylic  acid,  CgHjCOOfl  d) 

n  t  (OH),  (2: 5). 

\J  I    Hydroquinlne,  p-CgH4(0H)j,  yields  gentisinic  acid,  CgHaCOOH  d). 

These  acids  are  of  little  importance  in  pharmacy. 

Gentisinic  acid  is  a  decomposition  product  of  gentisin  (p.  712), 
and  protocatechuic  acid  is  of  interest  only  by  reason  of  an  important 
derivative  of  its  aldehyde.  ,CHO 

Protocatechuic  aldehyde  has  the  formula  CgHg— OH  ,  and  the 
methyl  ether  of  this  aldehyde  is  vanillin.  OH 

VANILLINUM.     VanUlin. 

CgHgOa  =  150.92 

Methylprotocatechuic  aldehyde  [CgHj.OH.OCHj.COH  4:3: 1],  occurring  naturally 
in  vanilla,  or  made  artificially  from  several  orthodihydroxybenzene  derivatives. 

Fine,  white,  crystaUine  needles,  having  the  odor  and  taste  of  vanilla,  and  having 
an  acid  reaction. 

Soluble  in  about  100  parts  of  water  at  25°  C.  (77°  F.)  and  in  15  parts  at  80°  C. 
(176°  F.).     It  is  easily  soluble  in  alcohol,  ether,  glycerin,  or  chloroform. 

When  heated  to  between  80°  and  81°  C.  (176°  and  177.8°  F.)  it  melts,  and  at 
285°  C.  (545°  F.)  it  can  be  distilled  without  decomposition  in  a  current  of  carbon 
dioxide,  leaving  no  residue. 

It  is  easily  soluble  in  aqueous  solutions  of  alkali  hydroxides,  and  from  the  com- 
binations thus  formed  it  is  precipitated  at  once  by  the  addition  of  acids. 

Ah  aqueous  solution  of  Vanillin  gives,  with  ferric  chloride  T.S.,  a  blue  color; 
if  the  mixture  be  boiled,  the  blue  color  changes  to  brown,  and  on  coohng  a  white 
precipitate  of  dihydro-di vanillin  separates. 

Vanillin  is  extracted  completely  from  its  solution  in  ether  by  shaking  with  a 
saturated  aqueous  solution  of  sodium  bisulphite,  from  which  solution  it  is  precipitated 
by  the  addition  of  sulphuric  acid. 

An  aqueous  solution  of  Vanillin  will  give,  on  the  addition  of  lead  acetate  T.S., 
a  white  precipitate  of  a  lead  compound  of  vanillin,  soluble  in  hot  water,  and  crys- 
tallizing, on  cooling,  in  scales. 

On  warming  0.1  Gm.  of  Vanillin  with  concentrated  alcoholic  solution  of  sodium 
hydroxide,  adding  chloroform  and  again  warming,  it  should  not  give  an  odor  of 
pnenyl-isocyanide  (absence  of  acetanilide). 

Tests  for  Identity. — Given  above. 

Impurities. — Acetanilide,  given  above. 

Remarks. — Vanillin  is  the  odorous  principles  of  the  vanilla  bean, 
which  has  long  been  popular  as  a  flavoring  agent.  The  extraction  of 
a  vanilla  from  vanilla  beans  is  a  matter  of  comparatively  little  difficulty, 
Ibut  the  small  yields  caused  its  commercial  extraction  to  be  at  a  cost 
\almost  prohibitive.  The  researches  of  Tiemann,  however,  proved 
the  structural  formula  of  the  substance,  and  when  this  was  known, 
the  investigator  found  it  a  matter  of  no  great  difficulty  to  prepare 
vanillin  from  the  cheaper  sources  than  from  vanilla  beans.  The  first 
vanillin  made  synthetically  was  made  from  coniferin  found  in  the 
cambial  juices  of  some  species  of  pine.  Vanillin  from  this  source 
was  prepared  by  Tiemann  and  Haarmann  in  their  chemical  factory 
at  Holzminden,  and  soon  became  an  article  of  commerce.  A  few 
years  later,  however,  Tiemann  discovered  a  simpler  and  more  eco- 
nomic source  of  the  production  of  vanillin  in  eugenol,  a  constituent 
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I  of  the  oil  of  cloves,  from  which  it  is  obtained  by  oxidation  with  potas- 
jsium  permanganate. 

Vanillin  occurs  in  the  form  of  white  crystals,  melting  at  81°  C, 
freely  soluble  in  alcohol,  and  much  less  so  in  water.  It  possesses 
a  delightful  odor  of  the  vanilla  beans,  and  is  now  very  largely  used 
instead  of  vaniHa  beans,  both  in  flavoring  extracts  and  particularly 
in  perfumery. 

Dose. — 30  milligrammes  (J  grain). 

VANILLA.     Vanilla. 

The  cured,  full  grown,  but  immature  fruit  of  Vanilla  planifolia  Andrews  (Fam. 
Orchidacece). 

Constituents. — Vanillin,  volatile  oil,  fixed  oil,  resin,  sugar,  mucilage, 
etc. 

Remarks  — There  are  a  great  variation  in  quality  of  commerce 
vanilla  beans,  ranging  from  Mexican  beans,  the  finest,  to  the  Tahiti 
bean,  the  poorest — so  poor  that  they  should  not  be  used.  The 
poorer  the  quality,  the  more  mucilage  and  less  aroma  the  bean  pos- 
sesses. 

Medical  Properties. — Carminative  and  aphrodisiac.  Chiefly  used, 
however,  as  a  flavor.  For  this  purpose  the  official  tincture  (p.  237) 
is  employed. 

Dose. — 1  Gm.  (15  grains). 


CHAPTER   XLV 
GALLIC  AND  TANNIC  ACIDS 

ASTRINGENT  DRUGS 
ACIDUM   GALLICUM.     Gallic  Acid. 

HC7HA  +  HjO  =  186.65 

An  organic  acid  [C8H2(OH)3.COOH  +  H20],  usually  prepared  from  tannic  acid. 

White,  or  pale  fawn-colored,  silky,  interlaced  needles,  or  triclinic  prisms;  odorless; 
having  an  astringent  and  slightly  acidulous  taste;  permanent  in  the  air. 

Soluble  in  83.7  parts  of  water  and  in  4.14  parts  of  alcohol  at  25°  C.  (77°  F.); 
in  3  parts  of  boiling  water  and  in  1  part  of  boiling  alcohol;  also  soluble  in  40  parts 
of  ether  and  in  12  parts  of  glycerin;  very  slightly  soluble  in  chloroform,  benzene, 
or  petroleum  benzin. 

When  heated  at  100°  C.  (212°  F.)  the  Acid  loses  its  water  of  crystallization 
(nearly  9.58  per  cent.).  At  about  200°  C.  (392°  F.)  it  begins  to  melt,  and  at  a 
higher  temperature  it  is  gradually  decomposed.  At  a  low  red  heat  it  is  consumed 
without  leaving  a  residue. 

An  aqueous  solution  of  Gallic  Acid  has  an  acid  reaction  upon  blue  litmus-paper. 

If  5  Cc.  of  a  cold  saturated  aqueous  solution  of  the  Acid  be  treated,  in  a  watch- 
glass,  with  6  drops  of  sodium  hydroxide  T.S.,  the  liquid  will  gradually  acquire  a 
deep  green  color,  which  is  changed  to  reddish  or  brownish-red  by  acids. 

Gallic  Acid  neither  colors  nor  precipitates  pure  ferrous  salts,  but  forms  a  bluish- 
black  precipitate  with  ferric  salts. 
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On  adding  to  a  cold  saturated  aqueous  solution  of  Gallic  Acid  some  calcium 
hydroxide  T.S.,  a  bluish-white  precipitate  will  form,  where  the  test  solution  is  tempo- 
rarily in  excess,  and  will  disappear  on  shaking.  When  the  test  solution  has  been 
added  in  excess,  the  precipitate  no  longer  dissolves,  and  the  liquid  acquires  a  tint 
which  is  blue  by  reflected  and  green  by  transmitted  light,  and  becomes  pink  on  the 
addition  of  a  large  excess  of  calcium  hydroxide  T.S.  (distinction  from  tannic  acid). 

An  aqueous  solution  of  the  Acid  should  not  precipitate  alkaloids,  gelatin  T.S., 
albumin  T.S.,  or  starch  T.S.  (difference  from  and  absence  of  tannic  add). 

Tests  for  Identity. — Given  above. 
Impurities. — Tannic  acid.     Details  above. 
Remarks. — The  graphic  formula  of  gallic  acid  is — 

COH 

HC       COH 

/C       COH 

c    \/ 
o     c 

O       H 
H 

CeHjCOHJgCOOH,  or,  massed  together,  HC7H5O5. 

Such  is  gallic  acid,  which  is  benzene  with  three  hydroxyls  and  one 
carboxyl  replacing  four  hydrogen  atoms. 

While  protocatechuic  acid  represents  dioxy benzoic  acid,  it  will  be 
seen  from  the  above  formula  that  gallic  acid  is  a  trioxybenzoic  acid. 
Gallic  acid  was  isolated  from  nutgall  by  Scheele  in  1785,  who  gave  it 
the  name  from  the  source  of  its  supply. 

Gallic  acid  can  be  made  synthetically  by  fusing  of  bromoproto- 
catechuic  acid  with  potassa,  as  shown  in  the  following  equation: 

Bromoprotocatechuic  acid.  Gallic  acid. 

/(OH),  (0H)3 

CgH^^Br           +     KOH  =     KBr     +     CeHjCOOH. 
\COOH 

It  is  usually  obtained  by  macerating  nutgalls  with  water  long 
enough  (several  weeks)  to  hydrolyze  the  tannin  into  gallic  acid. 
The  cold  acid  aqueous  liquid,  in  which  but  little  gallic  acid  and  much 
of  the  foreign  matter  dissolves,  is  expressed  and  thrown  away.  The 
press  cake  is  then  treated  with  boiling  water,  in  which  the  gallic  acid 
freely  dissolves,  and  the  hot  infusion  set  aside  to  permit  crystallization 
of  the  acid. 

Gallic  acid  is  a  valuable  astringent,  of  particular  service  as  a 
harmless  agent  for  stopping  minor  hemorrhages,  such  as  nosebleed. 
In  such  case  snuffing  a  small  quantity  of  gallic  acid  up  the  nose  usually 
staunches  the  flow  of  blood.  It  is  given  as  an  intestinal  astringent, 
and  is  also  used  externally;  for  this  purpose  the  official  ointment  of 
gallic  acid  is  recommended. 

Dose. — 1  Gm.  (15  grains). 

Bismuth  subgallate  is  now  official,  and  has  been  described  among 
the  preparations  of  bismuth  (p.  596). 
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ACIDUM   TANNICUM.     Tannic  Acid. 

HCi.HgOg  =  319.66 

A  monobasic  organic  acid  [C13H9O7.COOH],  obtained  from  nutgall. 

A  light  yellowish,  amorphous  powder,  gradually  turning  darker  when  exposed 
to  air  and  light,  usually  cohering  in  the  form  of  glistening  scales  or  spongy  masses, 
odorless,  or  having  a  faint,  characteristic  odor,  and  a  strongly  astringent  taste. 

Soluble  in  about  0.34  part  of  water  and  in  about  0.23  part  of  alcohol  at  25°  C. 
(77°  F.);  very  soluble  in  boihng  water  and  in  boiling  alcohol;  also  in  about  1  part 
of  glycerin,  with  the  application  of  a  moderate  heat;  freely  soluble  in  diluted  alcohol, 
sparingly  in  absolute  alcohol;  almost  insoluble  in  absolute  ether,  chloroform,  benzene, 
or  petroleum  benzin. 

When  heated  on  platinum  foil,  the  Acid  is  gradually  consumed,  leaving  not  more 
than  0.2  per  cent,  of  ash. 

An  aqueous  solution  of  Tannic  Acid  reddens  blue  litmus-paper. 

The  addition  of  a  small  quantity  of  ferric  chloride  T.S.  to  an  aqueous  solution  of 
the  Acid  produces  a  bluish-black  color  or  precipitate. 

On  adding  to  an  aqueous  solution  (1  in  100)  of  Tannic  Acid  a  small  quantity 
of  calcium  hydroxide  T.S.,  a  pale  bluish-white  flocculent  precipitate  is  produced 
which  is  not  dissolved  on  shaking  (difference  from  gallic  acid),  and  which  becomes 
more  copious  and  of  a  deeper  blue  by  the  addition  of  a  moderate  excess  of  calcium 
hydroxide  T.S.,  while  a  large  excess  of  the  latter  imparts  a  pale  pinkish  tint  to  the 
solution. 

The  aqueous  solution  of  the  Acid  produces  precipitates  with  most  alkaloids  and 
glucosides,  and  with  test  solutions  of  gelatin,  albumin,  and  starch  (distinction  from 
gallic  acrid). 

If  2  Gm.  of  Tannic  Acid  be  dissolved  in  10  Cc.  of  boiling  water,  and  the  liquid 
allowed  to  cool,  no  turbidity  should  be  produced  on  diluting  5  Cc.  of  the  solution 
with  10  Cc.  of  alcohol  (absence  of  gum  or  dextrin)  or  with  10  Cc.  of  water  (absence  of 
resinous  substances). 

Tests  for  Identity. — ^Given  above. 

Impurities. — Gallic  acid,  gum,  dextrin,  resinous  substances. 
Details  above. 

Remarks. — The  graphic  formula  of  tannic  acid  (or  tannin,  as  it  is 
usually  called)  is — 

(0H)3 
C„H,COO 

(OH), 
„H,COOH. 


Cal 


In  other  words,  it  is  digallic  acid. 

Gallic  acid  is  C^HgOj;  two  molecules  of  this  equals ChHjjOiq 

Subtract  from  this  one  molecule  of  water Hj  O 

We  have  left  one  molecule  of  tannic  acid Ci^HjoO, 

As  will  be  seen  from  the  above,  tannic  acid  represents  gallic  acid 
deprived  of  a  molecule  of  water;  this  water  is  removed  by  treatment 
of  gallic  acid  with  concentrated  sulphuric  acid.  On  the  other  hand, 
tannic  acid  can  be  converted  into  gallic  acid  by  heating  with  diluted 
sulphuric  acid. 

The  tannic  acid  of  the  pharmacopoeia  is  but  one  of  the  very  interesting  series 
of  compounds  that  we  call  the  tannins  (or  tannoids) .  Most  of  these,  instead  of  being 
pure  digallic  acid,  are  glucosides  thereof.  A  very  large  number  of  plants  yield 
various  forms  of  tannins,  and  very  few  of  these  are  identical. 

Efforts  have  been  made  toward  the  classification  of  the  tannins,  and  the  first 
groups  into  which  they  are  divided  are  according  as  to  whether  they  form  with  iron 
salts  a  green  black  precipitate  or  a  blue-black  precipitate.  The  most  modern  classi- 
fication of  the  tannins  is  that  of  Kunz  Krause. 
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NoN-GLUCOSiDAL  Tannoids:  Such  as  gallic  acid;  protocatechuic  acid,  digallic 
acid,  etc. 

Glucosidal  Tannoids: 

(a)  Glycotannoids. 

Protocatechuic  acid  derivatives,  such  as  cinchotannic  acid,  caffetannic  acid,  etc. 

Gallic  acid  derivatives,  such  as  pomegranate  root  tannin. 

(6)  Pfdoroglucin  tannoids. 

Protocatechuic  acid  derivatives,  such  as  quebracho  tannic  acid,  catechutannic 
acid,  kolatannin,  etc. 

Gallic  acid  derivatives,  none  yet  known. 

The  protocatechuic  acid  derivatives  mentioned  above  include  those  tannoids 
turning  green  black  with  ferric  chloride;  while  the  "gallic  acid  derivatives"  turn  blue 
black  with  ferric  chloride. 

It  will  be  noticed  in  the  pharmacopoeial  description  that  tannin 
is  precipitated  by  gelatin  (as  discussed  under  Clarification,  see  p.  136) 
as  a  leathery  substance,  leather  representing  this  very  substance. 
Fresh  animal  hide  consists  of  gelatin  combined  with  a  mass  of  animal 
fibers,  and  when  this  is  macerated  in  a  solution  of  tannin  (generally 
from  oak  bark),  it  is  converted  into  leather  or  the  tannate  of  gelatin. 
The  deep  blue-black  precipitate  produced  by  the  treatment  of  tannin 
with  ferric  chloride  solution  is  the  basis  of  most  of  our  writing  ink, 
which  is  made  by  treating  nutgall  infusion  with  iron  salts  and  adding 
some  gummy  substance  which  will  hold  the  precipitate  in  suspension. 

Tannin  is  obtained  by  exposing  powdered  nutgalls  to  a  damp 
atmosphere  for  several  days,  and  then  macerating  with  a  small 
quantity  of  ether,  and  expressing  the  liquid,  repeating  the  maceration 
and  expression  with  ether  containing  one-sixteenth  its  bulk  of  water. 
The  reason  of  this  process  of  extraction  is  puzzling,  since  the  tannin 
so  obtained  is  practically  insoluble  in  strong  ether.  Tannin  can  also 
be  extracted  from  nutgall  with  a  mixture  of  alcohol  and  ether,  and  in 
a  patented  process  acetic  ether  is  the  solvent  employed. 

Tannic  acid  can  also  be  made  as  above  mentioned  by  treatment  of 
gallic  acid  with  diluted  sulphuric  acid. 

Tannic  acid  is  one  of  the  most  valuable  astringents,  and  is  used 
both  internally  and  externally.  When  used  internally,  it  is  given 
for  diarrhea.  For  this  purpose,  however,  it  is  usually  advisable  to 
administer  a  tannin-bearing  drug,  such  as  catechu  or  krameria. 

Externally,  it  is  used  to  staunch  the  flow  of  blood,  and  for  gargles 
in  sore  throat  and  as  an  application  for  piles. 

Dose. — 500  milligrammes  (7^  grains). 

The  official  preparations  of  tannin  are  glycerite  of  tannic  acid, 
troches  of  tannic  acid,  and  ointment  of  tannic  acid. 

DRUGS  CONTAINING  ASTRINGENT  PRINCIPLES 
KRAMERIA.     Krameria.     Rhatany. 

The  dried  root  of  Krameria  trianda  Ruiz  and  Pavon  (Peruvian  Krameria), 
Krameria  Ixina  Linn6  (Sa vanilla  Krameria),  or  of  Krameria  argentea  Martins  (Para 
or  Brazilian  Krameria)  (Fam.  Krameriaceoe). 

Constituents. — Kramerotannic  acid,  which  consists  of  pure  tannin, 
phlobaphene,  and  extract;  krameric  acid;  an  alkaloid  having  formula 
C10H13NO3;  red  coloring-matter,  starch,  etc. 
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Medical  Properties. — Astringent,  used  in  diarrhea  as  fluidextract 
(p.  247),  tincture  (p.  229),  and  syrup  (p.  196).  Also  used  for  the 
throat  in  the  form  of  the  official  lozenges  (p.  332). 

Dose. — 1  Gm.  (15  grains). 

GERANIUM.     Geranium.     Cranesbill. 

The  dried  rhizome  of  Geranium  macvlatum  Linne  (Fam.  Geraniacece). 

Constituents. — Tannin,  gallic  acid,  mucilage,  resin,  etc. 
Medical    Properties. — Astringent.     The    fluidextract    (p.  248)     is 
official. 

Dose. — 1  Gm.  (15  grains). 

RUBUS.     Rubus.     Blackberry  Root. 

The  dried  bark  of  the  rhizome  of  Rubus  villosus  Aiton,  Rvbu^  nigrohaccus  Bailey, 
or  of  Rubu^  cuneifolius  Pursh  (Fam.  Rosacea;). 

Constituents. — Tannin,  villosin  (bitter  glucoside),  etc. 
Medical  Properties. — Astringent.     Used  in  diarrhea  as  the  official 
fluidextract  (p.  247)  or  syrup  (p.  199). 
Dose. — 1  Gm.  (15  grains). 

H.ffiMATOXYLON.     Hematoxylon.     Logwood. 

The  heart-wood  of  Hoematoxylon  campechianum  Linne  (Fam.  Leguminosce). 

Constituents. — Tannin,  hematoxylin,  a  neutral  principle  having 
the  formula  CieHj^Oe,  and  giving  the  wood  its  color. 

Remarks. — The  "heart  wood"  means  the  heavier  older  wood 
found  in  the  interior  of  a  trunk.  Its  technical  name  is  the  ''duramen," 
while  the  lighter,  younger,  outer  wood  is  called  the  "alburnum." 
The  hematoxylin  mentioned  above  has  chemical  value  as  an  indicator 
in  volumetric  analysis  (p.  988). 

Chief  use  of  logwood  is  in  dyeing,  a  decoction  of  the  wood  mixed 
with  copperas  coloring  fabrics  a  deep  black.  For  dyeing  purposes, 
however,  the  wood  is  generally  submitted  to  a  fermentation  process, 
when  it  assumes  a  green,  metallic  lustre.  Such  wood  should  not  be 
used  in  medicine. 

Medical  Properties. — Astringent,  when  used  medicinally,  and 
then  administered  as  the  official  extract  (p.  284). 

HAMAMELIDIS   CORTEX.     Hamamelis  Bark.     Witch  Hazel  Bark. 

The  bark  and  twigs  of  Hamamelis  virginiana  Linn6  (Fam.  Hamamelidaceoe) . 

Constituents. — Tannin,  bitter  principle,  chlorophyll,  trace  of 
volatile  oil. 

Remarks. — This  new  official  has  been  introduced  because  used  in 
making  distilled  extract  of  witch  hazel.  (See  Aqua  Hamamelidis, 
U.  S.  P.,  p.  174.) 

Medical  Properties. — Astringent  of  little  value. 

Dose. — 2  Gm.  (30  grains). 
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QUERCUS.     White  Oak. 

[QuERCus  Alba,  Pharm.  1890] 

The  dried  bark  of  Quercus  alba  Linn6  (Fam.  Cupidiferce),  collected  from  trunks 
or  branches  ten  to  twenty-five  years  of  age,  and  deprived  of  the  periderm. 

Constituents. — Tannin  (quercitannic  acid),  which  is  not  a  glucoside; 
oak  red,  pectin,  etc. 

Remarks. — The  word  "periderm,"  in  the  official  definition,  means 
the  outer  corky  layer  of  the  bark. 

Medical  Properties. — Astringent.  Used  largely  in  the  tanning 
of  leather. 

Dose. — 1  Gm.  (15  grains). 

HAMAMELIDIS  FOLIA.     Hamamelis  Leaves. 

[Hamamelis,  Pharm.  1890] 

The  dried  leaves  of  Hamamelis  virginiana  Linne  (Fam.  Hamamdidacece),  col- 
lected in  autumn. 

Constituents. — Tannin,  trace  of  volatile  oil. 

Medical  Properties. — Astringent.     Of   even   less   value   than   the 
bark.     The  fluidextract  is  official   (p.  248). 
Dose. — 2  Gm.  (30  grains). 

ROSA   GALLICA.     Red  Rose. 

The  dried  petals  of  Rosa  gallica  Linne  (Fam.  Rosacece),  collected  before  expand- 
ing. 

Constituents. — Tannin,  gallic  acid,  trace  of  volatile  oil,  quercetin, 
color,  etc. 

Medical  Properties. — Astringent  tonic.  Rose  Honey,  U.  S.  P. 
(p.  203).  Formerly  highly  esteemed  as  a  wash  for  sore  mouth.  Syrup 
of  Rose,  U.  S.  P.  (p.  199),  used  as  a  flavor  and  as  a  mild  astringent. 
Both  of  these  are  miade  from  the  official  fluidextract  (p.  248). 

Pale  rose,  a  former  official  drug,  was  dropped  in  the  last  revision.  It  contains 
only  a  trace  of  tannin,  and  was  used  chiefly  as  a  flavor.  Bear  in  mind  that  while 
the  official  stronger  rose  water  (p.  175)  is  made  from  these  two  roses,  the  official 
oil  of  rose  comes  from  a  different  species  of  rose.     (See  p.  820.) 

GALLA.     NutgaU. 

An  excrescence  on  Quercus  infectoria  Olivier  (Fam.  Cupuliferoe),  caused  by  the 
punctures  and  deposited  ova  of  Cynips  tinctoria  Olivier. 

Constituents. — Tannin,  50  per  cent,  (a  glucosidal  form  that  hydro- 
lyzes  to  glucose  and  digallic  acid);  gallic  acid,  3  per  cent.;  pectose; 
a  ferment   (pectase),   etc. 

Remarks. — The  above  official  definition  ("an  excrescence  on  Quer- 
cus infectoria")  should  be  analyzed  if  it  is  to  be  clearly  understood. 
Excrescence  means,  literally,  "an  outward  growth."  In  medicine, 
a  boil,  a  mole,  and  a  wart  are,  alike,  excrescences,  likewise,  to  a  certain 
extent,  the  swellings  caused  by  insect-bites,  all  such  "outward 
growths"  being  the  result  of  abnormal  development  of  tissue  caused 
by  some  irritation.     So,  in  plainer  English,  we  may  say  that  nutgall 
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is  a  swelling  on  Quercus  infectoria,  a  swelling  "caused  by  punctures 
and  deposited  ova  of  Cynips  tinctoria."  To  explain  that  part  of  the 
definition  just  quoted  is  easy.  It  has  just  been  said  that  when  an 
insect  bites  us,  an  "excrescence"  is  formed  on  the  injured  part. 
Likewise,  official  nutgall,  the  excrescence  on  a  special  variety  of  oak, 
is  caused  by  the  bite  (puncture)  of  a  special  insect — Cynips  tinctoria. 
This  insect  not  only  stings  the  oak,  but  also  deposits  in  the  puncture 
its  eggs  {ova,  plural  for  ovum,  an  egg),  and  these  are  the  foreign 
bodies  that  increase  the  irritation. 

To  make  a  r6sum§,  the  insect,  Cynips  tinctoria,  with  that  unerring 
instinct  given  by  Providence,  chooses  the  tissue  of  an  oak  tree  as  the 
best  place  in  which  its  young  may  be  hatched,  and,  accordingly, 
pierces  the  younger  branches  and  deposits  its  eggs  in  the  hole. 

The  stung  branch  swells  just  as  does  a  stung  arm,  and  still  more 
so,  by  reason  of  the  irritating  particles  (the  eggs)  contained  in  the 
wound.  So  the  swelling  continues,  until  a  round  knob,  about  the 
size  of  a  cherry,  is  formed — a  morbid  growth  not  unlike  a  wen  or  a 
tumor  on  human  beings.  While  the  excrescence,  the  nutgall,  is 
growing,  the  insect  eggs  are  undergoing  that  process  of  development 
called  hatching,  and  when  the  nutgall  assumes  its  full  size,  the  eggs 
will  have  hatched  and  the  young  and  hungry  grubs  enter  into  their 
curious  world.  All  insects  have  two  stages  of  existence,  as  seen,  for 
instance,  in  the  caterpillar,  the  larval  stage,  and  the  butterfly,  the 
most  highly  developed  stage  of  the  same  animal.  In  their  larval 
state  insects  are  destitute  of  wings,  and  in  just  such  condition  is 
Cynips  tinctoria  as  it  emerges  from  its  egg  within  the  nutgall.  To 
its  voracious  appetite  the  soft  tissue  of  the  nutgall  is  exactly  suited, 
and  within  this  dark  home  it  lives  its  larval  life,  and  only  after  it  has 
undergone  the  second  transformation  and  becomes  an  insect  does  it 
desire  to  see  the  outer  world.  Then  it  bores  its  way  through  the  walls 
of  its  prison  cell,  entering  the  living  world  about  six  months  after  the 
egg  was  laid. 

As  a  matter  of  fact,  nutgall  should  be  collected  before  the  insect 
has  escaped,  hence  the  gall  should  not  be  punctured,  and  on  slicing 
should  show  a  cavity  containing  remnants  of  the  insect. 

As  already  mentioned  (p.  789),  nutgall  is  the  source  of  both 
official  tannin  and  of  gallic  acid. 

Medical  Properties. — Valuable  astringent.  The  official  tincture 
(p.  227)  is  used  in  diarrhea  mixtures,  while  the  official  ointment  (p.  346) 
is  largely  used  for  hemorrhoids. 

Dose. — 500  milligrammes  (7^  grains). 

GAMBIR.     Gambir. 

[To  REPLACE  Catechu,  Pharm.  1890] 

An  extract  prepared  from  the  leaves  and  twigs  of  Ourouparia  Gambir  (Hunter) 
Baillon  (Fam.  Rubiaceoe). 

Constituents. — Catechu-tannic  acid;  catechin,  etc. 

Remarks. — This  new  official  replaces  the  formerly  official  catechu. 
It  occurs  in  pale  brownish-gray  or  light  brown  cubes,  quite  different 
in  appearance  from  the  dark  brown  catechu.  It  is  used  extensively 
as  a  dye-stuff,  coloring  black  when  combined  with  iron  salts. 
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Medical  Properties. — Astringent.  Administered  in  diarrhea  mix- 
tures as  the  compound  tincture  (p.  227),  and  for  throat  troubles  as 
the  official  lozenges  (p.  332). 

Dose. — 1  Gm.  (15  grains). 

Catechu,  the  extract  of  the  wood  of  Acacia  catechu,  was  ofl&cial  until  the  last 
revision,  when  it  was  replaced  by  gambir,  with  which  it  is  identical  as  far  as  con- 
stituents and  medical  properties  are  concerned. 

KINO.     Kino. 

The  inspissated  juice  of  Pterocarpus  Marswpium  Roxburgh  (Fam.  Leguminosce). 

Constituents. — Kinotannic  acid;  kinoic  acid;  kinoin,  Ci^HjjOg; 
kino  red,  CjgHjaOn,  etc. 

Remarks. — The  only  point  worth  noting  regarding  kino  is  the 
fact,  already  mentioned  (p.  229),  that  kino  contains  an  enzyme 
which  causes  the  tincture  to  gelatinize,  unless  the  recipe  of  U.  S.  P. 
VIII.  is  strictly  followed. 

Medical  Properties. — Astringent.  Administered  in  diarrhea  mix- 
tures as  tincture  (p.  229). 

Dose. — 500  milligrammes  (7^  grains). 


CHAPTER   XLVI 


AROMATIC  HYDROCARBONS  CONTAINING  EIGHT,  NINE, 
AND  TEN  CARBON  ATOMS 

TERPENES  AND  THEIR  DERIVATIVES 

The  hydrocarbons  of  the  series  CaHgn-e,  containing  eight  carbon 
atoms,  have  the  empiric  formula, 
CgHio 

Han-,  =  Hjxg   =   16.     16  —  6  =   10.     Hence  H,o. 

This  formula  includes  the  three  forms  of  dimethyl-benzene,  CgH^- 
(0113)2,  that  is,  ortho-,  meta-,  and  para-xylenes,  and  also  ethyl  benzene, 
CJlJ^2^y  From  the  three  xylenes  are  derived  the  three  forms  of 
phthalic  acid,  C8H4(COOH)2,  which  are  mentioned  in  passing  because 
the  anhydride  of  the  ortho  acid  in  condensation  with  phenol  yields 
phenolphthalein — so  largely  used  as  an  indicator  in  volumetric  analysis. 

Phenolphthalein  is  now  enjoying  considerable  vogue  as  a  purgative,  being  the 
main  constituent  of  such  proprietaries  as  probilin,  phenolax,  etc. 

As  a  derivative  of  ethyl  benzene  might  be  cited  epinephrin,  C,H3(OH)3CHOH- 
CH.NHCH3,  obtained  from  the  suprarenal  glands  (p.  940),  and  frequently  prescribed 
under  the  trade  names,  adrenalin,  adrin,  adnephrin,  etc. 

Among  the  hydrocarbons  of  this  series  containing  nine  carbon 
atoms  are  the  three  trimethyl  benzenes,  CeHg  (0113)3,  of  which  the 
most  important  is  the  symmetric  form,  mesitylene;  the  three  methyl- 
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ethyl  benzenes,  C8H4<p  t?  ;  and  the  two  propyl  benzenes,  CgHgCaHy, 
of  which  the  most  important  is  the  isopropyl  form,  cumene, 
CeH,-CH<C|. 

Of  far  greater  importance  in  pharmacy  are  the  unsaturated 
hydrocarbons  of  this  series,  allyl  benzene,  C8H5CH  =  CH  — CH3,  and 
iso-allyl-benzene,  CgHjCHjCH  =  CHj.  Neither  of  these  bodies  in 
themselves  are  of  pharmaceutic  interest,  but  each  furnishes  a  long 
line  of  derivatives,  many  of  which  are  constituents  of  volatile  oils. 
Thus  the  alcohol  of  allyl-benzene  is  cinnamic  alcohol,  CgH^CH  =  CHCH2- 
OH,  and  this  on  oxidation  yields  cinnamic  aldehyde,  CeH^CH  =  CHCHO, 
and  cinnamic  acid,  CgHgCH  =  CHCOOH. 

The  following  derivatives  of  allyl  benzene  and  iso-allyl-benzene 
are  of  pharmaceutic  importance: 

Cinnamic  alcohol. 

Cinnamic  aldehyde,  U.  S.  P. 

Cinnamic  acid. 

Coumaric  acid. 

Coumarin. 

Anethol. 

Eugenol,  U.  S.  P. 

Safrol,  U.  S.  P. 

Apiol. 

CINNALDEHYDUM.     Cinnamic  Aldehyde. 

CgHgO  =  131.07 

An  aldehyde  obtained  from  Oil  of  Cinnamon  or  prepared  synthetically,  contain- 
ing not  less  than  95  per  cent,  of  pure  Cinnamic  Aldehyde  [CgHs.CH:  CH.COH]. 
It  is  nearly  identical  with  the  oil  distilled  from  Cassia  Cinnamon,  and  should  be  kept 
in  small,  amber-colored,  well-stoppered  bottles. 

A  colorless  liquid,  having  a  cinnamon-like  odor  and  a  burning,  aromatic  taste. 

Specific  gravity:  about  1.047  at  25°  C.  (77°  F.).     Optically  inactive. 

It  boils  at  about  250°  C.  (482°  F.),  with  partial  decomposition. 

Cinnamic  Aldehyde  should  solidify  when  the  temperature  is  reduced  by  a  freezing 
mixture  of  ice  and  salt,  and  should  melt  again  at  — 7.5°  C.  (18.5°  F.). 

It  is  sparingly  soluble  in  water,  soluble  in  all  proportions  in  alcohol,  ether,  and 
fixed  and  volatile  oils. 

Tests  for  Identity. — Given  above. 

Impurities. — Chlorinated  products.  Test,  the  copper  wire  method 
given  under  Benzaldehyde  (p.  776). 

Assay. — Details  in  Part  V. 

Remarks. — This  synthetic  volatile  oil  is  practically  identical  with 
oil  of  cinnamon,  which  will  be  discussed  in  the  next  chapter.  When 
used  medicinally,  it  is  employed  as  a  carminative. 

Dose. — 0.05  Cc.  (1  minim). 

Both  cinnamic  aldehyde  and  cinnamic  acid  are  found  in  nature 
elsewhere  than  in  oil  of  cinnamon;  that  class  of  drugs  called  balsams 
being  oleoresins  containing  benzoic  and  cinnamic  acids,  and  usually 
some  traces  of  the  corresponding  aldehydes. 

Cinnamic   acid  is  a  crystalline  solid  of  agreeable  aromatic  odor,  and  can  be 

OH 
converted  into  oxycinnamic  acid   {coumaric  add),  CgH^<Cpu  _  pxipooH      When 
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coumaric  acid  is  treated  with  acetic  acid  anhydride  a  molecule  of  water  separates, 
with  the  formation  of  coumarin,  the  formula  of  which  is — 

O  — CO 

c.h/        I 

\CH=CH. 

Coumarin  was  so  named  because  first  obtained  from  the  Tonka  bean,  the  fruit  of 
Dipteryx  odorata  (formerly  called  Coumarouna  odoratd). 

The  synthesis  of  coumarin  from  coumaric  acid  was  accomplished  by  Tiemann 
in  1877,  and  at  present  almost  all  the  coumarin  in  commerce  is  made  artificially. 

Coumarin  is  also  found  in  the  aromatic  herbs,  such  as  deer's  tongue  {Liatris 
odorissima)  and  mellilot  {Mellilotus  alba).  There  are  also  traces  in  the  ordinary 
grasses,  in  which  it  becomes  prominent  on  drying;  producing  the  odor  of  new-mown 
hay. 

Coumarin  occurs  in  white  crystals,  melting  at  67°  C.  (152.3°  F.),  soluble  in  14  parts 
of  alcohol,  and  sparingly  soluble  in  water.  It  is  used  for  flavoring  the  cheaper  grade 
of  vanilla  extracts  (see  Compound  Tincture  of  Vanillin  of  the  National  Formulary). 

Among  other  derivatives  of  allyl-benzene  we  find:  Fervlaic  acid  (methyl-oxy- 
/OB. 
cinnamic  acid),  CgHj— -OCH3  the  chief  constituent  of   the  resin  of  asa- 

fetida  (p.  856).  \CH  =  CHCOOH, 

OTT 

Anethol  (para-propenyl-anisol),  formula,  ^'e^^^Qn^njiQii 

OTT 

This  body  is  the  methyl  ether  of  the  phenol  of  allyl-benzene,  CaH4<Qjj_.Qjj q-^ 

and  is  the  chief  constituent  of  the  oils  of  anise,  star  anise,  and  fennel.     It  is  a  crystal- 
hne  sohd,  melting  at  21°  C.  (69.4°  F.). 

Two  derivatives  of  iso-allyl-benzene  (CaH5CH2CH=CH2)  are  worthy  of  notice. 

EUGENOL.     Eugenol. 

CioH,202  =  162.86 

An  unsaturated,  aromatic  phenol  [C8H3(OH)(OCH3).C3H5  4:3: 1],  obtained  from 
Oil  of  Cloves  and  other  sources.  It  should  be  kept  in  well-stoppered,  amber-colored 
bottles,  in  a  cool  place,  protected  from  light. 

A  colorless  or  pale  yellow,  thin  liquid,  having  a  strongly  aromatic  odor  of  cloves, 
and  a  pungent  and  spicy  taste.  Exposure  to  air  causes  it  to  become  darker  and 
"fcliiclcGr 

Specific  gravity:  1.072  to  1.074  at  25°  C.  (77°  F.). 

Eugenol  is  miscible  with  alcohol  in  all  proportions,  and  should  be  soluble  in  2 
parts  of  70  per  cent,  alcohol. 

Boiling-point:  251°  to  253°  C.  (483.8°  to  487.4°  F.). 

It  is  optically  inactive. 

When  1  part  of  Eugenol  is  dissolved  in  12  parts  of  sodium  hydroxide  T.S.  and 
18  parts  of  water  are  added,  a  clear  solution  should  result,  which  becomes  turbid 
when  exposed  to  the  air. 

A  mixture  of  1  part  of  Eugenol  and  20  parts  of  hot  water  should  redden  litmus- 
paper  very  slightly.  Five  Cc.  of  the  cold,  clear  filtrate  from  this  mixture,  upon  the 
addition  of  1  drop  of  ferric  chloride  T.S.,  should  show  a  transient  grayish-green  color, 
but  not  a  blue  or  violet  color  (absence  of  phenol). 

Tests  for  Identity. — Given  above. 

Impurity. — Phenol.     Details  above.  ^0112011  =  0112(1) 

Remarks. — Eugenol  is  allyl  guaiacol,   OoHg^-OOHa  (3),    or 

^OH  (4) 

the    methyl   ether  of    the   divalent    phenol   from    iso-allyl-benzene, 

yOHjOH =0H2 
OgHa^OH  ,  and  is  the  chief  constituent  of  the  oil  of  cloves. 

It  is  an  aromatic  oily  liquid,  boiling  at  247°  0.  (476.3  F.). 
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Its  conversion  into  vanillin  has  been  already  described  (p.  787). 
Its  medical  properties  are  similar  to  oil  of  cloves,  from  which  it  is 
derived. 

Dose. — 0.2  Co.  (3  minims). 

SAFROLUM.     Safrol. 

C10H10O3  =  160.86 

The  methylene  ether  of  allyl  pyrocatechol  [CgHj.CjHs.COOCHj)  1:3:4]  found  in 
oil  of  sassafras,  camphor  oil,  and  other  volatile  oils,  purified,  if  necessary,  by  repeated 
chilling  and  crystallization. 

A  colorless  or  faintly  yellow  liquid  with  a  sassafras-like  odor. 

Specific  gravity:  1.105  to  1.106  at  25°  C.  (77°  F.). 

Boiling-point:  about  233°  C.  (451.4°  F.). 

It  is  optically  inactive.  On  cooling  to  — 20°  C.  ( — 4°  F.)  or  below,  it  solidifies 
to  a  mass  of  crystals,  which  do  not  melt  below  11°  C.  (51.8°  F.). 

Soluble  in  about  an  equal  volume  of  strong  alcohol  and  in  about  30  parts  of 
70  per  cent,  alcohol.     Miscible  in  all  proportions  with  ether  and  chloroform. 

Tests  for  Identity. — Given  above. 

CH^-CH^CH^CD 
Safrol  is  allyl  pyrocatechin-methylen-ether,  CgHgO.  prr  (3) 

and  represents  eugenol,  with  its  methyl  group  replaced  by  the  methy- 
lene group   ( Q>CH2)       Safrol  is  the  chief  constituent  of  oil  of 

sassafras,  and  is  a  crystalline  solid,  melting  at  8.5°  C.  and  boiling  at 
233°  C.  Its  medical  properties  are  similar  to  oil  of  sassafras,  after 
which  it  is  named. 

Dose. — 0.3  Cc.  (5  minims). 

CHjCH  =  CH2 
Apiol,  C9HOCH3  is  safrol,  with  two  hydrogen  atoms  of  its  benzene 

OCH3 

Q>CH2, 

nucleus  replaced  by  (OCH3)  groups.  It  is  a  constituent  of  parsley  fruit,  and  is  a 
crystalline  solid,  melting  at  30°  C.  Commercial  apiol,  highly  esteemed  by  French 
physicians  as  an  emmenagogue,  is  said  to  be  the  oleoresin  of  parsley  fruit. 

Several  hydrocarbons  having  the  formula  CiqHi^  are  known.     The 

simplest  of  these  are  the  methyl-propyl-benzenes,  CgH^ — C3H7.  As 
all  bi-derivatives  of  benzene  are  known  in  three  modifications,  ortho-, 
meta-,  and  para-  (see  p.  763),  so  we  have  ortho-,  meta-,  and  para- 
methyl-propyl  benzene,  in  which  the  propyl  group  is  normal,  viz.: 

Ortho-  Meta-  Para- 

CH,  CH3  CH3 

(!  i  c 

HC^   ^C— CH2CH2CH3  HC^  V^H  HC^   ~^CH 

HC.       .CH  HC.      ^C— CH^CHjCH,  HC.      ^CH 

\C^  \q^  \q^ 

N  H  '  I 

CHoCHoCH, 
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More  important  than  these,  however,  is  the  para-methyl-isopropyl- 
benzene,  or  cymene: 

CH, 

A 

HC.      /€H 


This  hydrocarbon,  thus  named  because  first  found  in  oil  of  cumin  {Cuminum 
cyminum),  is  made  synthetically  by  treating  para-brom-isopropyl-benzene  with 
methyl  iodide  in  the  presence  of  metallic  sodium. 

The  graphic  formula  of  cymene,  given  above,  is  proved  correct  by  the  synthesis 
just  mentioned,  and  also  by  its  behavior  under  various  oxidizing  agents. 

Under    certain    conditions    of    oxidation    it    can    be    changed   to   para-toluic 
/CH3 
acid,    CgH^ — COOH;    to    terephthaUc    acid,    CgH^(C00H)2,    or   to    cuminic    acid, 

/COOH       (1) 
C,ll/^RiCR,\  (4). 

It  will  be  noted  that  in  the  first-named  acid  the  propyl  group  is  oxidized  to  the 
carboxyl  group;  in  the  third-named  acid  it  is  the  methyl  group  that  is  converted  into 
the  carboxyl,  the  isopropyl  group  remaining;  while  in  the  second  acid  both  methyl 
and  propyl  groups  are  changed  to  carboxyl  groups.  Since  all  three  acids  have  the 
groups  attached  to  the  benzene  nucleus  in  the  para-  position,  that  must  be  the  position 
of  the  methyl  and  propyl  groups  in  the  cymene. 

Cymene  is  of  little  practical  importance  in  pharmacy,  but  it  is  of 
interest  as  a  constituent  of  several  volatile  oils,  notably,  the  oils  from 
the  various  species  of  thyme. 

The  following  cymene  derivatives  or  analogues  are  of  pharma- 
ceutic importance: 

Thymol,  U.  S.  P. 

Thymol  iodide,  U.  S.  P. 

Carvacrol. 

Carvone. 

Thymol  (iso-propyl-metacresol), 

/(OH)  (1) 

C„H3f(CH3)  (3) 

\CH(CH3),     (6), 

is  an  alcohol  closely  allied  to  cymene  (compare  formula),  though  the 
only  proof  of  relationship  is  the  conversion  of  thymol  into  cymene 
by  treatment  with  phosphorous  pentasulphide. 

THYMOL.     Thymol. 

CioHi^O  =  148.98 

A  phenol  [C,Hj(CH3)(OH)(C3H7)  1:3:  4],  occurring  in  the  volatile  oil  of  Thyrmis 
vulgaris  Linn6,  and  in  some  other  volatile  oils.  It  should  be  kept  in  well-stoppered 
bottles. 

Large,  colorless,  translucent  rhombic  prisms,  having  an  aromatic,  thyme-like 
odor,  and  a  pungent,  aromatic  taste,  with  a  very  slight  caustic  effect  upon  trie  lips. 
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Its  specific  gravity  as  a  solid  is  1.030  at  25°  C.  (77°  F.),  but  when  liquefied  by 
fusion  it  is  lighter  than  water.  It  melts  at  50°  to  51  °  C.  (122°  to  123.8°  F.),  remain- 
ing liquid  at  considerably  lower  temperatures.  When  triturated  with  about  equal 
quantities  of  camphor,  menthol,  or  hydrated  chloral,  it  liquefies. 

Soluble  in  about  1100  parts  of  water  at  25°  C.  (77°  F.),  and  in  less  than  its  own 
weight  of  alcohol,  ether,  or  chloroform,  soluble  in  glacial  acetic  acid  and  fixed  and 
volatile  oils. 

Its  alcoholic  solution  is  optically  inactive. 

If  a  very  small  crystal  of  Thymol  be  dissolved  in  1  Cc.  of  glacial  acetic  acid,  and 
then  6  drops  of  sulphuric  acid  and  1  drop  of  nitric  acid  be  added,  the  liquid  will 
assume  by  reflected  light  a  deep  bluish-green  color. 

If  1  Gm.  of  Thymol  be  heated  in  a  test-tube,  in  a  water-bath,  with  5  Cc.  of  a  10 
per  cent,  solution  of  sodium  hydroxide,  a  clear,  colorless,  or  very  slightly  reddish 
solution  should  be  formed,  which  becomes  darker  on  standing,  but  without  the  separa- 
tion of  oily  drops.  If  to  this  solution  a  few  drops  of  chloroform  be  added  and  the 
mixture  agitated,  a  violet  color  will  be  produced. 

An  alcoholic  solution  of  Thymol  should  not  be  colored  by  ferric  chloride  T.S. 

When  a  crystal  of  Thymol  is  heated  in  an  open  dish  or  in  a  watch-glass,  on  a 
water-bath,  it  should  gradually  volatilize,  leaving  no  residue  (absence  of  inorganic 
impurities). 

Tests  for  Identity. — Given  above. 

Impurities. — Inorganic  impurities.     Details  above. 

Remarks. — Thymol  occurs  in  several  volatile  oils,  one  of  the  most 
abundant  sources  being  oil  of  horsemint.  Thymol  is  obtained  by 
saponifying  oil  of  horsemint  or  oil  of  thyme,  or  a  specific  fraction  of 
the  same,  with  sodium  hydroxide.  The  thymol  sodium  compound 
dissolves  in  the  aqueous  layer,  which  is  separated  from  the  oily 
portion,  and  the  thymol  set  free  by  treating  with  hydrochloric  acid. 

It  is  also  made  in  the  manner  similar  to  the  manufacture  of  men- 
thol, that  is,  by  submitting  the  oil  to  a  freezing  mixture  and  separating 
the  stearopten  (thymol)  from  the  eleopten  (p.  806)  by  means  of  a 
centrifugal  apparatus.  Another  method  of  obtaining  thymol  is  by 
the  fractional  distillation  of  the  oils  mentioned  above.  Of  these 
three  processes,  the  chemical  treatment  with  sodium  hydroxide  is 
the  one  generally  employed.  Thymol  has  also  been  made  synthetic- 
ally from  cumin  aldehyde. 

Thymol  affords  an  interesting  illustration  of  crystallization  by 
means  of  a  nucleus.  When  obtained  by  the  several  methods  just 
mentioned  it  is  in  the  form  of  the  thick  liquid,  and  it  is  only  when  a 
crystal  of  thymol  is  introduced  that  the  mass  crystallizes.  Thymol, 
when  rubbed  with  some  solid  substance,  such  as  chloral  hydrate, 
menthol,  and  camphor,  forms  a  thick  liquid.  A  characteristic  test 
for  thymol  is  the  blue-green  color  produced  when  a  crystal  of  it  is 
dissolved  in  glacial  acetic  acid  and  treated  first  with  sulphuric  acid, 
then  with  nitric  acid. 

Thymol  is  used  as  a  valuable  addition  to  antiseptic  solutions, 
not  only  on  account  of  its  agreeable  odor,  but  because  it  possesses 
marked  antiseptic  properties. 

Dose. — 125  milligrammes  (2  grains). 

Liquor  antisepticus,  which  has  already  been  described  on  p.  184, 
owes  much  of  its  value  to  the  thymol  it  contains. 

Annidalin  was  the  name  originally  applied  to  aristol.  Later, 
however,  there  was  introduced  an  annidalin  differing  from  aristol  in 
being  dithymol  tri-iodide. 
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THYMOLIS   lODIDUM.     Thymol  Iodide. 

C,,H,,0,l^  =  545.76 

Dithymol-diiodide  [(C8H2.CH3.C3H7.0I)2],  obtained  by  the  condensation  of  two 
molecules  of  thymol  and  the  introduction  of  two  atoms  of  iodine  into  the  phenolic 
groups  of  the  thymol;  it  contains  45  per  cent,  of  iodine.  Thymol  Iodide  should  be 
kept  in  amber-colored  vials,  protected  from  the  light. 

A  bright,  chocolate-colored,  or  reddish-yellow,  bulky  powder,  with  a  very  slight 
aromatic  odor. 

Insoluble  in  water  and  glycerin;  slightly  soluble  in  alcohol  at  25°  C.  (77°  F.); 
readily  soluble  in  ether,  cliloroform,  collodion,  and  in  fixed  and  volatile  oils,  leaving 
a  slight  residue. 

It  is  decomposed  when  heated  to  the  melting-point. 

It  is  not  soluble  in  solution  of  sodium  hydroxide,  either  cold  or  warm.  When 
heated  with  concentrated  sulphuric  acid,  it  is  decomposed  with  the  separation  of 
iodine. 

If  0.1  Gm.  of  Thymol  Iodide  be  thoroughly  ignited  in  a  porcelain  crucible,  it 
should  leave  not  more  than  0.003  Gm.  of  residue  (limit  of  ash). 

Tests  for  Identity. — Given  above. 

Impurities. — Iodides,  alkalis,  free  iodine.  Details  in  Part  V. 
Excess  of  ash.     Details  above. 

Remarks. — This  is  the  popular  aristol,  or  dithymol  di-iodide: 

^01 
CnHj^CH, 

^C3rf, 

It  is  made  by  adding  solution  of  6  grammes  of  iodine,  9  grammes 
of  potassium  iodide,  in  10  grammes  of  water,  to  a  solution  consisting 
of  5  grammes  of  thymol  in  10  grammes  of  13  per  cent,  sodium  hydrox- 
ide solution.  On  mixing,  aristol  separates  out  in  the  form  of  a  brown 
powder. 

Aristol  is  a  valuable  iodoform  substitute,  containing  the  iodine 
in  an  easily  assimilable  form.  From  the  standpoint  of  the  iodine 
strength,  however,  it  is  inferior  to  both  iodoform  and  iodol,  for,  as 
indicated  by  the  formula,  CjoHj^OjIz,  it  contains  46  per  cent,  of  iodine 
(being  ff^  iodine).  The  pharmacopceial  requirement  is  that  it  should 
contain  45  per  cent,  of  iodine  and  should  yield  not  more  than  3  per 
cent,  of  ash. 

While  the  popularity  of  aristol  is  largely  due  to  the  persistent 
advertising  of  the  firm  who  hold  the  monopoly  of  manufacture,  it  is 
a  very  valuable  antiseptic,  possessing  over  the  iodoform  the  great 
advantage  of  having  an  agreeable  odor.  Some  care  should  be  bestowed 
on  the  keeping  of  aristol,  as  it  is  found  that  it  decomposes  when  sub- 
mitted to  strong  light. 

Thymacetin,  ^^  >C8H2"^NHC  *H  O  '^^^^  substance  was  suggested  as  a  sub- 
stitution for  phenacetin,  and  is  made  by  treating  amido-thymol  with  ethyl  iodide, 

PIT  OP  TT 

and  treatment  of  the  resulting  product,  c  jj'>CeH2<j^j|    »  ^jth  glacial  acetic  acid. 

Dose,  5  to  15  grains. 

Carvacrol. — An  isomeric  alcohol  of  thymol  is  carvacrol,  iso-propyl-ortho-cresol, 

/CH3    (1) 

C.H3f  OH    (2) 

^C3H,  (4). 

51 
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A  comparison  of  this  formula  with  that  of  thymol,  given  above,  shows  that  the 
only  difference  is  that  in  thymol  the  propyl  group  is  attached  to  carbon  atom  number 
6  of  the  benzene  nucleus,  while  in  carvacrol  it  is  attached  to  carbon  atom  number  4. 
In  both  substances  the  propyl  group  is  of  the  "iso"  variety. 

Carvacrol  has  been  made  synthetically  from  cymene  by  converting  the  latter 
(Formula  I)  into  its  sulphonic  acid  derivative  (Formula  II),  and  on  replacing  the 
acid  group  by  a  hydroxyl  group,  carvacrol  (Formula  III)  is  obtained. 

Formula  I.        Formula  II.  Formula  III. 

CH<^CH3      (1)                    /CH,       (1)  /CH3      (1) 

^•^*<C3H,     (4)            CeHj^SOaH     (2)  CeHj^OH      (2) 

XH,      (4)  \C3H,     (4) 

This  body — a  colorless,  thick,  acrid  oil — is  of  little  importance  in  pharmacy, 
save  as  a  constituent  of  some  volatile  oils,  notably  oil  of  origanum. 

It  was  first  prepared  by  heating  carvone  with  glacial  phosphoric  acid,  and  because 
so  obtained,  and  by  reason  of  its  acridity,  it  was  called  carvacrol. 

Carvone. —    CH, 

i 

HC      CO 

HC      CH, 

Y 

CH(CH3)2.  This  body  is  a  ketone,  and  is  isomeric  with  carvacrol. 
There  are  two  forms  of  carvone,  having  the  same  graphic  formula,  but  differing 
in  that  one  deviates  a  ray  of  polarized  hght  to  the  right,  while  the  other  turns  it  to  the 
left.  Dextrogyre  carvone  is  the  flavoring  constituent  of  oil  of  caraway,  Carum 
carvi,  whence  the  name — carvone- — is  derived;  while  the  levogyre  form  is  a  liquid  of 
entirely  different  odor;  that  of  oil  of  spearmint,  of  which  it  is  the  important  con- 
stituent. 

TERPENES 

The  terpenes  are  a  series  of  hydrocarbons  having  the  formula 
CioHig.  While  twenty-three  of  these  terpenes  are  known,  a  much 
larger  number  is  possible. 

Thus  we  can  imagine  a  series  of  chain  compounds  having  the  formula,  CjoHj,, 
and  among  those  which  are  known  we  find  anhydrogeraniol,  the  formula  of  which  is 
supposed  to  be  (CH3)jC  =  CH— CH,— CH  =  C— CH  =  CH2. 

CH3 

Again,  we  can  have — what  is  generally  the  case — a  body,  CmHig,  representing 
cymene,  with  one  of  its  ethylene  bonds  loosened  and  with  an  atom  of  hydrogen  at- 
tached to  each  of  the  free  bonds,  viz.: 

Cymene.  a-terpene. 

CH,  CH3 

HC      CH  /  (1)  \ 

II        I  HC(6)     (2)CH 

HC      CH  II  J 

\^  KC(5)     (SjCh, 

C  \    (4)  / 

1  \/ 

C,H,  CH 

C,H, 
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Since,  as  mentioned  on  p.  798,  three  cymenes  containing  a  normal  propyl  group 
are  known  (ortho-,  meta-,  and  para-),  so  the  closely  similar  terpenes  may  be  found 
with  their  methyl  and  propyl  groups  in  these  three  positions.  Again,  we  can  imagine 
a  new  line  of  terpenes,  depending  on  whether  the  propyl  group  is  normal  or  iso. 
Again,  we  can  have  four  separate  classes  of  terpenes  dependent  upon  the  relative 
position  of  the  ethylene  bond  f oimd  in  the  benzene  nucleus,  as  shown  in  the  following 
figures: 

CH,  CHg  CHj  CHj 

/%  /\  y\  ^\ 

kJ         V         V         KJ 

C3H.J  C3H7  C3H7  C3H7 

It  is  hardly  necessary  to  state  that  the  hexagons  just  given  represent  the  benzene 
nucleus,  with  one  double  bond  loosened.     Thus,  the  first  one  is: 

CH3 

H,C     CH 
HC     CH, 

Y 

C3H7. 

Beside  all  these  combinations  of  CioHu,  we  can  imagine  each  one  of  these  compounds, 
containing  asymmetric  carbon  atoms,  existing  in  stereo-isomeric  forms,  and  thus 
obtaining  levogyre,  dextrogyre,  and  inactive  terpenes.  Lastly,  we  can  carry  the 
isomeric  possibilities  still  further  by  imagining  terpenes  containing,  instead  of 
methyl  and  propyl  groups  above  given,  two  ethyl  groups  or  one  ethyl  and  two 
methyl  groups.     Such  forms  of  terpenes,  however,  nave  not  yet  been  isolated. 

The  known  terpenes  are  divided  into  the  following  systematic  groups: 

The  Aliphatic  Terpenes. — Each  molecule  of  these  terpenes  absorbs  six  atoms  of 
bromine,  showing  the  presence  of  three  ethylene  groups.  Two  such  terpenes  are 
known,  myricene,  which  is  found  in  the  oil  of  bay,  and  the  anhydrogeraniol,  the 
formula  of  which  is  given  on  the  preceding  page,  and  which  is  found  in  the  oil  of 
geranium. 

The  Ldmonene  Group. — In  this  group  of  terpenes  each  molecule  absorbs  four  atoms 
of  bromine,  thereby  showing  the  presence  of  two  ethylene  bonds. 

Among  these  terpenes  we  have  the  three  limonenes  (d,  1,  and  i) ;  terpinolene,  an 
artificial  terpene  obtained  by  heating  oil  of  turpentine  with  alcoholic  sulphuric  acid; 
carvestrene  and  thujene  (or  tanacetene),  which  are  also  artificially  prepared,  and 
sylvestrene,  found  in  Swedish  pine-needle  oil. 

The  terpinene  group  consists  of  two  hydrocarbons,  terpinene  and  phellandrene,  the 
character  of  which  are  puzzling.  It  was  formerly  thought  that  neither  would  absorb 
bromine,  but  it  is  now  known  that  each  yields  a  dibromide.  Semmler  thinks  terpi- 
nene is  pseudo-limonene,  viz. : 

CH, 

HjC     CHj 
H3C     CH] 

cm 


u 


CHj — C^CHj, 

while  the  investigations  of  Wallach  and  Herbig  indicate  that  phellandrenes  have  a 
structure  similar  to  carvenone. 
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Among  the  terpenes  belonging  to  this  group  we  find  terpinene,  found  in  cardamom 
oil,  dextrogyre  phellandrene,  from  the  oil  of  phellandrium,  and  levogyre  phellandrene, 
found  in  the  oil  of  Eucalyptus  amygdalina. 

The  Pinene  Group. — Each  molecule  of  this  group  takes  up  two  atoms  of  bromine, 
showing  the  presence  of  one  ethylene  bond.  The  known  terpenes  of  this  group  are 
pinene,  found  in  the  oil  of  turpentine;  camphene,  found  in  oil  of  ginger,  and  made 
artificially  by  Berthelot  (the  only  solid  terpene  known),  and  fenchene,  which  is  an 
artificial  terpene  made  indirectly  from  fenchyl  alcohol. 

Besides  the  terpenes  just  classified,  the  following  have  been  discovered  of  recent 
years,  and  have  not  as  yet  been  well  characterized :  f enchylene,  euterpene,  tricyclene, 
bornylene,  sabinene,  an  unnamed  terpene  from  resin  of  cannabis  indica,  and  a  syn- 
thetic terpene  from  synthetic  pulegene,  and  apparently  an  ortho-terpene. 

The  difference  between  the  different  terpenes  can  best  be  studied  by  comparison 
of  a  few  typical  formulas. 

Characteristic  for  the  first  group  given  above  is  the  formula  of  anhydrogeraniol, 
given  on  p.  802.  Of  the  second  group,  the  formulas  ascribed  to  terpinolene  and 
limonene  are  as  follows: 


Terpinolene. 
CH, 

i 

/% 
H3C      CH 

I        I 
HjC     CHj 

Y 
I! 

CH,  CH,. 


Limonene. 


CH3 
I 
C 

^\ 
HC        CH. 

11 
HC        CH~ 

\/ 
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I 
CH 

/\ 
CH,  CH, 


CH, 

I 
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^\ 
HC      CH 

I      I! 
H,C      CH 


CH 

I 
CH 


CH,  CH, 


As  to  limonene,  which  of  the  formulas  just  given  is  correct  is  still  a  matter  of 
controversy. 

As  mentioned  above,  the  structure  of  the  third  group  is  a  matter  of  doubt,  while 
representatives  of  the  fourth  group  (camphene  and  pinene)  are  supposed  to  have 
the  formulas  given  below: 

Camphene. 
CH3 

r 


/ 


H^C 
H,C 


\ 


C(CH3), 


CH 
CH 


Y 


C 
H 


Pinene. 

CH3 

( 

I 

J 

/ 
H,C 

\ 
\ 
\ 
CH, 

1            < 
HC 

:^(CH3)3 1 

CHj 

/ 

It  will  be  seen  in  these  two  formulas  the  propyl  group  is  found  within  the  benzene 
nucleus. 

The  transformation  of  one  terpene  into  the  other  is  a  comparatively  simple 
matter.  Thus,  on  standing,  limonene,  found  in  the  oil  of  lemon,  is  readily  converted 
into  pinene.     This  explains  why  the  oil  of  lemon  becomes  terebinthinate. 

Terpenes  possess  many  striking  chemical  characteristics.  For  instance,  those 
absorbing  bromine  generally  give  very  beautiful  crystalline  bromo-compounds. 

Another  beautiful  line  of  terpene  derivatives  are  the  nitroso-chlorides,  such  as 
limonene  nitroso-chloride,  CioHigNOCl,  and  these,  on  reduction,  frequently  yield 
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well-crystallized  oximes,  such  as  carvoxime,  CmHi^NOH.  Some  terpenes  are  optic- 
ally active,  while  others  have  no  effect  on  the  polarized  ray  of  light.  Those 
which  do  rotate  the  ray  of  light  to  the  right  or  to  the  left  always  contain  an  asym- 
metric carbon  atom  (see  p.  685). 

The  subject  of  terpenes  serves  as  an  introduction  to  that  large 
class — the  volatile  oils.  Practically  all  volatile  oils  are  mixtures 
of  many  chemicals,  and  the  old-fashioned  classification  of  Dumas 
(1833)  into  terpenes,  oxygenated  products,  oils  containing  nitrogen, 
and  those  containing  sulphur,  has  long  since  become  antiquated. 
For  this  reason  the  nitrogenated  oils  and  those  containing  sulphur 
have  already  been  considered  under  the  appropriate  grouping 
(oils  of  mustard,  see  p.  745;  oil  of  bitter  almond,  see  p.  777).  Like- 
wise, two  other  volatile  oils  that  have  no  connection  with  the  terpenes 
are  the  oil  of  sweet  birch  and  the  oil  of  wintergreen,  which  are  esters 
of  salicylic  acid,  and  have  been  considered  among  the  derivatives 
of  this  chemical.  Nor  is  it  wholly  correct  to  consider  the  rest  of  the 
volatile  oils  merely  as  terpene  derivatives.  It  is  true,  in  the  case  of 
the  larger  number  of  them,  that  most  of  their  bulk  consists  of  terpenes, 
but  it  is  also  true  that  these  oils  owe  very  little  of  their  character  to 
the  terpenes.  Thus,  while  oil  of  lemon  consists  of  about  94  per  cent, 
of  the  terpene,  limonene,  this  is  simply  the  solvent  for  the  odorous 
principle,  that  consisting  chiefly  of  citral.  In  fact,  modern  chemistry 
has  attempted  the  problem  of  obtaining  concentrated  oils  by  removing 
the  terpenes,  and,  in  consequence,  there  is  now  on  the  market  a  large 
line  of  the  so-called  terpeneless  volatile  oils.  In  many  cases  these  oils 
are  not  merely  stronger  than  the  natural  oil,  but  are  much  better  for 
general  use.  Thus,  the  terpeneless  oil  of  lemon  has,  roughly  speaking, 
sixteen  times  the  flavoring  power  as  has  the  oil  of  lemon,  and  possesses 
the  great  advantage  of  not  becoming  terebinthinate.  A  very  good 
review  of  the  fallacy  of  considering  the  terpenes,  or  even  the  terpene 
derivatives,  as  the  most  important  constituents  of  the  volatile  oils, 
is  found  in  the  admirable  paper  of  Professor  Kremers,  in  the  Proceed- 
ings of  the  American  Pharmaceutical  Association,  1898  (p.  214). 
This  paper  shows  that  the  volatile  oils  contain  a  large  number  of 
different  esters,  aldehydes,  alcohols,  and  ketones. 

Another  point  in  the  modem  consideration  of  these  derivatives  is  the  contraction 
of  the  meaning  of  the  word  terpene.  It  was  formerly  applied  to  all  the  derivatives 
of  cymene  from  CioH,^  to  CioHjo-  In  modern  chemical  nomenclature  bodies  of  the 
formula  CioHig  are  called  terpadienes,  while  the  word  terpene  is  reserved  for  bodies 
of  the  formula  CioHjg,  and  the  substance  of  the  formula  CioHjo  are  called  terpanes. 
The  application  of  the  word  terpene  to  CmHjg  is  unfortunate,  since  the  word  has  for 

f^^ears  been  associated  with  boclies  having  the  formula  CioHjg.  Of  the  two  classes 
ast  mentioned,  terpenes  represent  the  body  CjoHjg,  with  one  of  their  double  bonds 
loosened  and  the  bonds  thus  freed  taken  up  with  hydrogen  atoms,  making  C,oHig, 
while  in  the  terpanes  both  double  bonds  are  similarly  loosened,  and  taken  up  by  hy- 
drogen, making  CjoHjo. 

Interesting  modifications  of  the  formula  CmHig  are  found  in  a  group  of  hydro- 
carbons having  the  formula  CjHg.  These  bodies  are  called  hemiter penes;  literally, 
"haK- terpene."  An  example  of  such  a  hemiterpene  is  isoprene,  obtained  by  the 
distillation  of  rubber.  Again,  we  have  bodies  that  are  modifications  of  terpenes, 
containing  half  as  much  again  carbon  and  hydrogen  as  terpenes,  and,  therefore, 
having  the  formula  CisHj^.  This  class  of  hydrocarbons  are  called  sesquiterpenes. 
As  examples  of  this  may  be  cited  caryophyllene,  found  in  oil  of  cloves,  cadinene,  found 
in  oil  of  cade,  andzingiherene,iound  in  oil  of  ginger.  Bodies  having  formula  CJqHjj, 
CagH^g,  and  C^qH^  are  also  known. 


/ 
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Two  words  of  the  obsolete  nomenclature  of  the  volatile  oils  still 
used  in  pharmacy  are  the  terms  eleoptene  and  stearoptene.  These 
words  were  coined  by  Berzelius  to  represent  respectively  the  liquid 
and  solid  portions  of  volatile  oils.  As  mentioned  above,  most  of  the 
volatile  oils  are  mixtures  of  quite  a  number  of  substances,  and  it  so 
happens  in  some  cases  that  some  of  these  substances  are  solids  dis- 
solved in  the  liquid  portion.  These  solid  substances  found  in  oils 
can  sometimes  be  removed  by  chilling  the  oil  in  a  freezing  mixture 
and  draining  off  the  unfrozen  eleoptene.  Among  the  stearoptenes 
are  found  three  official  substances,  camphor,  menthol,  and  thymol. 
In  modern  chemistry  the  question  as  to  whether  the  constituent 
of  a  volatile  oil  is  solid  or  liquid  is  of  but  little  importance,  and  the 
word  stearoptene  is  not  used  in  the  new  pharmacopoeia. 

Beside  the  official  volatile  oils  containing  terpenes,  there  are 
several  terpene  derivatives  of  interest  to  pharmacy  which  can  be 
considered  in  a  purely  chemical  sense.     These  are  as  follows: 

Hydrocarbon:  Terebene,  U.  S.  P. 

Monatomic  alcohols:      Terpineol. 

Menthol,  U,  S.  P. 

Bomeol. 
Diatomic  alcohol:  Terpin  hydrate,  U.  S.  P. 

Aldehyde:  Citral. 

Ketone:  Camphor,  U.  S.  P. 

Dibasic  acid:  Camphoric  acid,  U.  S.  P. 

Inner  oxide:  Eucalyptol,  U.  S.  P. 

TEREBENUM.     Terebene. 

A  liquid  consisting  of  dipentene  and  other  hydrocarbons,  obtained  by  the  action 
of  concentrated  sulphuric  acid  on  oil  of  turpentine  and  subsequent  rectification  with 
steam. 

Terebene  should  be  kept  in  well-stoppered  bottles,  in  a  cool  place,  protected  from 
light. 

A  colorless,  thin  liquid,  having  a  rather  agreeable,  thyme-like  odor,  and  an 
aromatic,  somewhat  terebinthinate  taste. 

Specific  gravity:  about  0.850  at  25°  C.  (77°  F.). 

Only  slightly  soluble  in  water,  but  soluble  in  three  times  its  volume  of  alcohol. 

It  boils  at  155°  to  165°  C.  (311°  to  329°  F.). 

On  exposure  to  light  and  air,  Terebene  gradually  becomes  resinified,  and  acquires 
an  acid  reaction. 

Terebene  should  possess  its  characteristic  agreeable  odor,  should  not  "redden 
moistened  blue  litmus-paper  (absence  of  adds),  and  should  be  completely  inactive 
toward  polarized  light  (absence  of  unaltered  oil  of  turpentine). 

If  about  10  Cc.  of  Terebene  be  evaporated  in  a  porcelain  dish,  on  a  water-bath, 
not  more  than  a  very  slight  residue  should  be  left  (absence  of  more  than  traces  of 
resinous  substances). 

Tests  for  Identity. — Given  above. 

Impurities. — Acids,  unaltered  oil  of  turpentine,  excess  of  resinous 
matter.     Details  above. 

Remarks. — Terebene  is  a  mixture  of  three  terpenes:  dipentene, 
pinene,  and  terpinene.  Terebene  is  manufactured  by  treating  20 
parts  of  oil  of  turpentine  with  100  parts  of  concentrated  sulphuric 
acid,  and  allowing  the  mixture  to  stand  twenty-four  hours.  It  is 
then  heated  to  boiling,  allowed  to  cool,  when  the  oily  layer  on  top  is 
separated  and  neutralized   with   calcium   carbonate   and   then  dis- 
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tilled.  The  distilled  terebene  is  rectified  in  order  to  secure  a  pure 
product. - 

Terebene  in  alcohol  solution  (1  :  500)  is  used  as  an  antiseptic. 
It  is  also  used  in  the  concentrated  form  for  bronchial  troubles,  for 
which  purpose  it  is  best  given  in  the  form  of  capsules.  When  admin- 
istered for  too  long  a  time,  however,  it  is  apt  to  cause  irritation  of  the 
stomach. 

Dose. — 0.5  Cc.  (8  minims). 

Terpineol,  CioH„OH. — This  unofficial  chemical  is  made  by  the  treatment  of  oil 
of  turpentine  with  sulphuric  acid  and  nitric  acid.  Several  terpineols  are  known, 
three  of  them  being  solids  and  two  viscid  liquids.  The  crystalline  terpineol  is 
found  in  commerce,  melts  at  35°  C,  and  was  first  obtained  from  the  liquid  ter- 
pineol by  a  method  which  afforded  a  striking  illustration  of  the  possibilities  of 
crystallization.  The  liquid  had  been  known  to  chemists,  and  many  efforts  have 
been  made  to  secure  its  crystallization.  All  these  attempts,  such  as  freezing  and 
the  use  of  the  nuclei,  etc.,  have  been  in  vain  until  Bouchardat  and  Voiry  applied 
the  idea  of  crystallization  by  analogy.  These  chemists  had  already  prepared  from 
India-rubber,  by  indirect  means,  a  crystalline  body  having  the  formula  CmH^OH, 
which  they  called  caoutchin  hydrate,  and  a  minute  crystal  of  this  they  dropped  into 
liquid  terpineol  well  cooled  by  use  of  a  freezing  mixture,  and  immediately  the  liquid 
terpineol  began  to  crystallize,  and  in  a  short  time  five-sixths  of  the  mass  was  solid. 
From  that  time  the  manufacture  of  crystalline  terpineol  has  been  simple,  all  that  was 
necessary  being  to  add  to  subsequent  batches  a  few  crystals  of  terpineol,  such  as 
originally  produced  by  this  brilliant  experiment. 

Terpineol  is  not  used  in  medicine,  but  is  largely  used  in  perfumery  as  the  basis 
of  lilac  perfumes;  the  substance  in  diluted  form  possesses  an  agreeable  odor  resembling 
that  of  the  lilac  blossoms.  For  perfumery  purposes  the  viscid  liqviid  terpineol,  fre- 
quently marketed  as  "lilacin,"  is  preferable  to  the  crystaUine. 

TERPINI  HYDRAS.     Terpin  Hydrate. 

CioH^oOa  +  H,0  =  188.74 

The  hydrate  [CioHi8(OH)2  -1-  HjO]  of  the  diatomic  alcohol  terpin.  Terpin  Hydrate 
should  be  kept  in  well-stoppered  bottles. 

Colorless,  lustrous,  rhombic  prisms,  nearly  odorless,  and  having  a  slightly  aro- 
matic and  somewhat  bitter  taste.     Permanent  in  the  air. 

Soluble  in  about  200  parts  of  water  and  in  10  parts  of  alcohol  at  25°  C.  (77°  F.); 
in  32  parts  of  boiling  water  and  in  2  parts  of  boiling  alcohol;  also  soluble  in  about  100 
parts  of  ether,  200  parts  of  chloroform,  or  1  part  of  boiling  glacial  acetic  acid. 

Terpin  Hydrate  melts  when  quickly  heated  at  116°  to  117°  C.  (240.8°  to 
242.6°  F.),  with  the  loss  of  water,  and,  at  the  temperature  of  boiling  water,  sub- 
limes in  fine  needles. 

When  heated  in  a  flask  adapted  for  distillation,  it  first  loses  water.  At  258°  C. 
(496.4°  F.)  anhydrous  terpin  distils  over  without  decomposition,  soon  solidifying  to 
a  crystalline,  hygroscopic  mass,  which  melts  at  102°  to  105°  C.  (215.6°  to  221°  F.). 
When  strongly  heated  on  platinum  foil,  it  burns  with  a  bright,  smoky  flame,  leaving 
no  residue 

If  to  its  hot,  aqueous  solution  a  few  drops  of  sulphuric  acid  be  added,  the  liquid 
will  become  turbid  and  develop  a  strongly  aromatic  odor. 

Terpin  Hydrate  should  not  have  the  odor  of  turpentine,  and  its  hot,  aqueous 
solution  should  not  redden  blue  litmus-paper. 

Tests  for  Identity. — Just  given. 

Remarks. — Terpin  hydrate  is  the  crystalline  hydrate  of  terpin, 
CioHi8(OH)^,  which  in  turn  can  be  considered  as  terpineol,  with  which 
one  molecule  of  water  has  been  combined  or  as  a  terpene  from  oil  of 
turpentine  (pinene,  for  example),  to  which  two  molecules  of  water 
have  been  added. 
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The  water  is,  of  course,   added  by  chemical  means — treatment 
with  diluted   mineral  acids: 

Oil  turpentine  (or  its  pinene) CioHj, 

Add  water HOH 

And  we  get  terpineol CmH^GH 

Add  another  waJjer. . , H  OH 


.^-^*j^.-*?5^ 


And  we  get  terpin.  .1l\/^r^:'R^ CioHigCOH), 

Terpin  hydrate  is  generally  manufactured  by  treating  an  alcoholic 
solution  of  oil  of  turpentine  with  nitric  acid.  The  mixture  is  placed 
in  a  shallow  porcelain  dish  for  three  or  four  days,  when  the  crystals 
of  terpin  hydrate  appear.  The  liquid  is  drained  from  the  same,  and 
the  crystals  are  dried  by  pressing  between  sheets  of  filter-paper.  In 
order  to  obtain  the  pure  product  the  substance  is  recrystallized.  The 
yield  of  terpin  hydrate  by  this  process  is  about  12  per  cent,  of  the 
turpentine  used. 

Terpin  hydrate  is  used  in  chronic  bronchitis  and  other  troubles 
:  of  the  throat. 

h        Dose. — 125  milligrammes  (2  grains). 

]'  Of  late  years  an  elixir  of  terpin  hydrate  has  become  quite  popular 
Pas  a  cough  remedy.  Since  the  chemical  does  not  dissolve  in  water, 
the  preparation  of  an  elixir  which  will  contain  three  grains  of  terpin 
hydrate  to  the  teaspoonful  is  a  matter  of  some  difficulty.  In  fact, 
about  the  only  way  to  hold  the  terpin  hydrate  in  solution  is  by  making 
the  preparation  strongly  alcoholic.  A  satisfactory  recipe  for  the 
elixir  is  found  in  the  National  Formulary.  It,  however,  contains 
only  1  grain  of  terpin  hydrate  to  the  teaspoonful. 

MENTHOL.     Menthol. 

CioHibOH  =  154.98 

A  secondary  alcohol  [CeH9(CH3)(OH)(C3H7)  1:3:4],  obtained  from  the  oil  from 
Mentha  piperita  Linne,  or  other  peppermint  oils.  Menthol  should  be  kept  in  well- 
stoppered  bottles,  in  a  cool  place. 

Colorless,  acicular  or  prismatic  crystals  having  a  strong  and  pure  odor  of  pepper- 
mint, and  a  warm,  aromatic  taste,  followed  by  a  sensation  of  cold  when  air  is  drawn 
into  the  mouth. 

Menthol  is  only  slightly  soluble  in  water,  but  imparts  to  the  latter  its  odor  and 
taste.     It  is  freely  soluble  in  alcohol,  ether,  and  chloroform. 

It  melts  at  43°  C.  (109.4°  F.)  to  a  colorless  liquid,  boils  at  212°  C.  (413.6°  F.), 
and  volatilizes  slowly  at  the  ordinary  temperature. 

When  it  is  triturated  with  about  an  equal  weight  of  camphor,  thymol,  or  hy- 
drated  chloral,  the  mixture  becomes  liquid. 

Its  alcoholic  solution  is  neutral  to  litmus-paper  and  is  Isevogyrate. 

If  a  little  menthol  be  heated  in  an  open  dish,  on  a  water-bath,  it  should  gradually 
volatilize  without  leaving  any  residue  (absence  of  wax,  paraffin,  or  inorganic  sub- 
stances). 

If  a  few  crystals  of  Menthol  be  dissolved  in  1  Cc.  of  glacial  acetic  acid,  and  then 
3  drops  of  sulphuric  acid  and  1  drop  of  nitric  acid  added,  no  green  color  should  be 
produced  (absence  of  thymol). 

Tests  for  Identity. — Given  above. 

Impurities. — Wax,  paraffin,  inorganic  matter,  thymol.  Details 
above. 
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Remarks. — Menthol  represents  the  alcohol  of  the  hydrocarbon 
menthene,  C^qHis,  its  graphic  formula  being  as  follows: 

CH3 
I 
CH 

H«C      CH, 

I        I 
H,C      CHOH 

Y-n 

CH 
CH3  CH3 

This  formula  is  proved  by  its  behavior  when  oxidized  with  potassium  perman- 
ganate, when  it  yields  oxymenthylic  acid. 

'     CH3-CH<C|-COOI^_(.OCH<CH3,   ^nd 
methyl-adipic  acid,  CH3— CH<gg2^gO^QQjj 

That  menthol  is  a  secondary  alcohol  is  shown  by  its  oxidation  by  chromic  acid 
into  the  ketone,  menthone,  CioHjgO. 

As  mentioned  in  the  official  definition,  menthol  is  a  secondary 
alcohol  ("a  stearopten  having  nature  of  a  secondary  alcohol,"  U.  S.  P. 
1890),  found  in  the  oil  of  peppermint,  and  is  obtained  by  placing  the 
oil  in  a  freezing  mixture,  when  the  menthol  should  crystallize  out. 

In  the  manufacture  of  menthol,  from  the  oil  of  peppermint  the 
semisolid  mass  obtained  by  freezing  is  thrown  on  a  filter-paper,  and 
after  the  greater  portion  of  the  liquid  is  drained,  the  crystals  are  dried 
by  placing  between  folds  of  filter-paper. 

This  process  affords  the  test  for  the  purity  of  oil  of  peppermint, 
and  the  pharmacopoeia  of  1890  gave  it  among  the  tests.  Unscrupu- 
lous distillers  remove  the  menthol  from  the  oil  of  peppermint  and 
market  the  liquid  part  as  oil  of  peppermint.  Such  an  oil  yields  no 
menthol  when  chilled. 

Besides  the  official  tests  just  given,  a  pretty  reaction  identifying 
the  menthol  is  the  treatment  of  menthol  with  50  per  cent,  sulphuric 
acid,  and  boiling  the  mixture,  when  a  blue  coloration  results. 

Menthol,  as  thymol,  becomes  liquid  when  triturated  with  an  equal 
weight  of  camphor  or  chloral  hydrate. 

Menthol  is  used  as  a  refrigerant.  Its  chief  use,  however,  is  as 
the  constituent  of  antiseptic  combinations,  particularly  those  used 
for  spraying  in  the  nose.  Another  use  for  menthol  is  in  the  manu- 
facture for  the  menthol  pencils  used  for  headache.  Menthol  rubbed 
on  any  part  of  the  body  evaporates,  producing  a  chilling  of  the  part, 
and  thus  involving  a  mild  form  of  local  anesthesia.  It  is  also  used 
in  the  form  of  an  inhaler,  this  consisting  of  glass  tubes  plugged  with 
cotton  at  either  end,  with  intervening  space  loosely  filled  with  menthol 
crystals,  thus  affording  free  access  for  the  passage  of  air.     When  the 
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air  is  sucked  through  this  tube,  a  certain  portion  of  the  menthol 
volatilizes  and  enters  the  throat  and  nose,  where  it  eventually  con- 
denses, thus  bringing  the  healing  antiseptic  menthol  in  direct  contact 
with  the  inflamed  surface. 

Dose. — 65  milligrammes  (1  grain). 

Citral  (Geranial),  CjoHjjO. — This  aldehyde  was  isolated  from  oil  of  lemon  in 
1888,  and  found  to  be  the  flavoring  principle  of  the  oil.  Semmer  proved  it  to  be 
identical  with  geranial,  the  aldehyde  prepared  by  him  by  oxidation  of  geraniol. 
It  is  prepared  from  oil  of  lemon,  which  contains  from  6  to  8  per  cent,  of  the  chemical, 
and  particularly  from  oil  of  lemon  grass  {Andropogon  citratus),  which  contains  from 
70  to  80  per  cent.,  by  formation  of  crystallization  compound  by  treatment  of  the  oil 
with  sodium  bisulphite.  This  compound,  after  washing  with  alcohol  and  ether,  is 
treated  with  sodium  carbonate,  and  the  citral  thus  freed  purified  by  distillation  in 
vacuo. 

As  mentioned  above,  this  body  is  the  basis  of  terpeneless  oil  of  lemon.  Chemi- 
cally, citral  is  supposed  to  be  the  aldehyde  of  the  olefinic  hydrocarbon  anhydro- 
geraniol,  with  formula — 

CH3  —  C  =  CH  —  CHj  —  CHj  —  C  =  CH  —  CHO. 

CHj  CH3 

On  condensation  of  this  body  with  acetone  there  is  produced  a  ketone,  pseudo-ionorie 
(C13H20O),  CH3— C  =  CH— CHj— CH^— C  =  CH— CH  =  CH— CO— CH3. 

CH3  CH, 

This,  on  boiling  with  dilute  sulphuric  acid  and  trace  of  glycerin,  yields  an  isomeric 
ring  compound  which  is  called  lonone,  and  is  of  great  commercial  value  as  the  basis 
of  synthetic  violet  perfume.  This  is  now  known  to  consist  of  two  isomeres,  alpha- 
ionone  and  beta-ionone. 

The  real  flavor  of  violet  and  of  orris  is  still  another  isomere,  called 
irone. 

CAMPHORA.     Camphor. 

CioHisO  =  150.98 

The  dextrogyrate  modification  of  the  saturated  ketone  [CgHuCO],  obtained  from 
Cinnamomum  Camphora  (Linne)  Nees  et  Ebermeier  (Fam.  Lauracece),  and  purified 
by  sublimation.     Camphor  should  be  kept  in  well-closed  vessels,  in  a  cool  place. 

White,  translucent  masses,  of  a  tough  consistence  and  a  crystalline  structure, 
readily  pulverizable  in  the  presence  of  a  little  alcohol,  ether,  or  chloroform;  having 
a  penetrating,  characteristic  odor,  and  a  pungent,  aromatic  taste. 

Specific  gravity:  0.990  at  25°  C.  (77°  F.). 

It  is  optically  active,  being  dextrogyrate. 

Very  sparingly  soluble  in  water,  but  readily  soluble  in  alcohol,  ether,  chloroform, 
carbon  disulphide,  petroleum  benzin,  and  in  fixed  and  volatile  oils. 

When  camphor  is  triturated,  in  about  molecular  proportions,  with  menthol, 
thymol,  phenol,  or  hydrated  chloral,  liquefaction  ensues.  It  melts  at  175°  C.  (347° 
F.),  boils  at  204°  C.  (399.2°  F.),  and  is  inflammable,  burning  with  a  luminous,  smoky 
flame. 

On  exposure  to  the  air,  it  evaporates  more  or  less  rapidly  at  ordinary  tempera- 
tures, and,  when  moderately  heated,  it  sublimes,  without  leaving  a  residue. 

Tests  for  Identity. — Given  above. 

Impurities. — Chlorinated  products.  Test  same  as  found  under 
benzaldehyde,  only  a  lump  of  camphor  is  burned  direct. 

Remarks. — The  constitution  of  camphor  is  supposed  to  be  expressed 
by  the  following  formula: 
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While  menthol  is  alcohol,  camphor,  as  noted  above,  is  ketone, 
the  oxygen  not  being  combined  with  hydrogen,  but  directly  attached 
to  a  carbon  atom. 

Camphor  has  Iseen  made  synthetically  from  pinene,  the  successive  stages  of  the 
process  being  given  below  by  means  of  graphic  formulas  without  any  attempt  at 
descriptive  detail. 

Pinene  hydrochloride. 
CH, 


Camphene. 
CH, 


This  synthesis  of  camphor  is  of  interest  entirely  from  a  theoretic  point  of  view, 
it  having  been  a  valuable  aid  in  establishing  the  structural  formula  of  the  substance. 
Several  other  syntheses  have  been  patented,  but  none  are  as  yet  of  technical  import- 
ance, all  the  camphor  used  being  from  the  natural  source. 

As  mentioned  above,  camphor  is  obtained  from  Cinnamomum 
camphora,  a  handsome  tree  growing  in  Formosa.  This  tree  is  cut 
down,  and  the  roots,  trunk,  and  branches  cut  into  small  chips,  placed 
in  a  rude  retort  containing  heated  water.     When  this  water  is  boiled, 
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the  volatile  products  of  the  camphor  wood  distil  over.  The  semisolid 
distillate  is  then  submitted  to  hydraulic  pressure,  which  removes 
all  the  eleoptene,  the  stearoptene  remaining  in  the  press.  The 
manufacture  of  this  substance  affords  an  interesting  and  about  the 
only  illustration  of  a  volatile  oil  containing  so  large  a  preponderance 
of  the  stearoptene  as  to  be  semisolid. 

The  liquid  portion  separated  from  the  camphor  by  pressure  is  comparatively 
small  in  quantity,  and  is  marketed  under  the  name  of  oil  of  camphor,  being  in  con- 
siderable demand  in  the  Orient,  although  its  consumption  in  this  country  is  insig- 
nificant. It  is  well  to  bear  in  mind  that  this  oil  of  camphor  is  not  the  familiar  cam- 
phorated oil  (liniment  of  camphor). 

The  crude  camphor  that  is  separated  by  expression  is  mixed  with 
quicklime  (to  absorb  water)  and  sublimed  from  a  cast-iron  retort 
into  a  cooled  chamber,  similar  to  that  used  in  making  flower  of  sul- 
phur. The  camphor  in  this  case  condenses  into  a  fine  powder,  which 
is  then  compressed  into  cakes. 

As  already  mentioned  on  p.  117,  the  powdering  of  camphor  is 
accomplished  by  the  addition  of  a  small  quantity  of  alcohol,  an 
example  of  pulverization  by  intervention.  The  powder  thus  obtained 
has  the  disadvantage  of  eventually  forming  again  into  a  hard  cake. 
Camphor,  however,  can  be  kept  in  the  form  of  a  permanent  powder 
by  triturating  the  powder,  when  freshly  made,  with  a  minute  trace 
of  white  vaseline.  Such  powdered  camphor,  of  course,  would  be 
unfit  for  preparing  solutions,  but  for  the  usual  purpose  for  which 
powdered  camphor  is  employed,  the  addition  of  a  minute  quantity 
of  the  harmless  substance,  white  vaseline,  does  not  vitiate  the  cam- 
phor. When  a  lump  of  camphor,  or  powdered  camphor  free  from  oil, 
is  placed  in  water,  it  floats  on  the  surface,  and  then  very  rapidly  moves 
to  and  fro  on  the  surface  of  the  water.  This  movement  is  produced 
by  rapid  evaporation  of  the  camphor  in  contact  with  the  water,  and 
the  sudden  chilling  of  the  water  where  the  evaporation  takes  place, 
causing  the  movement  in  the  direction  where  the  water  is  warmer. 

In  the  official  description  of  camphor  given  above  it  will  be  noted 
that  the  camphor  liquefies  not  only  with  menthol,  but  also  with 
thymol  and  chloral  hydrate;  the  liquefaction  taking  place  in  this 
case  is  not  supposed  to  be  due  to  chemical  change,  but  a  mutual 
solution  of  the  two  solids,  with  the  formation  of  a  liquid.  And  that 
no  chemical  change  is  produced  is  shown  by  the  fact  that  such  a 
liquid,  when  poured  into  water,  is  rapidly  separated  into  the  two 
constituents. 

Camphor  is  a  mild  stimulant  and  is  somewhat  diaphoretic.  It 
is  used  chiefly  as  anodyne,  both  internally  and  externally. 

Dose. — 125  milligrammes  (2  grains). 

CAMPHORA   MONOBROMATA.     Monobromated  Camphor. 

CioHi.BrO  =  229.34 

A  substitution  product  of  camphor  [CgHisBr.COJ. 

Colorless,  prismatic  needles  or  scales,  having  a  mild  but  characteristic  cam- 
phoraceous  odor  and  taste,  permanent  in  the  air,  unaffected  by  light,  and  neutral 
to  litmus-paper. 

Almost  insoluble  in  water;  freely  soluble  in  alcohol,  ether,  chloroform,  hot 
petroleum  benzin,  and  fixed  and  volatile  oils;  slightly  soluble  in  glycerin;  it  is  also 
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soluble,  without  decomposition,  in  cold,  concentrated  sulphuric  acid,  from  which  it 
separates  again  unaltered  when  the  solution  is  poured  into  water. 

It  melts  at  76°  C.  (168.8°  F.)  and  sublimes  at  a  slightly  higher  temperature. 
At  274°  C.  (525.2°  F.)  it  boils  without  decomposition,  and  is  finally  volatilized  without 
leaving  a  residue. 

If  a  few  crystals  of  Monobromated  Camphor  be  fused  in  a  dry  test-tube  with 
metallic  sodium,  the  residue  dissolved  in  water,  and  the  solution  acidulated  with  nitric 
acid,  a  copious,  faintly  yellowish  precipitate  should  be  produced  upon  the  addition 
of  silver  nitrate  T.S. 


Tests  for  Identity. — Given  above. 

Remarks. — This  camphor  derivative  was  discovered  by  Swarts 
in  1861,  who  prepared  it  by  heating  camphor  and  bromine  for  three 
hours  in  a  sealed  tube  on  a  water-bath.  It  is  generally  made  by  the 
Maisch  process,  by  mixing  bromine  and  camphor  in  a  retort,  heating 
the  mixture  to  132°  C,  then  cooling,  and  extracting  the  monobromated 
camphor  with  benzene.  The  substance  thus  obtained  is  purified  by 
recryst  alliz  ation: 

Monobromated  camphor  is  used  as  a  nervous  sedative. 

Dose. — 125  milligrammes  (2  grains). 

ACIDUM   CAMPHORICUM.     Camphoric  Acid. 

HaC,„Hi,0,  =  198.62 

A  dibasic  organic  acid  [C8H,^(COOH)2],  obtained  by  the  oxidation  of  camphor. 

Colorless,  odorless,  monoclinic  prismatic  crystals  or  plates;  melting  at  187°  C. 
(368.6°  F.);  at  a  higher  temperature  yielding  an  anhydride,  and  ultimately  decom- 
posing without  leaving  any  weighable  residue. 

Soluble  in  125  parts  of  water  at  25°  C.  (77°  F.)  and  in  10  parts  of  boiHng  water; 
readily  soluble  in  alcohol,  less  soluble  in  ether  and  chloroform;  soluble  in  fatty  oils. 

Camphoric  Acid  is  dextro-rotary,  showing  in  10  per  cent,  alcoholic  solution  the 
value  [a] D= +47.8°. 

The  aqueous  solution  reddens  blue  litmus-paper. 

Tests  for  Identity. — Given  above. 

Impurities. — Nitric  acid.     Details  in  Part  V. 

Remarks. — As  mentioned  in  the  pharmacopceial  definition  given 
above,  camphoric  acid  is  an  oxidation  product  of  camphor,  nitric 
acid  being  the  oxidizmg  agent  employed.  This  accounts  for  the  possi- 
ble presence  of  nitric  acid  as  an  impurity,  as  suggested  by  the  pharma- 
copoeia. 

The  oxidation  from  camphor  to  camphoric  acid  can  be  best 
explained  by  the  following  graphic  formulas: 

Camphor. 
CH, 


CH, 
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In  passing,  it  may  be  well  to  state  that  the  abbreviation,  [a]  d  = 
+  47.8°,  given  above  in  the  official  description,  means  that  the 
specific  rotating  power  of  camphoric  acid  is  47.8° — that  is,  when 
examined  in  a  polariscope  its  solution,  under  ideal  conditions,  rotates 
the  ray  of  light  47.8°  to  the  right. 

To  convert  ordinary  conditions  of  observation  to  the  ideal,  it  is 
necessary  to  use  as  data  in  the  calculation  the  observed  angle  of 
rotation,  the  length  of  the  polariscope  tube  holding  the  liquid,  and  the 
strength  of  the  solution  employed.  (For  details,  see  U.  S.  P.  VIII., 
pp.  580,  581.) 

Medical  Properties. — Camphoric  acid  is  used  like  camphor,  but  it 
is  less  irritating. 

Dose. — 1  Gm.  (15  grains). 

Borneol,  CioH„OH. — This  is  a  variety  of  camphor  obtained  from  the  plant, 
Dryobcdanops  Camphora,  and  is  used  quite  largely  in  the  east,  although  not  employed 
in  Europe  and  America.  It  can  be  made  by  treating  camphor  with  sodium  alco- 
holate,  and  investigations  prove  that  it  possesses  the  following  graphic  formula: 


CH. 


It  differs  from  camphor  in  having  two  extra  atoms  of  hydrogen  and  in  being  an 
alcohol,  not  a  ketone. 

EUCALYPTOL.     Eucalyptol. 

CioHigO  =  152.98 

An  organic  oxide  (cineol),  obtained  from  the  volatile  oil  of  Eucalypttis  Globulus 
Labillardi§^re  (Fam.  Myrtaceoe)  and  from  other  sources.  It  should  be  kept  in  well- 
stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from  Ught. 

A  colorless  liquid,  having  a  characteristic,  aromatic,  and  distinctly  campho- 
raceous  odor,  and  a  pungent,  spicy,  and  cooling  taste. 

Specific  gravity:  0.925  at  25°  C.  (77°  F.). 

Soluble  in  all  proportions  in  alcohol. 

Boiling-point:  176°  to  177°  C.  (348.8°  to  350.6°  F.). 

Eucalyptol  is  optically  inactive  (distinction  from  the  oil  of  eucalyptus  and  many 
other  volatile  oils). 

When  exposed  to  a  temperature  somewhat  below  0°  C.  (32°  F.)  it  solidifies  to  a 
mass  of  colorless,  needle-shaped  crystals,  which  liquefy  at  — 1°  C.  (30.2°  F.). 

If  1  Cc.  of  Eucalyptol  be  placed  in  a  freezing  mixture,  and  an  equal  volume  of 
phosphoric  acid  be  gradually  added,  a  solid  white  crystalline  mass  of  cineol-phos- 
phoric  acid  should  result,  and  if  warm  water  be  then  added,  the  cineol  will  separate. 

If  5  Cc.  of  Eucalyptol  be  shaken  with  5  Cc.  of  sodium  hydroxide  T.S.,  it  should 
not  diminish  in  volume. 

Its  alcoholic  solution  should  be  neutral  to  litmus-paper,  and  if  to  5  Cc.  of  this 
solution  a  drop  of  ferric  chloride  T.S.  be  added,  there  should  not  be  produced  a 
brownish  or  violet  color  (absence  of  phenols). 
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Tests  for  Identity. — Given  above. 

Impurities. — Oil  of  eucalyptus  and  other  oils,  phenols.  Details 
above. 

Remarks. — Eucalyptol  was  originally  called  cineol,  because  dis- 
covered in  the  oil  of  the  seed  of  Artemisia  cince,  a  variety  of  Levant 
wormseed.  Eucalyptol  is  made  synthetically  by  treatment  of 
terpin  with  diluted  sulphuric  acid,  and  this  synthesis  suggests  that 
eucalyptol  is  the  anhydride  of  terpin,  with  the  following  graphic 
formula: 

CH, 


C 
/(\ 

T  o  T 

HjC    I     CHj 


\\y 


C3H7 


On  closely  examining  this  formula  it  is  found  of  interest,  inasmuch 
as  the  oxygen  is  placed  on  the  interior  of  the  benzene  nucleus.  The 
formula  is  thus  expressed,  because  while  the  compound  contains 
oxygen,  the  substance  gives  none  of  the  reactions  usually  obtained 
from  organic  chemicals  containing  oxygen,  such  as  alcohols,  aldehydes, 
ketones,  or  esters.  Eucalyptol  is,  therefore,  supposed  to  represent 
one  of  a  unique  chemical  group  called  inner  oxides. 

Eucalyptol  is  prepared  commercially  by  the  fractional  distillation 
of  oil  of  eucalyptus;  that  portion  of  the  oil  distilling  between  130°  and 
180°  C.  being  collected  and  purified  by  redistillation  over  potassa. 
It  is  used  as  an  antiseptic  and  stimulant,  and  is  a  constituent  of  the 
official  Antiseptic  Solution. 

Dose. — 0.3  Cc.  (5  minims). 

Artificial  Musk. — Mention  might  here  be  made  of  the  several  chemicals,  the  odor 
of  which  so  closely  resembles  that  of  musk  that  they  can  be  used  in  perfumery  in 
place  of  the  natural  product. 

Of  the  many  varieties,  the  most  important  is  musk  Baur,  which  consists  either 
/CH,  /(CH3), 

of  trinitrobutyltoluol,  C.H<^  C.Hg    ,  or  trinitrobutylxylol,  Cg^  C^Hg    . 

^(N03)3  ^(NOa),        . 

These  are  made  by  preparing  the  appropriate  butyl  compound  by  treatmg  toluene 
or  xylene  with  butyl  bromide  in  the  presence  of  alummum  chloride,  and  then  treating 
the  DUtyl  compound  with  nitric  acid. 

Musk  Bavir  occurs  in  white  crystals,  soluble  in  200  parts  alcohol,  and  this  satur- 
ated alcoholic  solution  has  perfume  strength  about  equivalent  to  the  oflBcial  (5  per 
cent.)  tincture  of  musk. 

Too  much  stress  cannot  be  laid  on  the  fact  that  the  similarity  in  odor  is  purely 
accidental,  and  that  under  no  circumstances  can  the  artificial  be  used  for  the  natural 
musk  in  medicine. 
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CHAPTER   XLVII 

VOLATILE  OILS  AND  VOLATILE  OIL  DRUGS 

A  LARGE  number  of  volatile  oils  and  drugs  depending  for  their 
activity  upon  volatile  oils  are  recognized  by  the  pharmacopoeia,  and 
these  we  will  study  in  the  following  order: 

I.  Official  volatile  oils  obtained  from  unofficial  drugs. 

II.  Official  drugs  containing  volatile  oil. 

III.  Official  drugs  containing  volatile  oil  and  resin. 

IV.  Official  drugs  containing  volatile  oil  and  bitter  principle. 
V.  Official  oleoresins. 

VI.  Official  balsams. 

Official  volatile  oils  not  considered  in  the  first  group  will  be  studied 
under  the  drug  whence  they  are  derived. 

OFFICIAL  VOLATILE  OILS  OBTAINED  FROM  UNOFFICIAL  DRUGS 

The  chemistry  of  volatile  oils  has  been  studied  on  p.  805,  but 
before  taking  up  the  individual  members  of  the  group  a  few  words  as 
to  the  physical  difference  between  fixed  and  volatile  oils  may  be 
advisable.  The  general  test  for  distinction — in  fact,  expressed  in  the 
names  "fixed"  and  "volatile" — was  touched  upon  in  discussing 
fixed  oils  (p.  723). 

Drop  some  of  the  liquid  on  a  piece  of  paper,  and  warm  the  stain 
over  a  lamp;  if  a  volatile  oil,  the  stain  disappears;  if  a  fixed  oil,  it 
remains. 

A  very  homely  test  is  the  behavior  of  a  glass  stopper  toward 
fixed  and  volatile  oils.  The  ground-glass  stopper  of  a  bottle  containing 
a  fixed  oil  rotates  easily  and  quietly  in  the  neck,  whereas  a  volatile 
oil  stopper,  when  twisted  in  the  neck,  makes  a  squeaking  noise  under 
the  operation. 

The  separation  of  volatile  oils  from  their  original  sources  varies 
according  to  the  nature  of  oil,  the  character  of  the  plant  part  whence 
derived,  and  other  considerations.  The  methods  can,  however,  be 
roughly  classified  into  the  following  groups: 

I.  Distillation  vyith  Water. — In  this  case  the  drug  is  placed  in  a 
still  with  cold  water,  care  being  taken  to  prevent  the  drug  from 
touching  the  bottom  of  the  still,  for  if  so  exposed,  the  plant  part  is 
apt  to  scorch,  thus  vitiating  the  odor  of  the  distillate  (p.  102).  The 
water  is  then  slowly  and  carefully  heated,  and  as  it  distils  it  carries 
over  with  it  the  volatile  oil  found  in  the  plant.  This  is  the  process 
by  which  most  crude  oils  are  distilled  in  their  native  home,  especially 
those  distilled  in  the  Orient.     Example,  oil  of  cajuput. 

II.  Distillation  with  Steam. — This  process  has  already  been  fully 
described  (p.  103),  hence  it  is  merely  necessary  to  say  that  it  is 
employed  in  place  of  distillation  with  water  by  all  progressive  dis- 
tillers of  oils  produced  in  Europe  and  America.  This  is  the  way  that 
oil  of  peppermint  is  now  obtained  in  Michigan. 

III.  Distillation  Alone. — This  process  is  applied  in  the  case  of 
some  crude  cheap  oils,  such  as  the  manufacture  of  oil  of  turpentine 
from  its  oleoresin,  which  is  placed  in  a  still  and  cautiously  heated 
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until  all  the  oil  passes  over.  The  residue  in  the  still  in  the  case 
considered  constitutes  official  rosin.  Even  in  the  case  of  oil  of  tur- 
pentine, some  distillers  introduce  a  small  stream  of  water  into  the 
distilling  mass  to  lessen  the  danger  of  scorching. 

IV.  Destructive  Distillation. — The  so-called  oils  obtained  by  this 
process,  which  has  already  been  described  on  p.  103,  are  in  truth 
tarry  products,  and  no  longer  classed  among  the  true  oils.  An 
example  of  these  is  the  official  oil  of  cade. 

V.  Vacuum  Distillation. — This  process,  described  on  p.  104,  is 
practically  never  used  in  obtaining  a  crude  oil  from  its  plant  sources, 
but  is  used  largely  in  refining  crude  oils. 

VI.  Expression. — The  oils  from  the  rind  of  the  fruits  of  the  Citrus 
family — lemon,  orange,  bergamot,  etc. — reside  in  the  outer  layer  of 
cells,  hence  can  be  obtained  by  expression.  This  process  is  used  in 
these  cases  because'  the  distillation  of  the  rind  yields  an  inferior  oil. 
The  extraction  of  the  oil  is  accomplished  either  by  pressing  the  quarter 
or  half  fruit  against  a  sponge,  which  is  eventually  expressed  into  the 
container,  or  by  the  use  of  a  complicated  machine  which  ruptures  the 
oil-cells  by  scraping,  and  then  pressing  the  broken  cells  against  sponges. 
This  machine  works  well  only  with  the  round  fruits,  orange  and  ber- 
gamot, being  useless  in  the  case  of  lemon. 

The  ecuelle  a  piquer  is  a  hollow  bowl  disk  studded  with  needles 
on  its  concave  side,  and  provided  with  a  hollow  handle  which  collects 
the  oil  separated  from  the  rind  by  the  pricking  of  needles  when  the 
instrument  is  revolved  against  the  fruit.  It  is  not  used  much  at 
present. 

VII.  Enfleurage. — This  method  is  employed  in  removing  from 
flowers  odors  too  subtle  to  stand  distillation  and  too  scarce  to  permit 
of  expression.  Briefly  explained,  the  process  consists  of  bringing  the 
fresh  flowers  in  contact  with  lard  made  odorless  by  prolonged  washing 
with  water.  The  lard  is  spread  on  glass  plates  in  thin  layers,  and 
thereon  are  thrown  the  flowers,  usually  prevented  from  direct  contact 
with  the  lard  by  having  wire  netting  interposed.  When  the  flowers 
wither,  new  ones  are  spread  on  the  netting,  and  the  batches  are  renewed 
until  the  lard  has  the  sufficient  amount  of  odor.  Such  odorous  lard 
is  called  a  pomade,  the  qualifying  phrases  triple  and  quadruple  meaning 
that  the  lard  has  been  impregnated  with  the  odor  of  three  or  four 
times  its  weight  of  flowers  respectively.  The  pomades  are  usually 
made  direct  into  perfume  by  mixing  the  lard  with  cologne  spirit 
(p.  655),  which  dissolves  the  perfume,  but  not  the  fat.  The  latter  is 
then  separated  by  filtration.  The  filtrate  forms  the  perfumer's 
extract,  the  standard  strength  of  which  is  the  filtrate  from  a  mixture 
of  1  kilo  of  pomade  and  1250  Cc.  cologne  spirit.  While  the  odorous 
principles  of  flowers  are  known  to  be  volatile  oils,  only  recently  have 
efforts  been  made  to  isolate  the  oil,  perfumers  finding  that  the  extracts 
above  described  answered  their  purpose.  The  volatile  oil  of  jasmin 
has,  however,  been  isolated  by  Verley  by  shaking  the  pomade  with 
liquid  petrolatum,  which  absorbs  the  oil,  and  extracting  the  latter 
from  its  petroleum  solution  by  shaking  with  acetone. 

VIII.  Percolation. — Of  late,  perfume  chemists  have  been  extracting 
floral  volatile  oils  more  or  less  associated  with  solid  fats  by  percolating 
the  flowers  with  low-boiling  solvents,  such  as  methyl  chloride.     It  is 
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beyond  the  limits  of  this  work  to  give  more  than  this  brief  statement 
as  to  extraction  of  volatile  oils,  and  for  further  details  the  reader  is 
referred  to  the  books  on  volatile  oils  and  perfumes  cited  in  the  intro- 
duction (see  Preface). 

OLEUM   CAJUPUTI.     Oil  of  Cajuput. 

A  volatile  oil  distilled  from  the  fresh  leaves  and  twigs  of  Melaleuca  Leucadendron 
Linne  (Fam.  Myrtaceoe),  yielding,  when  assayed  by  the  process  given  on  p.  826,  not 
less  than  55  per  cent.,  by  volume,  of  cineol.  It  should  be  kept  in  weU-stoppered, 
amber-colored  bottles,  in  a  cool  place. 

A  thin,  colorless  or  greenish  liquid,  having  a  peculiar,  agreeable,  distinctly 
camphoraceous  odor,  and  an  aromatic,  slightly  bitter  taste. 

Specific  gravity:  0.915  to  0.925  at  25°  C.  (77°  F.). 

It  is  miscible  with  alcohol  in  all  proportions,  also  soluble  in  1  part  of  80  per  cent, 
alcohol.     The  alcohohc  solution  should  be  neutral. 

Oil  of  Cajuput  is  laevogyrate;  the  angle  of  rotation  should  not  exceed  — 2°  in 
a  100-Mm.  tube,  at  a  temperature  of  25°  C.  (77°  F.). 

Tests  for  Identity. — Given  above. 

Impurities. — Copper.     Details  in  Part  V. 

Assay  for  Cineol. — Details  given  under  Oil  of  Eucalyptus  (p.  820). 

Composition. — Cineol  (p.  815),  55  per  cent.,  a  solid  terpineol, 
small  amount  of  terpenes,  aldehydes,  etc. 

Remarks. — The  green  color  of  most  cajuput  oil  is  due  to  the  copper 
absorbed  from  the  still. 

Medical  Properties. — Stimulant  and  rubefacient. 

Dose. — 5  Cc.  (8  minims). 

OLEUM   CHENOPODIL     Oil  of  Chenopodium. 

A  volatile  oil  distilled  from  Chenopodium  anthelminticum  Linn4  (Fam.  Cheno- 
podiacece).  It  should  be  kept  in  well-stoppered,  amber-colored  bottles,  in  a  cool 
place,  protected  from  light. 

A  thin,  colorless  or  yellow  liquid,  having  a  peculiar,  penetrating,  somewhat 
camphoraceous  odor,  and  a  pungent  and  slightly  bitter  taste. 

Specific  gravity:  about  0.965  to  0.985  at  25°  C.  (77°  F.). 

It  should  be  soluble  in  5  volumes  of  70  per  cent,  alcohol. 

It  is  Isevogyrate;  the  angle  of  rotation  should  not  exceed  — 5°  in  a  100-Mm. 
tube,  at  a  temperature  of  25°  C.  (77°  F.). 

Tests  for  Identity. — Given  above. 

Composition. — A  terpene,   CioHig,  liquid  substance,  CjoHigO. 

Remarks. — The  "angle  of  rotation,"  mentioned  in  the  official 
definition  given  above,  refers  to  the  deflection  of  the  ray  of  light  when 
passing  through  100  millimeters  of  the  oil  contained  in  the  tube  of 
a  polarizing  apparatus  (p.  684).  Explanatory  of  the  measurement  of 
the  angle  in  this  case  (  —  5°),  it  may  be  stated  that  the  minus  sign 
means  a  rotation  to  the  left  (Isevogyrate),  while  the  5°  of  rotation  is 
based  on  the  standard  360°  of  the  circle.  If  the  substance  rotated 
the  ray  of  light  5°  to  the  right,  it  would  be  expressed  "  -F5°." 

This  statement  as  to  the  angle  of  rotation  is  here  given  not  only 
to  explain  this  particular  case,  but  also  })ecause  similar  data  are  given 
regarding  many  of  the  oils  of  the  present  pharmacopoeia. 

Medical  Properties. — Anthelmintic,  usually  administered  mixed 
with  castor  oil. 

Dose. — 0.2  Cc.  (3  minims). 
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Chenopoditun,  or  American  wormseed,  was  official  in  the  pharmacopoeia  of 
1890,  but  was  dropped  in  the  last  revision.  Its  only  important  constituent  is  the  oil 
described  above. 

OLEUM  ERIGERONTIS.     OU  of  Erigeron. 

A  volatile  oil  distilled  from  the  fresh  flowering  herb  of  Erigeron  canadensis 
Linn6  (Fam.  Compositce).  It  should  be  kept  in  well-stoppered,  amber-colored 
bottles,  in  a  cool  place,  protected  from  light. 

A  pale  yellow,  hmpid  Uquid,  rapidly  becoming  darker  and  thicker  by  age  and 
exposure  to  the  air,  having  a  peculiar,  aromatic,  persistent  odor,  and  an  aromatic, 
slightly  pungent  taste. 

Specific  gravity:  0.845  to  0.865  at  25°  C.  (77°  F.). 

Soluble  in  an  equal  volume  of  alcohol  (distinction  from  oil  of  fireweed  derived  from 
Erechthites  hieracifolia  Rafinesque  (Fam.  Compositce)  and  from  oil  of  turpentine). 

It  is  dextrogyrate,  the  angle  of  rotation  being  about  +50°  in  a  100-Mm.  tube, 
at  a  temperature  of  25°-  C.  (77°  F.). 

Tests  for  Identity  — Given  above. 

Impurities. — Oil  of  fireweed  and  oil  of  turpentine.     Details  above. 

Composition. — Dextrogyrate,  limonene,  etc. 

Medical  Properties. — Hemostatic  and  stimulant. 

Dose. — 1  Cc.  (15  minims). 

QLEUM  JUNIPERI.     Oil  of  Juniper. 

A  volatile  oil  distilled  from  the  fruit  of  Juniperus  communis  Linn6  (Fam.  Coni- 
fer m).  It  should  be  kept  in  well-stoppered,  amber-colored  bottles,  in  a  cool  place, 
protected  from  Ught. 

A  colorless,  faintly  green  or  yellow  liquid,  having  the  characteristic  odor  of 
juniper,  and  a  warm,  aromatic,  somewhat  terebinthinate  and  slightly  bitter  taste. 

Specific  gravity:  0.860  to  0.880  at  25°  C.  (77°  F.). 

Soluble  in  10  volumes  of  90  per  cent,  alcohol. 

Tests  for  Identity. — Given  above. 

Composition. — Pinene,  cadinene,  etc. 

Medical  Properties. — Stimulant,  diuretic.  Gin  (p.  180)  is  an 
alcoholic  solution  of  this  oil  prepared  by  distilling  fermented  juniper 
berries,  and  is  simulated  in  the  official  compound  spirit  of  juniper 
(p.  179).     The  simple  spirit  of  juniper  (p.  179)  is  also  official. 

Dose.— Of  oil,  0.2  Cc.  (3  minims). 

Juniper  berries,  the  fruit  from  which  the  above  oil  is  derived,  was  official  imtil 
the  revision  of  1890.     It  is  a  popular  domestic  diuretic. 

OLEUM  LAVANDULAE   FLORUM.     OU  of  Lavender  Flowers. 

A  volatile  oil  distilled  from  the  fresh  flowering  tops  of  Lavandula  officinalis 
Chaix  (Fam.  Labiatoe).  It  should  be  kept  in  amber-colored,  well-stoppered  bottles, 
in  a  cool  place,  protected  from  light. 

A  colorless  or  yellow  liquid,  having  the  fragrant  odor  of  lavender  flowers,  and  a 
pvmgent  and  shghtly  bitter  taste. 

Specific  gravity:  0.880  to  0.892  at  25°  C.  (77°  F.). 

It  is  soliible  in  3  parts  of  70  per  cent,  alcohol. 

When  the  oil  is  shaken  with  water  in  a  narrow  graduated  cylinder,  its  volume 
should  not  be  diminished  (absence  of  alcohol). 

Tests  for  Identity. — Given  above. 
Impurities. — Alcohol.     Details  above. 
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Composition. — Lsevogyrate  linalyl  acetate,  30  to  45  per  cent.; 
geraniol,  some  terpenes,  etc. 

Remarks. — Oil  of  spike  is  a  crude  oil  of  lavander,  made  by  dis- 
tilling the  lavender  herb. 

Medical  Properties. — Stimulant.  Used  mostly  as  perfume.  Offi- 
cial preparations:  Spirit  of  lavender  (p.  180)  and  compound  tincture 
of  lavender  (p.  230).  A  constituent  of  aromatic  spirit  of  ammonia 
(p.  490). 

Dose. — 0.2  Cc.  (3  minims). 

OLEUM   ROS^.     Oil  of  Rose. 

A  volatile  oil  distilled  from  the  fresh  flowers  of  Rosa  damascena  Mueller  (Fam. 
Rosacece),  having,  when  assayed  by  the  process  given  on  p.  1043,  a  saponification  value 
of  not  less  than  10  nor  more  than  17.  It  should  be  kept  in  well-stoppered,  amber- 
colored  vials,  in  a  cool  place,  protected  from  light.  When  dispensed,  it  should  be 
completely  liquefied  by  warming,  if  necessary,  and  well  mixed  by  agitation. 

A  pale  yellowish,  transparent  liquid,  having  the  strong,  fragrant  odor  of  rose, 
and  a  mild,  slightly  sweetish  taste. 

Specific  gravity:  0.855  to  0.865  at  25°  C.  (77°  F.). 

The  addition  of  70  per  cent,  alcohol  precipitates  the  paraffin  hydrocarbons  of  the 
Oil,  but  forms  a  clear  solution  with  its  other  constituents,  the  solution  being  slightly 
acid  to  litmus  T.S. 

The  congealing  point,  when  determined  according  to  the  following  method, 
should  be  between  18°  and  22°  C.  (64.4°  and  71.6°  F.). 

Introduce  about  10  Cc.  of  Oil  into  a  test-tube  of  about  15-Mm.  diameter;  insert 
a  thermometer  in  such  a  manner  that  it  touches  neither  the  bottom  nor  the  sides  of 
the  tube.  Raise  the  temperature  of  the  Oil  in  the  tube  from  4°  to  5°  above  the 
saturation  point  by  grasping  it  in  the  hand,  and  shake  the  tube  gently.  Allow  the 
Oil  to  cool,  and  when  the  first  crystals  appear,  note  the  temperature.  This  is  re- 
garded as  the  congealing  point;  a  second  test  should  be  made  for  confirmation. 

Composition. — Liquid  portion  consists  of  geraniol  (p.  810),  70  per 
cent.;  citronellol,  20  per  cent.  (p.  810);  esters,  2.5  to  3.5  per  cent. 
Stearopten  is  a  mixture  of  paraffin  hydrocarbons. 

Remarks. — As  shown  in  the  official  description,  oil  of  rose  consists 
of  an  eleoptene  which  contains  the  odorous  principles,  and  an  odorless 
stearoptene.  The  pure  oil  is  very  expensive,  since  it  requires  3000 
kilos  of  fresh  petals  to  yield  one  kilo  of  oil;  hence  the  commercial 
article  is  grossly  adulterated — at  place  of  distillation  in  Bulgaria — 
with  palmarosa  oil  (Turkish  geranium  oil),  and  in  the  open  market 
with  a  host  of  other  substances. 

As  these  adulterants  contain  no  stearopten,  the  congealing  point 
test  of  the  pharmacopoeia  is  aimed  to  distinguish  the  pure  oil  from 
adulterated  specimens,  but  as  the  spermaceti  is  added  to  sophisticated 
oils  to  make  up  for  the  lack  of  the  true  stearopten,  the  test  loses 
some  of  its  value.  As  palmarosa  oil  consists  largely  of  geraniol,  assays 
for  that  body  have  no  value  in  determining  purity  of  rose  oil;  hence 
chemists  rely  chiefly  on  the  saponification  figures  as  outlined  in  the 
official  definition  given  above.  The  saponification  assay  will  be  left 
for  consideration  under  volumetric  analysis  (p.  1043),  so  here  it  will 
be  mentioned  that  it  is  the  esters  of  the  oil  which  are  saponified 
(see  p.  737),  and  that  the  amount  of  these  is  much  smaller  than  the 
amount  found  in  palmarosa  oil.  Thus,  while  the  saponification  num- 
ber of  oil  of  rose  is  10  to  17,  that  of  palmarosa  oil  is  30  to  50. 

Medical  Properities. — Used  as  a  perfume. 
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OLEUM   ROSMARINI.     Oil  of  Rosemary. 

A  volatile  oil  distilled  from  the  fresh  flowering  tops  of  Rosmarinus  officinalis 
Linn6  (Fam.  Labiatce),  yielding,  when  assayed  by  the  process  given  on  p.  1044,  not  less 
than  2.5  per  cent,  of  ester,  calculated  as  bornyl  acetate,  and  not  less  than  10  per  cent, 
of  total  borneol.  It  should  be  kept  in  well-stoppered,  amber-colored  bottles,  in  a 
cool  place,  protected  from  light. 

A  colorless  or  pale  yellow,  limpid  liquid,  having  the  characteristic,  pungent  odor 
of  rosemary,  and  a  warm,  somewhat  camphoraceous  taste. 

Specific  gravity:  0.894  to  0.912  at  25°  C.  (77°  F.). 

The  Oil  should  be  dextrogyrate,  the  angle  of  rotation  being  not  more  than  +15° 
in  a  100-Mm.  tube,  at  a  temperature  of  25°  C.  (77°  F.).  The  first  10  per  cent,  obtained 
by  a  fractional  distillation  should  also  be  dextrogyrate. 

Soluble  in  about  one-half  volume  or  more  of  90  per  cent,  alcohol;  also  in  2  to  10 
volumes  of  80  per  cent,  alcohol. 

Tests  for  Identity. — Given  above. 

Assay. — Details  in  Part  V. 

Composition. — Pinene,  camphene,  cineol,  camphor,  borneol,  esters, 
etc. 

Remarks. — It  will  be  seen  from  the  official  definition  that  the 
official  oil  must  contain  2.5  per  cent,  of  ester  and  10  per  cent,  borneol. 
The  ester  estimation  is  by  saponification  number,  while  the  borneol 
is  assayed  by  means  of  the  acetylization  test.  These  latter,  like  the 
saponification  test,  will  be  explained  in  chapter  on  Volumetric  Analysis 
(p.  1044). 

Medical  Properties. — Carminative. 

Dose. — 0.2  Cc.  (3  minims). 

OLEUM   SANTALL     OU  of  Santal. 

A  volatile  oil  distilled  from  the  wood  of  Santalum  album  Linn6  (Fam.  Santalaceoe), 
yielding,  when  assayed  by  the  process  given  on  p.  1044,  not  less  than  90  per  cent,  of 
alcohols,  calculated  as  santalol.  It  should  be  kept  in  well-stoppered,  amber-colored 
bottles,  in  a  cool  place,  protected  from  light. 

A  pale  yellow,  somewhat  thick  liquid,  having  a  peculiar,  aromatic  odor,  and  a 
pungent,  spicy  taste. 

Specific  gravity:  0.965  to  0.975  at  25°  C.  (77°  F.). 

The  Oil  is  Isevogyrate;  its  angle  of  rotation  should  be  not  less  than  — 16°  nor 
more  than  —20°  in  a  100-Mm.  tube,  at  a  temperature  of  25°  C.  (77°  F.)  (absence  of 
other  varieties  of  sandalwood  oil,  etc.). 

Readily  soluble  in  alcohol,  the  solution  being  slightly  acid  to  blue  litmus-paper. 
It  is  soluble  in  5  volumes  of  70  per  cent,  alcohol. 

Tests  for  Identity. — Given  above. 

Impurities. — Other  sandalwood  oils.  Details  above.  Chlorinated 
products.     Details  under  Benzaldehyde. 

Assay  for  Santalol. — Details  in  Part  V. 

Composition. — Santalol,  C15H25OH;  santalal,  C15H24O,  an  aldehyde; 
esters. 

Remarks. — It  will  be  noted  that  this  oil  comes  from  a  different 
source  than  the  official  red  saunders. 

Medical  Properties. — Antiseptic  in  gonorrhea. 

Dose. — 0.5  Cc.  (8  minims). 

OLEUM   THYML     Oil  of  Thyme. 

A  volatile  oil  distilled  from  the  leaves  and  flowering  tops  of  Thymus  vulgaris 
Linn6  (Fam.  Labiatce),  and  containing,  when  assayed  by  the  process  given  below, 
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not  less  than  20  per  cent.,  by  volume,  of  phenols.  It  should  be  kept  in  well-stoppered, 
amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

A  colorless  liquid,  having  a  strong  odor  of  thyme,  and  an  aromatic,  pungent, 
afterward  cooling  taste. 

Specific  gravity:  0.900  to  0.930  at  25°  C.  (77°  F.). 

It  is  slightly  laevogyrate;  not  more  than  — 3°  in  a  100-Mm.  tube,  at  a  temperature 
of  25°  C.  (77°  F.). 

Oil  of  Thyme  is  soluble  in  half  its  volume  of  alcohol,  also  in  1  to  2  volumes  of 
80  per  cent,  alcohol. 

With  a  drop  of  ferric  chloride  T.S.  it  yields  a  greenish-brown  color,  which  changes 
to  reddish. 

If  1  Cc.  of  Oil  of  Thyme  be  shaken  with  10  Cc.  of  hot  water,  and,  after  cooling, 
the  liquid  be  passed  through  a  wet  filter,  the  filtrate  should  not  assume,  with  a  drop 
of  ferric  chloride  T.S.,  a  bluish  or  violet  color  (absence  of  official  phenol). 

Assay 

Introduce  20  Cc.  of  solution  of  sodium  hydroxide  (1  in  20)  into  a  burette  of  50-Cc. 
capacity  (graduated  in  tenths).  Add  10  Cc.  of  the  Oil  to  be  assayed,  stopper  the 
burette  with  a  well-fitting  cork,  shake  the  mixture  thoroughly,  and  set  aside  for 
twelve  to  twenty-four  hours.  Drops  of  Oil  adhering  to  the  side  of  the  burette  should 
be  loosened  by  tapping  and  rotating  the  burette.  After  the  alkaline  solution  has 
become  clear,  the  volume  of  non-phenol  oil  remaining  (which  should  measure  not 
more  than  8  Cc.)  is  noted  and  subtracted  from  the  10  Cc.  of  the  Oil  originally  taken. 
The  difference,  multiplied  by  10,  indicates  the  percentage  of  phenols  in  the  OH. 

Tests  for  Identity. — Given  above. 

Impurity. — Phenol.     Details  above. 

Assay. — Details  above. 

Composition. — Thymol,  cumene,  Isevogyrate  pinene,  borneol, 
linalol,  carvacrol,  etc. 

Remarks. — The  valuation  of  oil  of  thyme  is  based  by  the  U.  S.  P. 
VIII.  on  the  phenol  content,  which  should  be  at  least  20  per  cent. 
The  assay  given  above  depends  on  the  fact  that  the  phenols,  when 
treated  with  alkali,  saponify  and  become  soluble  in  water.  Thus, 
from  what  was  originally  10  Cc.  of  water-insoluble  oil,  2  Cc.  become 
soluble  through  action  of  alkali,  leaving  8  Cc.  of  water-insoluble  resi- 
due. 

Medical  Properties. — Carminative  and  antiseptic.  Used  in  com- 
pound antiseptic  solution,  U.  S.  P.  (p.  184). 

Dose. — 0.2  Cc.  (3  minims). 

VOLATILE  OIL  DRUGS 
VALERIANA.     Valerian. 

The  dried  rhizome  and  roots  of  Valeriana  officinalis  Linn6  (Fam.  Valerianacece). 

Constituents. — Volatile  oil,  resin,  acids,  etc. 

The  volatile  oil  is  composed  of  the  terpenes,  camphene  and  pinene; 
borneol  esters,  chiefly  the  valerianate,  9.5  per  cent.,  and  several 
other  bodies.  It  is  now  thought  that  all  the  valerianic  acid  present 
is  in  the  form  of  the  ester  above  mentioned. 

Medical  Properties. — Sedative  in  hysteria.  Administered  as  fluid- 
extract,  U.  S.  P.  (p.  246),  tincture,  U.  S.  P.  (p.  237),  and  the  ammo- 
niated  tincture,  U.  S.  P.  (p.  237).  The  valerianates,  especially  ammo- 
nium valerianate,  are  popular,  the  unofficial  elixir  of  the  latter  being 
largely  employed. 

Dose. — Of  drug,  2  Gm.  (30  grains). 


VOLATILE   OILS   AND   VOLATILE   OIL  DRUGS  823 

VIBURNUM  OPULUS.     Viburnum  Opulus.     Cramp  Bark. 

The  dried  bark  of  Viburnum  Opulus  Linn6  (Fam.  Caprifoliaceoe). 

VIBURNUM  PRUNIFOLIUM.     Viburnum  Prunifolium.    Black  Haw. 

The  dried  bark  of  the  root  of  Viburnum  prunifolium  Linn6,  or  of  Viburnum 
Lentago  Linne  (Fam.  Caprifoliaceoe). 

Constituents, — Both  contain  valerianic  acid  and  bitter,  resinous 
principles,  one  of  the  latter  found  in  both  drugs  called  viburnin. 

Remarks. — These  two  barks  are  placed  in  this  chapter  merely 
for  the  lack  of  a  better  position.  If  they  possess  any  medicinal 
activity,  it  is  due  to  the  valerianic  acid  they  contain,  hence  they  can 
best  be  considered  along  with  valerian.  Bear  in  mind,  however, 
that  neither  driig  contains  volatile  oil,  hence  their  study  in  this  chapter 
is,  to  a  certain  extent,  inconsistent  and  possibly  misleading. 

Medical  Properties. — Both  drugs  are  popularly  esteemed  as  ner- 
vines, especially  in  internal  disorders;  having  been  of  late  largely 
advertised  among  physicians,  through  the  exploiting  of  a  proprietary 
prescription.  A  similar  preparation  is  found  in  the  National  For- 
mulary— Compound  Elixir  of  Viburnum  Opulus,  N.  F.  The  present 
pharmacopoeia  recognizes  the  fluidextract  (p.  247)  of  each  drug. 

Dose. — Of  each  drug,  2  Gm.  (30  grains). 

SASSAFRAS.    Sassafras. 

The  dried  bark  of  the  root  of  Sassafras  variifolium  (Salisbury)  O.  Kuntze  (Syn. 
Sassafras  Sassafras  (Linn6)  Karsten)  (Fam.  Lauracece),  collected  in  early  spring  or 
autumn,  and  deprived  of  the  periderm. 

Constituents. — Volatile  oil,  7  per  cent.;  resin,  a  tannin-like  body 
called  sassafrid,  tannic  acid,  etc. 

Medical  Properties. — Carminative,  diaphoretic   (as  hot  infusion). 
Dose.— 8  Gm.  (120  grains). 

OLEUM  SASSAFRAS.     Oil  of  Sassafras. 

A  volatile  oil  distilled  from  the  root,  especially  the  root  bark,  of  Sassafras  varii- 
folium (Fam.  Lauracece).  It  should  be  kept  in  well-stoppered,  amber-colored  bottles, 
in  a  cool  place,  protected  from  light. 

A  yellow  or  reddish-yellow  liquid,  having  the  characteristic  odor  of  sassafras, 
and  a  warm,  aromatic  taste. 

Specific  gravity:  1.065  to  1.075  at  25"  C.  (77°  F.). 

Tne  Oil  is  dextrogyrate,  but  should  not  deviate  the  ray  of  polarized  light  more 
than  -1-4°  in  a  100-Mm.  tube,  at  a  temperature  of  25°  C.  (77°  F.). 

Soluble  in  all  proportions  in  90  per  cent,  alcohol,  the  solution  being  neutral  to 
litmus-paper. 

Composition. — Safrol,  80  per  cent.;  pinene  and  phellandrene, 
10  per  cent.;  dextrogyrate  camphor,  6.8  per  cent.;  eugenol,  sesqui- 
terpenes, etc. 

Remarks. — Note  that  safrol  is  recognized  by  the  present  pharma- 
copoeia (see  p.  798). 

Medical  Properties. — Stimulant  and  carminative.  Used  largely 
in  liniments. 

Dose. — 0.2  Cc.  (3  minims). 
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CINNAMOMUM   SAIGONICUM.     Saigon  Cinnamon. 

The  bark  of  an  undetermined  species  of  Cinnamomum  (Fam.  Lauracece). 

CINNAMOMUM   ZEYLANICUM.     Ceylon  Cinnamon. 

The  inner  bark  of  the  shoots  of  Cinnamomum  zeylanicum  Breyne  (Fam.  Lauracece) 

Constituents. — Both  barks  contain  volatile  oil,  mucilage,  only 
traces  of  starch,  etc. 

Remarks. — These  two  barks  are  similar  in  properties,  but  widely 
different  in  appearance,  Saigon  cinnamon  being  in  pieces  not  unlike 
ordinary  barks  of  same  sizes;  while  Ceylon  cinnamon,  which  is  the 
inner  bark,  is  as  thin  as  paper,  and  comes  in  tightly  rolled  quills. 
The  oil  from  these  two  barks  is  not  identical  with  the  official  oil. 

Official  preparations  (all  from  the  Saigon  bark) :  Tincture  cinnamon, 
compound  tincture  of  cardamom,  compound  tincture  of  gambir,  compound 
tincture  of  lavender,  aromatic  tincture  of  rhubarb,  and  aromatic  powder. 

Medical  Properties. — Carminative,  flavor. 

Dose. — Of  each  bark,  250  milligrammes  (4  grains). 

Cassia  cinnamon,  the  bark  of  Cinnamomum,  Cassia,  was  recognized  by  the 
pharmacopoeia  of  1890,  but  was  dropped  in  the  last  revision. 

OLEUM   CINNAMOMI.     Oil  of  Cinnamon.     Oil  of  Cassia. 

A  volatile  oil  distilled  from  Cassia  Cinnamon  (Fam.  Lauracece),  yielding,  when 
assayed  by  the  process  given  below,  not  less  than  75  per  cent.,  by  volume,  of  cinnamic 
aldehyde.  It  should  be  kept  in  well-stoppered,  amber-colored  bottles,  in  a  cool  place, 
protected  from  light. 

A  yellowish  or  brownish  liquid,  becoming  darker  and  thicker  by  age  and  exposure 
to  the  air,  having  the  characteristic  odor  of  cinnamon,  and  a  sweetish,  spicy,  and 
burning  taste. 

Specific  gravity:  1.045  to  1.055  at  25°  C.  (77°  F.).  The  Oil  (or  if  it  be  dark,  its 
distillate)  should  be  optically  almost  inactive;  it  should  not  be  more  than  one  degree 
dextrogyrate  or  Isevogyrate  when  viewed  through  a  100-Mm.  tube. 

Soluble  in  2  volumes  of  70  per  cent,  alcohol. 

When  shaken  with  a  saturated  solution  of  sodium  bisulphite,  it  solidifies  to  a 
crystalline  mass. 

If  4  drops  of  the  Oil,  contained  in  a  test-tube,  be  cooled  to  0°  C.  (32°  F.),  and 
then  shaken  with  4  drops  of  fuming  nitric  acid,  crystalline  needles  or  plates  will  be 
formed. 

If  a  portion  of  the  oil  be  shaken  with  hydrogen  sulphide  T.S.,  it  should  not  assume 
a  dark  color  (absence  of  lead  and  copper). 

If  1  Cc.  of  the  Oil  be  mixed  with  3  Cc.  of  a  mixture  of  3  volumes  of  alcohol  and  1 
volume  of  water,  a  clear  solution  should  result;  and  if  to  this  solution  there  be  gradu- 
ally added  2  Cc.  of  a  saturated  solution  of  lead  acetate  in  a  mixture  of  3  volumes  of 
alcohol  and  1  volume  of  water,  no  precipitate  should  be  produced  (absence  of  petro- 
leum and  of  rosin). 

Assay  for  Cinnamic  Aldehyde 

Introduce  into  a  flask  with  a  long  graduated  neck  (cassia-flask),  by  means  of 
a  measuring  pipette,  10  Cc.  of  the  Oil  of  Cinnamon,  add  10  Cc.  of  a  30  per  cent, 
solution  of  sodium  bisulphite,  shake  the  flask,  and  heat  it  in  a  water-bath  containing 
boiling  water  until  the  contents  are  liquefied;  add  successive  portions  (10  Cc.  each) 
of  the  bisulphite  solution,  shaking  and  heating  as  before,  after  each  addition,  until 
the  flask  is  three-fourths  filled.  Continue  to  heat  it  in  the  water-bath  until  the  odor 
of  cinnamic  aldehyde  is  no  longer  perceptible,  cool  the  flask  to  about  25°  C.  (77°  F.), 
and  add  enough  of  the  bisulphite  solution  to  raise  the  lower  limit  of  the  oily  layer  to 
the  zero  mark  of  the  scale.  The  residual  liquid  should  not  measure  more  than  2.5  Cc, 
corresponding  to  at  least  75  per  cent.,  by  volume,  of  cinnamic  aldehyde. 
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Tests  for  Identity. — Given  above. 

Impurities. — Lead,  copper,  petroleum,  rosin.     Details  above. 

Assay. — Details  above. 

Composition. — Cinnamic  aldehyde,  75  per  cent.;  methyl-ortho- 
cumaric  aldehyde,  cinnamyl  acetate,  free  cinnamic  acid,  etc. 

Remarks. — It  will  be  noted  that  the  official  definition  given  above 
does  not  specify  which  part  of  the  Cassia  cinnamon  plant  furnishes 
the  oil.  In  truth,  all  parts  yield  it,  but  the  commercial  source  is 
usually  the  leaves  and  twigs.  The  oil  is  not  identical  with  that  from 
Ceylon  cinnamon;  in  fact,  the  only  point  of  similarity  is  that  the  bulk 
of  both  oils  consists  of  cinnamic  aldehyde.  Note  that  this  body  is 
now  official  (p.  796).  Cinnamic  acid  present  in  the  oil  attacks  metals, 
and  as  the  oil  is  shipped  from  China  in  lead  containers,  that  metal 
is  apt  to  be  found  in 'the  oil;  hence  the  pharmacopoeial  test  for  lead 
and  copper  given  above. 

The  pharmacopoeial  assay  of  the  oil  given  above  is  based  on  the 
solubility  of  cinnamic  aldehyde  in  sodium  bisulphite  solution,  and 
the  method  of  procedure  is,  therefore,  similar  to  the  assay  of  the  oil 
of  thyme  (p.  822),  In  the  present  assay,  when  10  Cc.  of  the  oil  is 
warmed  with  the  bisulphite  solution,  all  the  cinnamic  aldehyde  goes 
into  solution,  leaving  the  other  constituents  of  the  oil  floating  on  top 
as  an  oily  layer.  As  the  aldehyde  should  constitute  75  per  cent,  of 
the  bulk  of  the  oil,  the  oily  residue  from  10  Cc.  of  oil  should  measure 
not  more  than  2.5  Cc.  The  operation  is  carried  on  in  a  flask  with  a 
graduated  neck  (Cassia  flask). 

Medical  Properties. — Stimulant,  rubefacient,  flavor.  Used  in 
preparing  cinnamon  water,  U.  S.  P.  (p.  179),  and  spirit  of  cinnamon, 
V.  S.  P.  (p.  173). 

Dose. — 0.05  Cc.  (1  minim). 


EUCALYPTUS.     Eucalyptus. 

The  dried  leaves  of  Eucalyptus  Globulus  Labillardiere  (Fam.  Myrtacece),  collected 
from  the  older  parts  of  the  tree. 

Constituents. — Volatile  oil,  6  per  cent.;  chlorophyll,  resin,  tannin, 
etc. 

Medical  Properties. — Stimulant,  carminative,  antiseptic.  The 
fluidextract  (p.  246)  is  official. 

Dose. — 2  Gm.  (30  grains). 


OLEUM   EUCALYPTL     Oil  of  Eucalyptus. 

A  volatile  oil  distilled  from  the  fresh  leaves  of  Eucalyptus,  rectified  by  steam 
distillation,  and  yielding,  when  assayed  by  the  process  given  below,  not  less  than  50 
per  cent.,  by  volume,  of  cineol  (eucaly ptol) .  It  should  be  kept  in  well-stoppered, 
amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

A  colorless  or  pale  yellow  liquid,  having  a  characteristic,  aromatic,  somewhat 
camphoraceous  odor,  and  a  pungent,  spicy,  and  cooling  taste. 

Specific  gravity:  0.905  to  0.925  at  25°  C.  (77°  F.). 

Soluble  in  all  proportions  in  alcohol;  also  soluble  in  3  volumes  of  70  per  cent, 
alcohol. 

Its  alcoholic  solution  should  be  neutral  to  litmus-paper. 

It  is  dextrogyrate,  the  angle  of  rotation  being  not  more  than  -I- 10°  in  a  100-Mm. 
tube,  at  a  temperature  of  25°  C.  (77°  F.). 
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If  2  Cc.  of  the  Oil  be  mixed  with  4  Cc.  of  glacial  acetic  acid,  and  3  Cc.  of  a  saturated 
aqueous  solution  of  sodium  nitrite  be  gradually  added,  the  mixture,  when  gently 
stirred,  should  not  form  crystals  of  phellandrene  nitrite  (absence  of  eucalyptus  oils 
containing  much  phellandrene). 

Assay  for  Cineol 

Introduce  into  a  beaker  a  solution  prepared  by  dissolving  10  Cc.  of  Oil  of  Euca- 
lyptus in  50  Cc.  of  purified  petroleum  benzin;  immerse  the  beaker  in  a  freezing  mixture 
and  add  phosphoric  acid,  drop  by  drop,  with  constant  stirring,  until  the  white  magma 
of  cineol  phosphate  formed  begins  to  assume  a  yellowish  or  pinkish  tint;  then  transfer 
the  magma  to  a  force  filter,  wash  it  with  cold  purified  petroleum  benzin,  and  then  dry 
it  by  pressure  between  two  porous  plates.  Transfer  the  precipitate  (cineolphosphate) 
to  a  narrow  graduated  cylinder,  and  add  warm  water,  which  wiU  cause  separation  of 
the  cineol.  The  volume,  in  cubic  centimeters,  of  the  separated  oil,  multiplied  by  10, 
represents  the  volume  per  cent,  of  cineol  (eucalyptol).  This  should  correspond  to 
the  properties  and  tests  given  under  Eucalyptol. 

Tests  for  Identity. — Given  above. 

Impurities. — Other  eucalyptus  oils,  with  much  phellandrene. 
Details  above. 

Assay  for  Cineol. — See  above. 

Composition. — Eucalyptol  (or  cineol),  50  per  cent.;  dextrogyrate 
pinene;  other  terpenes  (little  or  no  phellandrene),  etc. 

Remarks. — The  cineol  assay  given  above  is  based  on  the  formation 
of  solid  cineol  phosphate,  which  precipitates  from  benzin  solution  of 
the  oil.  The  washed  and  dried  precipitate  is  then  transferred  to  a 
graduated  cylinder  and  is  treated  with  warm  water,  when  the  cineol 
separates  as  an  oily  liquid,  and  its  volume  can  be  measured.  Ten 
cubic  centimeters  of  oil  by  this  process  should  yield  5  Cc.  of  cineol. 
Note  that  cineol  is  official  (see  Eucalyptol,  p.  814). 

Medical  Properties. — Antiseptic. 

Dose. — 0.5  Cc.  (8  minims). 

BUCHU.     Buchu. 

The  dried  leaves  of  Barosma  betulina  (Thunberg)  Bartling  and  Wendland  (Fam. 
Rutacece). 

Constituents. — Volatile  oil,  diosmin. 

Remarks. — The  volatile  oil  contains  a  stearopten,  diosphenol 
(a  phenol,  CioHigOj,  which  turns  green  black  with  ferric  chloride), 
while  the  eleoptene  consists  of  a  terpene,  CioH^g,  and  a  ketone  resem- 
bling menthone. 

Remarks. — The  most  prominent  characteristic  of  this  valuable 
drug  of  South  Africa  is  its  peculiar  and  pleasant  odor. 

Medical  Properties. — Stimulant,  diuretic.  Administered  as  infu- 
sion and  as  fluidextract,  U.  S.  P.  (p.  246). 

Dose. — 2  Gm.  (30  grains). 

HEDEOMA.     Hedeoma.     Pennyroyal. 

The  dried  leaves  and  flowering  tops  of  Hedeoma  ptUegioides  (Linn6)  Persoon 
(Fam.  Lahiatce). 

Constituents. — Volatile  oil,  etc. 

Medical  Properties. — Diaphoretic,   emmenagogue,   carminative. 

Dose.— 8  Gm.  (120  grains). 
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OLEUM  HEDEOM^.     Oil  of  Hedeoma. 

A  volatile  oil  distilled  from  the  leaves  and  flowering  tops  of  Hedeoma.     It  should 

be  kept  in  well-stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

A  pale  yellow,  limpid  liquid,  having  a  characteristic,  pungent,  mint-like  odor 

Specific  gravity:  0.920  to  0.935  at  25°  C.  (77°  F.). 

It  should  form  a  clear  solution  with  2  volumes  or  more  of  70  per  cent,  alcohol. 
It  is  dextrogyrate,  the  angle  of  rotation  varying  from  about  + 18°  to  +22°  in  a 
100-Mm.  tube,  at  a  temperature  of  25  °C.  (77°  F.). 

Tests  for  Identity. — Given  above. 
Composition. — Pulegone,  CioHigO;  two  other  ketones. 
Medical  Properties. — Emmenagogue.     As  it  is  used  as  an  aborti- 
facient,  its  sale  is  prohibited  in  many  States. 
Dose. — 0.2  Cc.  (3  minims). 

MENTHA   PIPERITA.     Peppermint. 

The  dried  leaves  and  flowering  tops  of  Mentha  piperita  Linn6  (Fam.  Lahiatce). 

Constituents. — Volatile  oil,  tannic  acid,  etc. 

Medical  Properties. — Carminative,    stimulant,    flavor.     The   herb 
is  used  to  color  the  official  spirit  of  peppermint. 
Dose. — 4  Gm.  (60  grains). 

OLEUM  MENTHA   PIPERITA.     Oil  of  Peppermint. 

A  volatile  oil  distilled  from  the  fresh  or  partly  dried  leaves  and  flowering  tops 
of  Peppermint,  rectified  by  steam  distillation,  and  yielding,  when  assayed  by  tne 
process  given  on  p.  1043,  not  less  than  6  per  cent,  of  ester,  calculated  as  menthyl  ace- 
tate, and  not  less  than  50  per  cent,  of  total  menthol  (free  and  as  ester).  It  should  be 
kept  in  well-stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

A  colorless  liquid,  having  the  characteristic  strong  odor  of  peppermint,  and  a 
strongly  aromatic,  pungent  taste,  followed  by  a  sensation  of  cold  when  air  is  drawn 
into  the  mouth. 

Specific  gravity:  0.894  to  0.914  at  25°  C.  (77°  F.). 

It  forms  a  clear  solution,  neutral  to  litmus-paper,  with  an  equal  volume  of  alco- 
hol; also  soluble  in  4  volumes  of  70  per  cent,  alcohol,  the  solution  showing  not  more 
than  a  slight  opalescence. 

It  is  laevogyrate,  the  angle  of  rotation  varying  from  — 25°  to  — 33°  in  a  100-Mm. 
tube,  at  a  temperature  of  25°  C.  (77°  F.). 

If  from  25  Cc.  of  Oil  about  1  Cc.  be  distilled  and  the  distillate  poured  on  an 
aqueous  solution  of  mercuric  chloride,  a  white  film  should  not  form  at  the  zone  of 
contact  after  a  short  time  (absence  of  dimethyl  sulphide  found  in  non-rectified  oils). 

Tests  for  Identity. — Given  above. 

Impurities. — Dimethyl  sulphide.     Details  above. 

Assay. — Details  in  Part  V. 

Composition. — Menthol,  U.  S.  P.;  methyl  acetate;  menthane  and 
fourteen  other  bodies. 

Remarks. — The  different  peppermint  oils — American,  English, 
Japanese,  German — are  not  identical  in  chemical  composition,  the 
statement  just  given  referring  to  the  American  oil.  Thus  the  Japanese 
oil  contains  70-91  per  cent,  total  menthol,  the  English  58  to  66  per 
cent.,  while  the  American  has  50  to  60  per  cent.  The  menthol  content 
was  formerly  considered  the  criterion  of  quality  of  the  oil;  hence  the 
test  provided  in  the  former  pharmacopoeias  that  a  sample  of  oil  placed 
in  freezing  mixture  should  yield  crystals  of  menthol.     Experience  has 
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shown,  however,  that  oil  of  the  best  quality  did  not  respond  to  this 
test,  which  was,  therefore,  omitted  in  the  last  revision.  The  assay 
for  menthol  (acetylization  test)  and  of  methyl  acetate  (saponification 
test)  will  be  given  under  volumetric  analysis. 

Medical  Properties. — Carminative  and  flavor.  Administered  as 
spirit,  U.  S.  P.  (p.  180).  The  oil  is  a  constituent  of  peppermint  water, 
U.  S.  P.  (p.  174)  and  of  peppermint  lozenges,  U.  S.  P.  1890. 

Dose. — 0.2  Cc.  (3  minims). 

MENTHA   VIRIDIS.     Spearmint. 

The  dried  leaves  and  flowering  tops  of  Mentha  spicata  Linn6  (Mentha  viridis 
Linne)  (Fam.  Labiatce). 

Constituents. — Volatile  oil,  resin,  etc. 

Medical  Properties. — Similar  to  peppermint.     Same  dose. 

OLEUM   MENTHA   VIRIDIS.     Oil  of  Spearmint. 

A  volatile  oil  distilled  from  the  fresh  or  partly  dried  leaves  and  flowering  tops 
of  Spearmint,  rectified  by  steam  distillation.  It  should  be  kept  in  well-stoppered, 
amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

A  colorless,  yellow,  or  greenish-yellow  liquid,  having  the  characteristic,  strong 
odor  of  spearmint,  and  a  hot,  aromatic  taste. 

Specific  gravity:  0.914  to  0.934  at  25°  C.  (77°  F.). 

With  an  equal  volume  of  80  per  cent,  alcohol  it  forms  a  clear  solution,  which  upon 
further  dilution  becomes  turbid. 

It  is  Isevogyrate,  the  angle  of  rotation  varying  from  — 35°  to  — 48°  in  a  100-Mm. 
tube,  at  a  temperature  of  25°  C.  (77°  F.). 

r  Composition. — Lsevogyre    carvone,   56   per  cent, 

terpenes  (probably  1-limonene  and  1-pinene). 
Medical  Properties. — Like  oil  of  peppermint  and 
in  same  dose. 
Spirit  of  Spearmint,  U.  S.  P.  (p.  180),   is   made 
from  the  oil  and  a  small  amount  of  the  herb. 
All  three  drugs,  hedeoma,  peppermint,  and  spear- 
mint,  are   representatives  of  the  Labiatce,  the  "lip 
family,"  or  mint  family;  this  group  of  plants  being 
so  called  because  the  flowers  of  this  family  have  their 
petals  united  with   a  two-lipped   corolla,  as  shown 
in  (Fig.  226),  the  flower  of  the  horsemint. 
Fig     226— Horse-  "^^^  plants  of  this  family  are  characterized  by 

mint  flower.  the  presence  of  aromatic  volatile  oils,  and  a  large 

number  of  them  are  used  in  medicine.  Among  those 
formerly  official  may  be  cited  melissa  (Balm),  catnip,  thyme,  and 
origanum,  while  three  others,  scullcap,  horehound,  and  boneset,  are 
still  official  and  will  be  considered  in  this  chapter. 

CARYOPHYLLUS.     Cloves. 

The  dried  flower  buds  of  Eugenia  aromatica  (Linne)  O.  Kuntze  (Fam.  Myrtacece). 

Constituents. — Volatile  oil,  tannin,  gum  resin,  fixed  oil. 
Remarks. — Cloves  are  not  fruit  nor  seed,  as  is  commonly  believed, 
but  are  flower-buds.     Sliced  lengthwise,  the  sample  is  found  hollow 
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in  the  upper  parts,  where  will  be  found  the  stamens,  which  look  like 
dried  threads.  Cloves  are  used  as  a  spice,  and  are  largely  adulterated. 
For  instance,  whole  cloves  from  which  the  oil  has  been  distilled  have 
been  put  on  the  market.  These  are  detected  by  the  fact  that  such 
exhausted  cloves  float  horizontally  on  the  surface  of  water,  while  the 
true  article,  containing  the  heavy  volatile  oil,  will  either  sink  or  float 
in  an  upright  position.  The  powder  is  adulterated  with  .starchy 
material  or  with  mineral  substances,  which  impurities  can  be  detected 
by  the  fact  that  pure  powdered  cloves,  when  viewed  under  the  micro- 
scope, contain  few  or  no  starch-grains,  no  "stone-cells"  (as  does  ground 
cocoanut  shell,  another  adulterant),  and  yield,  on  burning,  no  more 
than  8  per  cent,  of  ash. 

Cloves  are  used  in  the  following  official  preparations:  Compound 
tincture  of  lavender  and  aromatic  tincture  of  rhubarb. 

Dose. — 250  milligrammes  (4  grains). 

OLEUM   CARYOPHYLLI.     Oil  of  Cloves. 

A  volatile  oil  distilled  from  Cloves,  yielding,  when  assayed  by  the  process  given 
below,  not  less  than  80  per  cent.,  by  volume,  of  eugenol.  It  should  be  kept  in  well- 
stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

A  colorless  or  pale  yellow,  thin  liquid,  becoming  darker  and  thicker  by  age  and 
exposure  to  the  air,  having  a  strongly  aromatic  odor  of  cloves,  and  a  pungent  and 
spicy  taste. 

Specific  gravity:  1.040  to  1.060  at  25*  C.  (77°  F.). 

Soluble  in  an  equal  volume  of  alcohol,  this  solution  being  slightly  acid  to  litmus- 
paper;  also  soluble  in  about  2  volumes  of  70  per  cent,  alcohol. 

When  shaken  with  an  equal  volume  of  a  concentrated  solution  of  potassium 
hydroxide,  or  of  stronger  ammonia  water,  it  forms  a  semisolid,  yellowish  mass. 

If  2  drops  of  the  Oil  be  dissolved  in  4  Cc.  of  alcohol,  and  a  drop  of  ferric  chloride 
T.S.  added,  a  bright  green  color  will  be  produced;  and  if  the  same  test  be  made  with 
a  drop  of  diluted  ferric  chloride  T.S.,  prepared  by  diluting  the  test  solution  with  four 
times  its  volume  of  water,  a  blue  color  will  be  produced,  which  soon  changes  to  yellow. 

Assay  for  Etjgenol 

Introduce  into  a  flask  with  a  long  neck  (graduated  in  tenths)  10  Cc.  of  the  Oil  of 
Cloves  and  100  Cc.  of  potassium  hydroxide  T.S.,  and  shake  the  mixture  for  five 
minutes.  When  the  liquids  have  separated  completely,  add  sufficient  potassium 
hydroxide  T.S.  to  raise  the  lower  limit  of  the  oily  layer  to  the  zero  mark  of  the  scale, 
and  note  the  volume  of  the  residual  liquid,  which  should  not  measure  more  than  2  Cc, 
indicating  the  presence  of  at  least  80  per  cent,  of  eugenol. 

Tests  for  Identity. — Given  above. 

Impurities. — Phenol.     Details  under  Eugenol  (p.  797). 

Assay  for  Eugenol. — Details  above. 

Composition. — Eugenol,  70  to  85  per  cent. ;  aceteugenol,  2  to  3  per 
cent.;  caryophyllene,  C15H24,  etc. 

Remarks. — The  assay  given  above  is  based  on  the  same  principle 
as  that  of  oil  of  thyme  (p.  822),  namely,  dissolving  of  the  phenol  in 
alkaline  solution  and  measuring  the  residual  liquid. 

Medical  Properties. — Stimulant.     Used  in  toothache. 

Dose. — 0.2  Cc.  (3  minims). 

ANISUM.     Anise. 

The  ripe  fruit  of  Pimpindla  Anisum  Linn6  (Fam.  UmhellifercB),  obtained  from 
cultivated  plants. 
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Constituents. — Volatile  oil,  fixed  oil. 

Remarks.^ — The  pharmacopoeia  directs  that  anise,  when  triturated 
with  potassium  hydroxide  solution,  should  not  give  a  mouse-like 
odor.  This  test  is  to  distinguish  it  from  the  poisonous  conium  (p. 
926),  which  closely  resembles  anise  in  appearance. 

Medical  Properties. — Carminative,  stimulant,  flavor. 

Dose. — 500  milligrammes  (7^  grains). 

Illicium,  or  star  anise,  the  fruit  of  Illicium  verum,  was  official  in  the  pharma- 
copceia  of  1890,  and  is  here  mentioned  because  it  yields  an  oil  identical  with  that 
from  anise. 

OLEUM  ANISI.     Oil  of  Anise. 

A  volatile  oil  distilled  from  Anise  or  from  the  fruit  of  Star  Anise,  Illicium  verum 
Hooker  filius  (Fam.  Magnoliaceoe).  It  should  be  kept  in  weU-stoppered,  amber- 
colored  bottles,  protected  from  light,  and,  if  it  has  separated  into  a  liquid  and  a  solid 
Eortion,  it  should  be  completely  hquefied  by  warming,  and  then  well  shaken,  before 
eing  dispensed. 

A  colorless  or  pale  yellow,  thin,  and  strongly  refractive  liquid,  having  the  char- 
acteristic odor  of  anise,  and  a  sweetish,  mildly  aromatic  taste. 

Specific  gravity:  0.975  to  0.985  at  25°  C.  (77°  F.). 

The  Oil  should  be  Isevogyrate,  the  angle  of  rotation  being  — 2°  in  a  100-Mm.  tube, 
at  a  temperature  of  25°  C.  (77°  F.)  (absence  of  oU  of  fennel,  etc.). 

Soluble  in  an  equal  volume  of  alcohol,  forming  a  clear  solution,  also  in  5  volumes 
of  90  per  cent,  alcohol  (absence  of  petroleum,  of  m^st  fixed  oils,  and  of  oU  of  turpentine). 

An  alcoholic  solution  of  Oil  of  Anise  is  neutral  to  litmus-paper,  and  should  not 
assume  a  blue  or  brownish  color  on  the  addition  of  a  drop  of  ferric  chloride  T.S. 
(absence  of  some  volatile  oils  containing  phenols). 

When  the  Oil  is  shaken  with  water  in  a  narrow  graduated  cylinder,  its  volume 
should  not  be  diminished  (absence  of  alcohol). 

When  tested  according  to  the  following  method,  the  congealing  point  of  Oil  of 
Anise  should  not  be  below  15°  C.  (59°  F.). 

Transfer  about  10  Cc.  of  the  Oil  to  a  test-tube,  placed  in  water  cooled  with  ice; 
insert  a  thermometer  at  once  into  the  Oil,  and  allow  it  to  remain  undisturbed  vmtil 
its  temperature  has  fallen  to  about  6°  C.  (42.8°  F.).  Induce  crystallization  either 
by  rubbing  the  inner  wall  of  the  test-tube  with  the  thermometer,  or  by  the  addition 
of  a  particle  of  solid  anethol,  remove  the  test-tube  from  the  bath,  and  stir  continu- 
ously during  the  solidification  of  the  Oil. 

The  highest  temperature  reached  during  the  crystallization  is  regarded  as  the 
congealing  point. 

Tests  for  Identity. — Given  above. 

Impurities. — Oil  of  fennel,  petroleum,  fixed  oils,  oil  of  turpentine, 
oil  containing  phenols,  alcohol.     Details  above. 

Congealing  Point. — At  least  15°  C.     Details  above. 

Composition. — Anethol,  80  to  90  per  cent.;  methyl-chavicol,  both 
C10H12O. 

Remarks. — As  anethol  is  a  solid,  the  congealing  point  of  the  oil 
(15°  C.)  is  a  criterion  of  value. 

Medical  Properties. — Carminative  and  flavor.  Used  in  making 
anise  water  (p.  171)  and  spirit  of  anise  (p.  178). 

Dose. — 0.2  Cc.  (3  minims). 

CORIANDRUM.     Coriander. 

The  dried  ripe  fruit  of  Coriandrum  sativum  Linn6  (Fam.  UmheUiferm). 

Constituents. — Volatile  oil,  ^  to  1  per  cent,  fixed  oil,  etc. 
Medical  Properties. — Aromatic,  carminative. 
Dose. — 500  milligrammes  (7^  grains). 


VOLATILE   OILS  AND   VOLATILE   OIL  DRUGS  831 

OLEUM   CORIANDRI.     Oil  of  Coriander. 

A  volatile  oil  distilled  from  Coriander.  It  should  be  kept  in  well-stoppered* 
amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

A  colorless  or  slightly  yellow  liquid,  having  the  characteristic,  aromatic  odor  of 
coriander,  and  a  warm,  spicy  taste. 

Specific  gravity:  0.863  to  0.878  at  25°  C.  (77°  F.). 

It  should  be  soluble  in  3  volumes  of  70  per  cent,  alcohol;  also  soluble  in  all  pro- 
portions in  80  per  cent,  and  90  per  cent,  alcohol. 

It  is  dextrogyrate,  the  angle  of  rotation  varying  from  4-7°  to  -I- 14°  in  a  100-Mm. 
tube,  at  a  temperature  of  25°  C.  (77°  F.). 

Composition. — Dextrogyrate  linalool;  pinene,  etc. 
Medical  Properties. — Carminative. 
Dose. — 0.2  Cc.  (3  minims). 

FCENICULUM.     Fennel. 

The  dried,  nearly  ripe  fruit  oi  Fcenicuium  wlgare  Miller  (Fam.  UmbdliferoB). 

Constituents. — Volatile  oil,  2  to  6  per  cent.;  fixed  oil,  etc. 
Medical  Properties. — Carminative,  stimulant. 
Dose. — 1  Gm.  (15  grains). 

OLEUM   FCENICULI.     Oil  of  Fennel. 

A  volatile  oil  distilled  from  Fennel.  It  should  be  kept  in  well-stoppered,  amber- 
colored  bottles,  in  a  cool  place,  and,  if  it  has  partly  or  wholly  solidified,  it  should  be 
completely  liquefied  by  warming,  and  then  well  shaken  before  being  dispensed. 

A  colorless  or  pale  yellow  liquid,  having  the  characteristic,  aromatic  odor  of 
fennel,  and  a  sweetish,  mild,  and  spicy  taste. 

Specific  gravity:  0.953  to  0.973  at  25°  C.  (77°  F.). 

Soluble  in  an  equal  volume  of  alcohol,  the  solution  being  neutral  to  litmus-paper; 
also  soluble  in  10  volumes  or  less  of  80  per  cent,  alcohol. 

Tests  for  Identity. — Given  above. 

Impurities. — Oils  containing  phenols.  Test  as  given  under  Oil 
of  Anise. 

Congealing  Point. — At  least  5°  C.  Details  as  given  under  Oil  of 
Anise,  except  that  oil  is  to  be  chilled  to  —  5°  C. 

Composition. — Anethol,  50  to  60  per  cent.;  fenchone,  a  ketone 
having  formula  CjoHigO;  pinene;  dipentene;  etc. 

Medical  Properties. — Carminative.  Very  popular  among  German 
physicians  as  a  constituent  of  digestive  powders.  It  is  a  constituent 
of  compound  licorice  powder  (p.  303)  and  of  compound  spirit  of  juniper 
(p.  179). 

Dose. — 0.2  Cc.  (3  minims). 

CARUM.     Caraway. 

The  dried  fruit  of  Carum  Carvi  Linn6  (Fam.  UmbeUiferce). 

Constituents. — Volatile  oil,  5  per  cent.;  fixed  oil;  resin. 
Medical  Properties. — Carminative,  stimulant,  flavor. 
Dose. — 1  Gm.  (15  grains). 

OLEUM   CARI.     Oil  of  Caraway. 

A  volatile  oil  distilled  from  Caraway  and  rectified  by  steam  distillation.  It 
should  be  kept  in  well-stoppered,  amber-colored  bottles,  in  a  cool  place,  protected 
from  light. 
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A  colorless  or  pale  yellow,  thin  liquid,  having  the  characteristic,  aromatic  odor 
of  caraway,  and  a  spicy  taste. 

Specific  gravity:  0.905  to  0.915  at  25°  C.  (77°  F.). 

Soluble  in  an  equal  volume  of  alcohol;  also  in  from  3  to  10  volumes  of  80  per  cent, 
alcohol. 

Oil  of  Caraway  is  dextrogyrate,  the  angle  of  rotation  varying  from  +70°  to  +80° 
in  a  100-Mm.  tube,  at  a  temperature  of  25°  C.  (77°  F.). 

Tests  for  Identity. — Given  above. 

Composition. — Carvone,  50  to  60  per  cent.;  dextrogyrate  limonene; 
etc. 

Medical   Properties. — Carminative.     A    constituent    of   compound 
spirit  of  juniper  (p.   179). 
Dose. — 0.2  Cc.  (3  minims). 

The  drugs  last  studied — anise,  fennel,  coriander,  and  caraway — 
are  representatives  of  the  Umbelliferse;  the  parsley  family,  whose 
flowers  are  arranged  on  stalks  which  radiate  like  rods  of  an  umbrella, 
as  shown  in  Fig.  227. 

Most  official  drugs  yielded  by  the  UmbellifersB  are  fruit,  which  are, 
unfortunately,  commonly  called  "seeds." 

A  fruit  can  vary  from  a  seed,  with  its  dry  ovary 
wall,  to  very  elaborate  fruit,  which  include  several 
other  organs  attached  to  the  ovary.  Thus,  when 
we  examine  an  apple,  we  find  three  distinct  layers 
— the  red  skin,  the  white  meat,  and  the  papery  core 
surrounding  the  seed.  Of  these  layers,  only  the  core 
represents  the  ovary  wall,  the  meat  and  skin  being 
a  modification  of  another  part  of  the  flower — the 
green  calyx.  On  the  other  hand,  an  acorn  likewise 
Fig.  227.— inflor-  represents  a  true  fruit,  the  cup  being  a  cluster  of 
Hf^ra^fschematicT^"  ^^aves  at  the  base  of  the  ripened  ovary,  the  latter 
being  the  "nut."  From  this  can  be  separated  the 
outer  coat,  which  represents  the  ovary  wall,  while  the  "kernel" 
within,  with  its  shaggy  coat,  represents  the  seed.  Similarly,  the 
so-called  "seeds" — anise,  caraway,  coriander,  and  fennel — are  fruit 
just  as  are  apples  and  acorns,  and,  like  the  acorn,  the  ovary  wall  is 
inconsiderable,  and  does  not  separate  from  the  seed  of  its  own  free 
will. 

PIMENTA.     Pimenta.     Allspice. 

The  dried,  nearly  ripe  fruit  of  Pimenta  officinalis  Lindley  (Fam.  Myrtacece). 

Constituents. — Volatile  oil,  resin,  fixed  oil,  chlorophyll.  Traces 
of  alkaloid. 

Medical  Properties. — Stomachic,  carminative. 
Dose. — 1  Gm.  (15  grains). 

OLEUM   PIMENTiE.     Oil  of  Pimenta.    Oil  of  Allspice. 

A  volatile  oil  distilled  from  Pimenta,  yielding,  when  assayed  by  the  process  given 
below,  not  less  than  65  per  cent.,  by  volume,  of  eugenol.  It  should  be  kept  in  well- 
stoppered,  amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

A  colorless,  yellow,  or  reddish  liquid,  having  a  strong,  aromatic  odor  of  allspice, 
and  a  pungent,  spicy  taste. 

Specific  gravity:  1.033  to  1.048  at  25°  C.  (77°  F.). 
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With  90  per  cent,  alcohol  it  is  miscible  in  all  proportions.  It  is  also  soluble  in  2 
volumes  of  70  per  cent,  alcohol. 

When  mixed  with  an  equal  volume  of  a  concentrated  solution  of  sodium  hydrox- 
ide, it  forms  a  semisohd  mass. 

Tests  for  Identity. — Given  above. 

Assay  for  Eugenol. — Details  given  under  Oil  of  Cloves. 
Constituents. — Eugenol,  sequiterpenes,  etc. 

Remarks. — It  wiU  be  noticed  that  the  pharmacopoeia  provides 
eugenol  assay  for  the  oil,  identical  with  that  for  oil  of  cloves. 
Medical  Properties. — Carminative  and  flavor. 
Dose. — 0.2  Cc.  (3  minims). 

CARDAMOMUM.     Cardamom. 

The  dried  nearly  ripe  fruit  of  Elettaria  repens  (Sonnerat)  Baillon  (Fam.  Zingi- 
beraceoe). 

Constituents. — Volatile  oil,  fixed  oil,  starch,  etc.  The  volatile 
oil  consists  of  terpenes  (dipentane  and  terpene),  terpineol,  cineol, 
terpinyl  acetate. 

Remarks. — The  entire  fruit  including  the  pericarp  (or  "hulls") 
is  official,  although  the  minute  seeds  contain  the  entire  activity  of 
the  drug.  Like  all  drugs  used  in  spices,  the  commercial  powder  is 
apt  to  be  adulterated  with  mineral  matter,  hence  the  pharmacopoeia 
directs  that  it  should  yield  not  more  than  4  per  cent,  of  ash. 

Medical  Properties. — Carminative,  stomachic.  Official  prepara- 
tions: The  tincture  (p.  225)  and  the  compound  tincture  (p.  225).  Also 
used  in  compound  tincture  of  gentian  (p.  227),  tincture  of  rhubarb  (p. 
235),  and  aromatic  powder  (p.  301). 

Dose. — 1  Gm.  (15  grains). 

SABAL.     Sabal. 

The  partially  dried  fruit  of  Serenoa  serrnlata  (Roemer  and  Shultes)  Hooker 
filius  (Fam.  Pcdmce). 

Constituents. — Volatile  oil  (only  from  fresh  fruit),  1.3  per  cent.; 
fixed  oil  (ethyl  ethers  of  caproic,  caprylic,  oleic,  and  other  acids), 
about  1.6  per  cent.;  sugar  (pentoses),  5.4  per  cent.  The  presence  of 
an  alkaloid  is  a  subject  of  dispute. 

Remarks. — As  apparently  the  only  really  active  constituent  is 
volatile  oil,  the  use  of  the  partly  dried  fruit  seems  of  no  service. 
Several  large   manufacturers  prepare  the  extract  from  fresh  fruit. 

Medical  Properties. — Supposedly  tonic  and  stimulant,  especially 
to  the  reproductive  organs.  Reputation  chiefly  due  to  advertising 
by  nostrum  makers. 

Dose. — 1  Gm.  (15  grains). 

AURANTII   AMARI   CORTEX.     Bitter  Orange  Peel. 

The  dried  rind  of  the  unripe  fruit  of  Citrus  vulgaris  Risso  (Fam.  RtUacece). 

Constituents. — Volatile  oil;  hesperidin;  an  acid,   044X1280,4;  resin; 
aurantiamarin,    a  bitter   glucoside.     The   volatile   oil   is   chemically 
53 
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identical  with  that  of  sweet  orange,  except  that  it  has  a  bitter  taste, 
due  to  the  hesperidin  and  aurantiamarin  it  contains.  This  oil  is  not 
official. 

Medical  Properties. — Aromatic  bitter.  Official  preparations,  the 
tincture  (p.  222)  and  the  fluidextract  (p.  247)  in  compound  tincture 
of  cinchona  (p.  226)  and  compound  tincture  of  gentian  (p.  227). 

Dose. — 1  Gm.  (15  grains). 

AURANTII   DULCIS   CORTEX.     Sweet  Orange  Peel. 

The  recently  separated  outer  rind  of  the  ripe  fruit  of  Citrus  Aurantium  Linne 
(Fam.  Rutacece). 

Constituents. — Volatile  oil;  hesperidin,  CjzHgeOij,  a  glucoside  that 
hydrolyzes  to  hesperetin,  CieHj^Og. 

Remarks. — Note  that  the  pharmacopoeia  directs  the  use  of  the 
outer  rind — that  is,  the  thin  yellow  layer  must  be  separated  from 
the  thick  white  layer  (the  zest).  This  is  important  in  making  pharma- 
ceuticals, since  the  zest  contains  a  body  that  blackens  with  iron  salts, 
and  the  same  will  be  true  of  preparations  made  from  the  peel  not 
freed  from  the  zest. 

OLEUM   AURANTII   CORTICIS.     Oil  of  Orange  Peel. 

A  volatile  oil  obtained  by  expression  from  the  fresh  peel  of  the  Sweet  Orange. 
It  should  be  kept  in  small,  well-stoppered,  amber-colored  bottles,  in  a  cool  place,  so 
as  to  avoid,  as  far  as  possible,  the  development  of  a  terebinthinate  odor.  Oils  that 
have  developed  such  an  odor  should  not  be  dispensed. 

A  pale  yellow  liquid,  having  the  characteristic,  aromatic  odor  of  orange,  and  an 

Specific  gravity:  0.842  to  0.846  at  25°  C.  (77°  F.). 

Its  optical  rotation  should  be  dextrogyrate,  not  less  than  95°  in  a  100-Mm.  tube, 
at  a  temperature  of  about  25°  C.  (77°  F.)  (absence  of  oil  of  turpentine,  etc.). 

When  subjected  to  careful  fractional  distillation,  any  Oil  coming  over  below 
170°  C.  (338°  F.)  should  not  yield  pinene  nitrosochloride  and  nitrosopinene  (derived 
from  added  oil  of  turpentine)  when  tested  in  the  following  manner: 

Dissolve  5  Cc.  of  the  fraction  to  be  tested  in  one-half  its  volume  of  glacial  acetic 
acid,  add  5  Cc.  of  amyl  nitrite,  cool  thoroughly  in  a  freezing  mixture,  and  add,  very 
gradually,  5  Cc.  of  a  mixture  of  equal  volumes  of  hydrochloric  acid  and  glacial  acetic 
acid.  Collect  any  crystals  which  separate  from  the  blue  or  greenish  liquid  upon 
standing,  on  a  force  filter,  and  wash  them  with  a  little  alcohol.  Transfer  the  crystals 
to  a  flask,  add  5  Cc.  of  alcoholic  potassium  hydroxide  T.S.,  and  heat  on  a  water-bath 
fifteen  minutes.  Pour  the  solution  into  cold  water,  collect  the  precipitate,  and  wash 
it  with  cold  water.  Recrystallize  the  dried  precipitate  from  alcohol,  and  determine 
the  melting-point  of  the  crystals.  Nitrosopinene  melts  at  132°  C.  (269.6°  F.),  whereas 
nitrosolimonene  or  carvoxime  (from  limonene,  one  of  the  normal  constituents  of  Oil 
of  Orange  Peel)  melts  at  72°  C.  (161.6°  F.). 

Tests  for  Identity. — Given  above. 

Impurities. — Oil  of  turpentine.     Details  above. 

Composition. — Dextrogyrate  limonene,  90  per  cent.;  citral,  derivative 
of  anhydrogeraniol  (p.  802);  citronellal;  esters,  etc. 

Remarks. — As  already  mentioned  (p.  804),  the  reason  why  oil  of 
orange  and  of  lemon  become  terebinthinate  is  through  the  conversion 
of  their  limonene  into  dipentene.  This  change,  of  course,  ruins  the 
quality  of  the  oil,  and  it  is  poor  pharmacy  to  use  such  oils  in  prepara- 
tions.   Of  the  several  schemes  suggested  to  prevent  this  decomposi- 
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tion,  the  best  is  the  adding  of  a  small  amount  of  glycerin — say,  half 
an  ounce  to  four  ounces  of  oil — and  keeping  bottle  inverted.  In  this 
way  the  mouth  of  the  bottle  is  "sealed"  with  a  layer  of  the  glycerin, 
which  prevents  access  of  air.  When  the  oil  is  to  be  used,  the  bottle 
is  placed  in  an  upright  position  for  a  few  minutes,  and  the  oil  decanted 
from  the  heavier  glycerin  layer.  This,  in  the  writer's  experience, 
proved  more  satisfactory  than  diluting  the  oil  with  alcohol.  The 
commercial  oil  is  sometimes  adulterated  with  oil  of  turpentine,  which 
can  be  detected  by  the  fact  that  the  angle  of  rotation  of  orange  oil 
is  +95°,  while  that  of  oil  of  turpentine  is  never  more  than  +25°. 
The  pharmacopoeia  provides  another  turpentine  test  based  on  the 
formation  of  nitroso-limonene  crystals  from  the  oil  of  orange,  in  place 
of  the  nitroso-pinene  obtained  from  oil  of  turpentine.  The  test  is 
given,  in  full,  above.  '  A  far  more  subtle  adulteration  now  in  use  is 
the  addition  of  the  terpenes  from  oil  of  lemon  after  removing  the 
citral,  which  is  used  in  making  the  so-called  terpeneless  oils  (p.  805). 
For  such  adulteration  the  citral  assay  given  under  Oil  of  Lemon  might 
be  applied. 

Medical  Properties. — Flavor.  Official  preparation,  compound  spirit 
of  orange  (p.  178). 

Dose. — 0.2  Cc.  (3  minims). 

LIMONIS  CORTEX.     Lemon  PeeL 

The  recently  separated  outer  rind  of  the  ripe  fruit  of  Citnis  Limonum  Risso  (Fam. 
Rutacece). 

Constituents. — Volatile  oil;  hesperidin,  etc. 

Remarks. — It  will  be  noted  that  this  drug,  like  orange  peel,  is  the 
"outer  rind"  separated  from  the  zest. 

Medical  Properties. — Flavor.  Official  preparation,  tincture  of  lemon 
peel  (p.  230). 

OLEUM   LIMONIS.     Oil  of  Lemon. 

A  volatile  obtained  by  expression  from  fresh  Lemon  Peel,  yielding,  when  assayed 
by  the  process  given  on  p.  1042,  not  less  than  4  per  cent,  of  aldehyde,  calculated  as 
citral.  It  should  be  kept  in  well-stoppered,  amber-colored  bottles,  in  a  cool  place, 
protected  from  Ught. 

A  pale  yellow,  limpid  liquid,  having  the  fragrant  odor  of  lemon,  and  an  aromatic, 
somewhat  bitter  taste. 

Specific  gravity:  0.851  to  0.855  at  25"  C.  (77°  F.). 

It  is  dextrogyrate;  its  optical  rotation  should  not  be  less  than  +60°  in  a  100-Mm. 
tube,  at  a  temperature  of  25°  C.  (77°  F.).  The  angle  of  rotation  of  the  first  10  per 
cent,  of  Oil  obtained  by  fractional  distillation  shoiild  not  differ  more  than  2°  from 
that  of  the  original  Oil. 

Tests  for  Identity. — Given  above. 

Assay  for  Citral. — Details  in  Part  V. 

Composition. — Dextrogyrate  limonene,  90  per  cent.;  phellandrene; 
citral,  7  to  10  per  cent.;  citronellal;  esters,  etc. 

Remarks. — It  will  be  noticed  that  while  it  is  claimed  that  oil  of 
lemon  contains  7  to  10  per  cent,  citral,  the  pharmacopoeia  demands 
not  less  than  4  per  cent.  The  pharmacopceial  assay  will  be  considered 
in  the  chapter  on  Volumetric  Analysis. 
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Medical  Properties. — Flavoring.  Used  in  aromatic  spirit  of 
ammonia,  U.  S.  P.  (p.  178)  and  compound  spirit  of  orange,  U.  S.  P. 
(p.  178).  Spirit  of  lemon,  U.  S.  P.  1890,  has  been  replaced  by  tincture 
of  lemon  peel. 

Dose. — Of  the  oil,  0.2  Cc.  (3  minims). 

OU  of  bergamot,  U.  S.  P.  1890,  is  obtained  by  expression  of  the  rind  of  the  berga- 
mot  orange,  the  fruit  of  Citrtis  Bergamia.  Its  green  color  is  due  to  the  presence  of 
copper  from  its  container.     It  is  used  as  a  perfume. 

Oil  of  neroli,  U.  S.  P.  1890,  is  the  oil  obtained  by  distillation  of  orange  flowers, 
and  is  a  by-product  in  the  manufacture  of  orange  flower  water.  It  is  used  in  per- 
fumery. 

It  will  be  noted  that  the  three  oils — orange,  lemon,  and  bergamot — 
are  obtained  by  expression  (as  already  described  on  p.  817)  of  the 
rind  of  closely  allied  fruits;  that  this  group  of  fruit — orange,  lemon, 
lime,  etc. — forms  a  subdivision  of  the  plant  family,  Rutacese. 

MYRISTICA.     Myristica.     Nutmeg. 

The  kernel  of  the  ripe  seed  of  Myristica  fragrans  Houttuyn  (Fam.  Myristicacece). 

Constituents. — Volatile  oil,  2  to  8  per  cent. ;  fat,  25  per  cent. ;  starch, 
etc.  That  fat  which  is  obtained  by  expression  of  nutmeg  between 
hot  plates  is  called  nutmeg  butter  or  oil  of  mace.  It  consists  of  70  per 
cent,  glyceryl  myristate  and  20  per  cent,  olein. 

Medical  Properties. — Stimulant,  stomachic,  flavor.  Used  in  com- 
pound tincture  of  lavender  (p.  230),  aromatic  tincture  of  rhubarb  (p.  235), 
and  aromatic  powder  (p.  301). 

Dose. — 500  milligrammes  (7^  grains). 

OLEUM  MYRISTICA.     OU  of  Myristica.     OU  of  Nutmeg. 

A  volatile  oil  distilled  from  Myristica.  It  should  be  kept  in  well-stoppered, 
amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

A  thin,  colorless  or  pale  yellow  liquid,  having  a  characteristic  odor  of  nutmeg, 
and  a  warm,  spicy  taste. 

Specific  gravity:  0.862  to  0.910  at  25°  C.  (77°  F.). 

Soluble  in  an  equal  volume  of  alcohol;  also  soluble  in  3  volumes  of  90  per  cent, 
alcohol. 

It  is  dextrogyrate,  the  angle  of  rotation  varying  between  4-14**  and  +28°  in  a 
100-Mm.  tube,  at  a  temperature  of  25°  C.  (77°  F.). 

When  2  or  3  Cc.  of  Oil  are  evaporated  on  a  water-bath,  no  residue  which  crystal- 
lizes on  cooling  should  be  left. 

Composition. — Pinene;  dipentane;  myristicol;  myristicin,  etc. 
Myristicin  has  the  graphic  formula: 

C4H7 

C6H2Q>CH2 

OCH3. 

Medical  Properties. — Flavor. 
Dose. — 0.2  Cc.  (3  minims). 

Mace  (U.  S.  P.  1890)  is  the  arilloid  of  the  nutmeg.  It  yields  a  volatile  oil 
practically  identical  with  that  of  nutmeg,  and,  like  it,  is  used  as  a  spice. 
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An  "arilloid,"  or  "arillus,"  as  an  outgrowth  from  the  base  of  the  testa  or  seed 
coat.  The  testa  of  different  seeds  vary  widely  in  appearance,  thus  the  testa  of  the 
almond  is  not  the  "shell"  of  the  almond,  for  the  shell  is  the  inner  layer  of  the  ovary 
wall  and  is  a  part  of  the  fruit.  The  almond  testa  is  the  thin  brown  scurfy  coating 
which  can  be  removed  from  the  seed  by  soaking  in  warm  water. 

In  other  seeds  the  testa  is  hard  and  brittle.  Thus  cocoanut  is  a  huge  seed,  and 
its  shell  a  testa.  In  myristica  the  testa  is  thin  and  brittle,  is  loose,  and  can  be  easily 
removed,  and  the  official  nutmeg  is  the  kernel  of  the  seed  freed  from  this  brittle  testa, 
while  mace  is  the  arilloid  which  branches  irregularly  over  the  testa  of  the  unbroken 
seed. 

DRUGS  CONTAINING  VOLATILE  OIL  AND  RESIN 

This  class  of  drugs  differs  from  the  volatile  oil  drugs  just  con- 
sidered by  the  prominence  of  their  resin  content.  It  will  be  noted 
that  most  of  the  volatile  oil  drugs  just  considered  contained  resinous 
matter,  but  these  resins  were  either  insignificant  as  to  amount  or 
indifferent  as  to  activity.  On  the  other  hand,  the  drugs  now  to  be 
considered  owe  their  activity  as  much  to  the  resin  they  contain  as  to 
their  volatile  oil,  and  it  will  be  noted  that  all  the  drugs  furnishing 
official  pharmaceutic  oleoresins  (p.  259)  are  here  considered.  As  to 
the  chemistry  of  the  resinous  ingredients  of  this  class  of  drugs,  let 
it  be  said  that  a  general  consideration  of  that  little  understood  class 
of  bodies — the  resins — is  reserved  for  a  special  chapter  (Chapter 
XL VIII),  which,  perhaps,  would  be  the  better  place  to  consider  drugs 
of  the  class  under  consideration.  However,  since  these  drugs  are  most 
prominently  characterized  by  their  odor,  and  this  is  largely  due  to 
the  volatile  oil  they  contain,  it  is  well  to  consider  them  among  the 
volatile  oil  drugs.  It  might  be  stated  that  all  these  resinous  drugs 
should  be  extracted  with  stronger  alcohol. 

STILLINGIA.     StiUingia. 

The  dried  root  of  StiUingia  sylvatica  Linn^  (Fam.  Euphorbiacece). 

Constituents. — Volatile  oil;  resin;  stillingine,  an  alkaloid;  fixed 
oil;  etc. 

Medical  Properties. — Nauseant,  emetic,  in  small  doses.  More  or 
less  laxative.     Fluidextract  official  (p.  247). 

Dose. — 2  Gm.  (30  grains). 

SUMBUL.     Sumbul.     Musk  Root. 

The  dried  rhizome  and  root  of  an  undetermined  plant,  probably  of  the  family 
UmbellifercB. 

Constituents. — Two  balsamic  resins;  trace  volatile  oil;  angelic  acid, 
CsHgOj;  bitter  principle,  etc. 

Medical  Properties. — Nerve  stimulant.  The  extract  (p.  289)  and 
the  fluidextract   (p.   246)   are  official. 

Dose. — 2  Gm.  (30  grains). 

ASPIDIUM.     Aspidium.     Male  Fern. 

The  dried  rhizome  of  Dryopteris  Filix-mas  (Linn6)  Schott,  or  of  Dryopteris 
marginalis  (Linn6)  Asa  Gray  (Fam.  FUices). 
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Constituents. — Volatile  oil;  fixed  oil;  resin;  filicic  acid;  tannaspidic 
acid;  pteritannic  acid;  dibutyrylphloroglucin;  felix  red,  etc.  The 
volatile  oil  consists  of  the  hexyl  and  octyl  esters  of  the  fatty  acids 
(butyric,  etc.),  also  free  fatty  acids. 

Remarks. — Characteristic  for  good  quality  of  this  drug  is  its  green 
color,  which  fades  as  the  drug  grows  old  and  worthless,  hence  the 
pharmacist  should  use  only  such  samples  as  are  still  green. 

Medical  Properties. — Tapeworm  expeller.  Used  almost  entirely 
in  the  form  of  the  oleoresin,  U.  S.  P.  (p.  261). 

Dose. — Of  drug,  4  Gm.  (60  grains). 

ZINGIBER.     Ginger. 

The  dried  rhizome  of  Zingiber  offlcinale  RoBCoe  (Fam.  Zingiheracece). 

Constituents. — Volatile  oil;  resin;  gingerol,  etc.  The  volatile  oil 
consists  of  a  sesquiterpene,  dextro-camphene,  phellandrene.  The 
resin  consists  of  three  distinct  resins,  and  when  fused  with  sodium 
hydroxide,  yields  protocatechuic  acid. 

Remarks. — The  best  quality  of  ginger  comes  from  Jamaica,  and 
occurs  in  handsome  lobed  pieces  coated  white  with  lime.  Preserved 
ginger  is  the  same  root  collected  in  the  spring  when  green  and  succu- 
lent and  boiled  with  syrup. 

Medical  Properties. — Carminative,  stimulant,  flavor.  Official  prep- 
arations :  Oleoresin  (p.  262) ,  tincture  (p.  238) ,  and  fluidextract  (p.  246) . 
The  last  is  used  in  making  the  syrup.  Powdered  ginger  is  a  constitu- 
ent of  aromatic  powder  (p.  301). 

Dose. — Of  drug,  1  Gm.  (15  grains). 

CALAMUS.     Calamus.    Sweet  Flag. 

The  unpeeled,  dried  rhizome  of  Acorus  Calamus  Linn6  (Fam.  Aracece). 

Constituents. — Volatile  oil;  resin;  acorin;  calamine  (an  alkaloid); 
starch,  etc. 

The  volatile  oil  consists  of  pinene,  a  sesquiterpene,  and  esters. 
Acorin  is  a  bitter  glucoside  that  hydrolyzes  to  acoretin  and  a  resin. 

Medical  Properties. — Carminative,  stimulant,  and  flavor.  The 
whole  peeled  root  is  used  for  teething  infants  to  chew  upon.  Note, 
however,  that  the  unpeeled  root  constitutes  the  oflicial  drug.  The 
fluidextract  (p.  246)  is  official. 

Dose. — 1  Gm.  (15  grains). 

CIMICIFUGA.     Cimicifuga.     Black  Snakeroot. 

The  dried  rhizome  and  roots  of  Cimicifuga  racemosa  (Limi6)  Nuttall  (Fam. 

Ranunculacece) . 

Constituents. — Volatile  oil,  resin,  tannin,  etc. 
Medical   Properties. — Tonic    and    ''blood    purifier"    in    domestic 
practice. 

Dose. — 1  Gm.  (15  grains). 
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SERPENTARIA.     Serpentaria.    Virginia  Snakeroot. 

The  dried  rhizome  and  roots  of  Aristolochia  Serpentaria  Linn6  (Virginia  Serpen- 
taria), or  of  Aristolochia  reticulaia  Nuttall  (Texas  Serpentaria)  (Fam.  Aristolochia- 
cece). 

Constituents. — Volatile  oil;  bitter  principle,  similar  to  quassin; 
resin,  aristolochine. 

The  volatile  oil  consists  chiefly  of  borneol,  the  Texas  snakeroot 
containing  also  pinene. 

Remarks. — It  will  be  observed  that  official  serpentaria  is  derived 
from  two  different  plants,  the  drugs,  however,  being  practically- 
identical  in  medicinal  action. 

Medical  Properties. — Popular  tonic  and  "blood  purifier."  The 
fluidextract  (p.  246)  and  the  tincture  (p.  236)  are  official,  while  the 
drug  is  a  constituent  of  compound  tincture  of  cinchona. 

Dose. — 1  Gm.  (15  grains). 

XANTHOXYLUM.     Xanthoxylum.     Prickly  Ash. 

The  dried  bark  of  Xanthoxylum  americanum  Miller  (Northern  Prickly  Ash),  or 
oi  Fagara  Clava-Hercvlis  (Linn6)  Small  (Southern  Prickly  Ash)  (Fam.  Rutacece). 

Constituents. — Volatile  oil,  resin,  a  bitter  principle,  xanthoxylin, 
berberin.  Xanthoxylin  from  northern  prickly  ash  is  C15H14O4,  while 
that  from  the  southern  is  C14H12O4. 

Remarks. — As  in  the  case  of  serpentaria,  two  different  plants 
yield  official  prickly  ash.  The  constituents  of  the  two  barks  are 
practically  identical,  although  it  is  said  that  the  bitter  principle 
(xanthoxylin)  from  the  two  is  not  exactly  the  same. 

The  curious  name,  xanthoxylum,  has  a  distinct  and  sensible 
meaning,  and  the  best  way  in  which  to  present  the  matter  forcibly 
is  to  mention  three  drugs  between  whose  names  there  exists  a  simi- 
larity. 

These  are: 

Xanthoxylum,  from  the  Greek  '^xanthos,"  yellow,  and  "xylon," 
wood,  or  yellow  wood. 

Erythroxylon,  from  the  Greek  "erythros,"  red,  and  "xijlon,"  wood, 
or  red  wood. 

Hsematoxylon,  from  the  Greek  "haima,"  the  blood,  and  "xylon," 
wood,  or  blood  wood. 

Medical  Properties. — Alterative,  diuretic,  sialagogue.  Adminis- 
tered as  fluidextract  (p.  246). 

Dose. — 2  Gm.  (30  grains). 

MEZEREUM.     Mezereum. 

The  dried  bark  of  Daphne  Mezereum  Linn6,  and  of  other  European  species  of 
Daphne  (Fam.  Thymeleaceoe). 

Constituents. — Acrid  resin;  trace  of  acrid  volatile  oil;  daphnin. 
Daphnin  is  a  glucoside  that  hydrolyzes  to  daphnetin. 

Medical  Properties. — Irritant,  sialagogue,  externally  as  a  rube- 
facient. The  fluidextract  (p.  246)  is  official,  and  the  drug  is  a  con- 
stituent of  compound  fluidextract  of  sarsaparilla  (p.  254). 
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MATICO.     Matico. 

The  leaves  of  Piper  angustifolium  Ruiz  and  Pavon  (Fam.  Piperaceae). 

Constituents. — Volatile  oil,  resin,  tannin. 
The  volatile  oil  consists  of  methyl-eugenol  and  asarone. 
Medical   Properties. — Vulnerary    and    styptic.     Administered    as 
fluidextract,  U.  S.  P.  (p.  246). 
Dose. — 4  Gm.  (60  grains). 

ERIODICTYON.     Eriodictyon.    Yerba  Santa. 

The  dried  leaves  of  Eriodictyon  californicum  (Hooker  and  Amott)  Greene  (Fam. 
HydrophyllacecB) . 

Constituents. — Resins,  trace  of  volatile  oil,  tannin,  eriodictyol 
(a  phenol),  CjjHjjOg,  homo-eridictyol  (a  phenol,  CigHj^Oe),  3  per  cent. 

Medical  Properties. — Expectorant.  Chiefly  used  for  masking 
taste  of  quinine,  the  aromatic  elixir  of  yerba  santa,  N.  F.,  and  the 
aromatic  syrup  of  yerba  santa,  N.  F.,  being  generally  employed 
for  this  purpose.  These  are  prepared  from  the  official  fluidex- 
tract (p.  246). 

Dose. — 1  Gm.  (15  grains). 

GRINDELIA.     Grindelia. 

The  dried  leaves  and  flowering  tops  of  Grindelia  robusta  Nuttall,  or  of  Grindelia 
squarrosa  (Pursh)  Dunal  (Fam.  Compositoe). 

Constituents. — Volatile  oil,  resin,  grindelin. 

Medical  Properties. — Recommended  for  asthma.  The  official 
fluidextract  (p.  246)  is  also  used  externally  as  a  lotion  in  the  eruption 
caused  by  poison  oak. 

Dose. — 2  Gm.  (30  grains). 

SABINA.     Savin. 

The  tops  of  Juniperus  Sabina  Linn6  (Fam.  Coniferce). 

Constituents. — Volatile  oil,  resin,  etc. 

Remarks. — Savin  belongs  to  the  natural  order  Coniferae, — the 
pine  family, — a  very  large  group  of  plants  which  furnishes  such 
important  products  as  turpentine  and  Canada  turpentine.  Savin 
represents  leafy  tops,  which  are  the  ends  of  the  branches,  hence  the 
youngest  and  freshest  part  of  the  trees. 

Medical  Properties. — Irritant,  emmenagogue.  The  fluidextract 
(p.  246)  is  official. 

Dose. — 0.5  Gm.  (7^  grains). 

OLEUM   SABINiE.     Oil  of  Savin. 

A  volatile  oil  distilled  from  the  fresh  tops  of  Savin.  It  should  be  kept  in  well- 
stoppered  and  amber-colored  bottles,  in  a  cool  place,  protected  from  light. 

A  colorless  or  yellowish  liquid,  having  a  peculiar  terebinthinate  odor,  and  a 
pungent,  bitter,  and  camphoraceous  taste. 
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Specific  gravity:  0.903  to  0.923  at  25°  C.  (77°  F.). 

The  Oil  is  dextrogyrate,  the  angle  of  rotation  varying  between  +40°  and  +60° 
in  a  100-Mm.  tube,  at  a  temperature  of  25°  C.  (77°  F.). 

Soluble  in  about  one-half  volume  or  more  of  90  per  cent,  alcohol. 

Composition. — Sabinol,    C,oHigO    (partly    as    acetic    acid    ester); 
cadinene,  possibly  some  terpenes,  etc. 
Medical  Properties. — That  of  drug. 
Dose. — 0.05  Cc.  (1  minim). 

CANNABIS   INDICA.     Indian  Cannabis.    Indian  Hemp. 

The  dried  flowering  tops  of  the  pistillate  plants  of  Cannabis  sativa  Linn6  (Fam. 
Moraceae),  grown  in  the  East  Indies  and  gathered  while  the  fruits  are  yet  undeveloped, 
and  carrying  the  whole  of  their  natural  resin. 

Constituents. — Volatile  oil;  resin;  bitter  substance;  cannahine, 
an  alkaloid. 

The  volatile  oil  is  said  by  Personne  to  contain  cannabene,  CjgHjo, 
while  other  writers  claim  it  consists  of  sesquiterpenes.  The  resin 
called  cannabin  is  a  mixture,  the  active  ingredient  of  which  is  a 
red  oily  mixture  called  cannabinol. 

Remarks. — It  is  of  interest  that  while  the  plant  yielding  this  drug 
is  identical  with  the  American  hemp,  the  latter  plant  is  of  little  value 
in  medicine,  since  it  contains  only  a  small  amount  of  resin.  Houghton, 
however,  claims  that  the  American  hemp  is  as  active  as  the  Indian 
if  only  properly  prepared. 

Medical  Properties. — Powerful  nervous  stimulant,  the  resinous 
extract  being  used  in  the  far  East  by  smoking,  under  the  name  of 
hashish.  The  extract,  U.  S.  P.  (p.  280),  is  largely  used  to  relieve  the 
pain  of  corns,  a  favorite  recipe  for  this  purpose  being  compound 
salicylated  collodion,  N,  F.  The  tincture  (p.  224)  and  the  fluidextract 
(p.  246)   are  also  official. 

Dose. — Of  drug,  65  milligrammes  (1  grain). 

CAPSICUM.     Capsicum.     Red  Pepper.     Cayenne  Pepper. 

The  dried,  ripe  fruit  of  Capsicum  fastigiatum  Blume  (Fam.  Solanaceoe),  deprived 
of  its  calyx. 

Constituents. — Volatile  oil  (trace);  resin;  fat,  capsaicin.  The 
oleoresin  consists  of  two  oily  liquids,  capsicin  and  capsicol,  combined 
with  capsaicin  and  fat.  Capsaicin  is  a  pungent  body,  having  the 
formula  CgHj^Oj. 

Remarks. — Capsicum  belongs  to  the  natural  order  Solanaceae, 
the  same  family  of  plants  to  which  belongs  the  Irish  potato,  the 
tomato,  and  the  egg-plant;  as  well  as  the  poisonous  drugs,  stramonium, 
belladonna,  and  hyoscyamus.  The  official  fruit — the  pepper  pod — 
is  so  well  known  that  extended  comment  is  unnecessary. 

Medical  Properties. — Stimulant,  rubefacient,  condiment.  The 
tincture  (p.  224),  fluidextract  (p.  246),  and  oleoresin  (p.  261)  are  official. 
From  the  latter  the  plaster  (p.  355)  is  prepared 

Dose. — Of  drug,  65  milligrammes  (1  grain). 
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PIPER.     Pepper.     Black  Pepper. 

The  dried,  unripe  fruit  of  Piper  nigrum  Linne  (Fam.  Piperacece). 

Constituents. — Volatile  oil,  resin,  piperine  (p.  879),  chavicin.  The 
volatile  oil  consists  of  either  dipentane  or  phellandrene. 

Remarks. — Pepper  is  what  is  commonly  called  black  pepper,  red 
pepper  being  given  the  distinctive  name  capsicum.  Note  that  pepper 
is  the  unripe  fruit  of  Piper  nigrum,  the  berry  which  was  picked  before 
fully  ripe  and  shriveled  through  drying.  White  pepper  represents 
the  same  fruit  allowed  to  ripen,  after  which  the  fleshy  portion  is 
removed  by  hand,  leaving  only  the  seed,  with  a  trace  of  fruit  tissue 
clinging  thereto. 

Medical  Properties. — Irritant,  stimulant,  condiment.  Usually  ad- 
ministered in  tonic  pills  as  oleoresin  (p.  262). 

Dose. — 500  milligrammes  (7^  grains). 

CUBEBA.     Cubeb. 

The  dried  unripe  but  fully  grown  fruit  of  Piper  Cubeba  Linn6  filius  (Fam. 
Piperacece). 

Constituents. — Volatile  oil  10-18  per  cent.;  resin;  cubebic  acid; 
cubebin. 

Remarks. — This  drug  is  an  unripe  berry,  just  as  is  pepper,  and 
from  a  closely  allied  plant,  both  plants  belonging  to  the  same  genus. 

Medical  Properties. — Urinary  disinfectant,    stimulant. 

Official  Preparations. — The  oil,  fluidextract  (p.  246),  and  oleoresin 
(p.  261)  are  used  in  gonorrhea  mixtures,  while  the  lozenges  (p.  332) 
made  from  the  oleoresin  are  used  in  bronchitis.  The  ground  drug, 
smoked  as  cigarettes,  has  enjoyed  considerable  popularity  as  a 
remedy  for  catarrhal  troubles. 

Dose. — 1  Gm.  (15  grains). 

OLEUM   CUBEBiE.     Oil  of  Cubeb. 

A  volatile  oil  distilled  from  Cubeb.  It  should  be  kept  in  well-stoppered,  amber- 
colored  bottles,  in  a  cool  place,  protected  from  light. 

A  colorless,  pale  green,  or  yellow  liquid,  having  the  characteristic  odor  of  cubeb, 
and  a  warm,  camphoraceous,  aromatic  taste. 

Specific  gravity:  0.905  to  0.925  at  25°  C.  (77°  F.). 

An  alcoholic  solution  of  Oil  of  Cubeb  is  neutral  to  litmus-paper. 

It  is  laevogyrate,  the  angle  of  rotation  varying  from  — 25°  to  — 40°  in  a  100-Mm. 
tube,  at  a  temperature  of  25°  C.  (77°  F.). 

Composition. — Two  sesquiterpenes,  one  of  which  is  cadinene;  some 
terpenes  (pinene  and  dipentane),  etc. 

Medical  Properties. — Used  largely  in  gonorrhea  mixtures. 
Dose. — 0.5  Cc    (8  minims). 

HUMULUS.     Hops. 

The  carefully  dried  strobiles  of  Humvliis  Lupvlus  Linn^  (Fam.  Moraceoe),  bearing 
their  natural  glandular  trichomes. 

Constituents. — Volatile  oil;  resin;  bitter  acid,  humulotannic  acid; 
phlobaphene,  lupuline  (an  alkaloid).     The  volatile  oil  consists  of  a 
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sesquiterpene,  humulene,  66  per  cent.,  some  olefinic  terpenes,"  oxy- 
genated products,  etc. 

Remarks. — Hops  are  strobiles  of  Humulus  Lupulus,  the  strobile 
being  the  chaffy,  scale-like  form  in  which  the  flowers  of  hops  arrange 
themselves.  They  are  somewhat  similar  to  the  pine-cone,  and  at 
the  base  of  each  scale  the  fruit  is  found — in  the  form  of  a  minute 
nutlet  The  inner  surface  of  the  chaffy  scales  of  hops  are  found 
covered  with  hair-like  appendages  called  by  the  pharmacopoeia 
"glandular  trichomes, "  and  these  trichomes,  shaken  out  from  the  dry 
hops,  constitute  lupulin,  which  is  official  The  medical  action  of  these 
two  drugs  is,  therefore,  quite  similar.  Hops  are  chiefly  used  in  the 
manufacture  of  beer. 

Medical  Properties. — Tonic  and  hypnotic,  chiefly  in  domestic 
practice, — hop  poultice,  etc., — as  in  medicine  the  more  active  lupulin 
is  preferred. 

Dose. — 2  Gm.  (30  grains). 

LUPULINUM.     Lupulin. 

The  glandular  trichomes  separated  from  the  fruit  of  Humvltis  Luptdiis  Linn6 
(Fam.  Moracece). 

Constituents. — Identical  with  those  of  hops  and  in  more  concen- 
trated form. 

Medical  Properties. — Like  hops.  Administered  as  oZeoresin,  U.S.  P. 
(p.  262),  or  as  fluidextract,  U.  S.  P. 

Dose. — 500  milligrammes  (7^  grains). 

DRUGS  CONTAINING  VOLATILE  OIL,  RESIN,  AND  BITTER  PRINCIPLE 

Drugs  of  this  class  closely  resemble  those  just  considered,  the  only 
difference  being  that  while  in  the  class  just  considered  the  aromatic 
feature  prevailed,  the  drugs  now  to  be  taken  are  bitter  rather  than 
aromatic.  The  bitter  principles  found  in  these  drugs  have  not  in 
most  cases  been  carefully  studied. 

PYRETHRUM.     Pyrethrum.     Pellitory. 
The  root  of  Anacydus  Pyrethrum  (Limi6)  De  Candolle  (Fam.  ComposUcB). 

Constituents. — Acrid  resin;  fixed  oil;  much  inulin;  no  starch; 
pyrethrine  (an  alkaloid). 

Remarks. — Pellitory  scarcely  belongs  in  this  class  of  drugs,  as 
there  is  no  mention  in  literature  as  to  its  containing  volatile  oil,  nor 
is  it  strikingly  bitter. 

Medical  Properties. — Sialagogue  and  irritant.  It  is  seldom  used, 
but  is  said  to  be  efficient  in  toothache.     The  tincture  (p.  237)  is  official. 

Dose. — Of  drug,  2  Gm.  (30  grains). 

CYPRIPEDIUM.     Cypripedium. 

The  dried  rhizome  and  roots  of  Cypripedium  hirsutum  Miller  {Cypripedium 
pubescens  Willdenow)  or  of  Cypripedium  parviflorum  Salisbury  (Fam.  OrchvdacecB), 
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Constituents. — Volatile  oil,  resins,  volatile  acid,  bitter  glucoside, 
etc. 

Medical  Properties. — Antispasmodic.  Administered  as  fluidex- 
tract,  U.  S.  P.,  p.  247. 

Dose. — 1  Gm.  (15  grains). 

SALVIA.     Salvia.     Sage. 

The  dried  leaves  of  Salvia  officinalis  Linn6  (Fam.  Labiaioe). 

Constituents. — Volatile  oil,  tannin,  etc. 

The  volatile  oil  consists  of  thujone,  50  per  cent.;  pinene,  cineol, 
borneol,  etc. 

Medical  Properties. — Carminative,  astringent,  flavor.  No  official 
preparations. 

Dose. — 2  Gm.  (30  grains). 

EUPATORIUM.     Eupatorium. 

The  dried  leaves  and  flowering  tops  of  Eupatorium  perfoliatum  Linn6  (Fam. 
Compositoe). 

Constituents. — Volatile  oil,  bitter  principle,  eupatorin,  etc. 
Medical  Properties. — Bitter,  stomachic.     The  fluidextract  (p.  247) 
is  official. 

Dose. — 2  Gm.  (30  grains). 

MARRUBIUM.     Marrubium.    Horehound. 

The  dried  leaves  and  flowering  tops  of  Marrubium  vvlgare  Linn6  (Fam.  Labiaice). 

Constituents. — Volatile  oil,  resin,  marrubiin  (a  bitter  principle  melt- 

POOTT 
ing  at  160°  C),  which  is  the  lactone  of  marrubic  acid,  C2oH28<qtt 

Medical  Properties. — Stimulant,  tonic,  popular  domestic  cough 
remedy. 

Dose. — 2  Gm.  (30  grains). 

ANTHEMIS.     Anthemis.     Roman  Chamomile.     English   Chamomile. 

The  dried  flower-heads  of  Anthemis  nobilis  Linn6  (Fam.  Compositce),  collected 
from  cultivated  plants. 

Constituents. — Volatile  oil;  anthemic  acid;  a  glucoside.  The 
volatile  oil  consists  of  a  mixture  of  the  esters  of  isobutyl,  amyl,  and 
hexyl  alcohols  with  butyric  and  angelic  acids. 

Medical  Properties. — Carminative,  stimulant,  emmenagogue. 

Dose. — 2  Gm.  (30  grains). 

MATRICARIA.     Matricaria.     German  Chamomile. 

The  dried  flower-heads  of  Martricaria  Cham^mUla  Linn^  (Fam.  Compositoe). 

Constituents. — Volatile  oil,  which  is  blue  in  color;  anthemic  acid. 
Medical  Properties. — Like  anthemis. 
Dose.— 16  Gm.  (240  grains). 
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CALENDULA.     Calendula.     Marigold. 
The  dried  ligvdate  florets  of  Calendula  officinalis  Linn6  (Fam.  Compositoe). 

Constituents. — Volatile  oil;  resin;  bitter  principle;  calendulin 
(inert). 

Remarks. — Calendula  belongs  to  the  largest  of  all  plant  families, 
the  Compositae,  or  sunflower  family.  The  type  of  the  family  is  the 
sunflower,  the  large  so-called  "flower"  of  which  is  really  a  large 
collection  of  small  flowers  arranged  in  a  close  cluster  or  head.  An 
examination  of  the  sunflower  will  show  this:  the  black,  brush-like 
disc  being  composed  of  florets  of  one  sort  (the  tubular),  while  the  outer 
row  is  composed  of  florets  with  a  large  yellow  expansion  of  the  petal 
on  one  side.  As  this  expansion  is  somewhat  strap-shaped,  such  little 
flowers  as  have  them  are  called  ligulate,  from  the  Latin  ligula,  a  strap. 
Flower-heads,  like  the  sunflower,  being  compounded  of  many  little 
flowers,  are  grouped  into  a  plant  family  called  the  Compositae.  To 
this  family  belong  the  two  chamomiles  and  arnica,  and  an  examination 
of  any  of  these  will  show  the  many  little  florets  that  go  to  make  up  the 
flower-head,  while  the  official  calendula  consists  of  the  ligulate  florets 
only. 

ARNICA.     Arnica. 

[ArnicjB  Flores,  Pharm.  1890] 
The  dried  flower-heads  of  Arnica  montana  Linn6  (Fam.  Compositce). 

Constituents. — Volatile  oil;  resin;  arnicin;  arnicine. 
Medical  Properties. — Irritant  and  vulnerary.     Used  chiefly  exter- 
nally in  the  form  of  the  official  tincture  (p.  222). 
Dose — Of  drug,  1  Gm.  (15  grains). 

Arnica  root,  U.  S.  P.  1890,  contain  about  the  same  constituents  as  the  flowers 
and  is  used  for  the  same  purpose. 

OLEORESINS  AND  BALSAMS 

In  this  class  we  group  those  drugs  which  are  plant  exudations 
and  consist  of  a  mixture  of  volatile  oil  and  resin  (natural  oleoresins) 
or  of  an  oleoresin  containing  benzoic,  cinnamic,  and  other  aromatic 
acids  (balsams).  We  have  already  studied  (p.  259)  pharmaceutic 
oleoresins,  those  bodies  prepared  by  extracting  the  oil  and  resins  from 
such  plant  drugs  as  we  have  just  considered — e.  g.,  capsicum,  cubeb, 
etc. — by  percolation  with  acetone,  ether,  or  alcohol.  The  oleoresins 
we  will  now  consider  are  natural  exudations,  oozing  from  trunks  of 
trees  through  natural  fissures  or  artificial  incisions. 

TEREBINTHINA.     Turpentine. 

A  concrete  oleoresin  obtained  from  Pinus  paltistris  Miller,  and  from  other  species 
of  Pinita  (Fam.  Pinacece). 

Constituents. — Volatile  oil,  25  per  cent.;  resin,  70  per  cent,  (rosin, 
U.  S.  P.). 

Remarks. — This  substance  is  familiarly  and  incorrectly  called 
"gum  turpentine."     Already  it  has  been  mentioned  that  the  modern 
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idea  of  a  gum  is  a  substance  soluble  in  water  and  insoluble  in  alcohol. 
As  turpentine  is  insoluble  in  water  and  soluble  in  alcohol,  it  is  clear 
it  should  no  longer  be  considered  among  the  "gums." 

We  will  consider  rosin  in  the  chapter  devoted  to  Resinous  Bodies, 
at  which  time  its  chemistry  will  be  discussed. 

Medical  Properties. — Stimulant.  Used  almost  entirely  externally 
as  plaster  base. 

OLEUM   TEREBINTHINiE.     Oil  of  Turpentine. 

A  volatile  oil  recently  distilled  from  turpentine.  It  should  be  kept  in  well- 
stoppered  bottles. 

A  thin,  colorless  liquid,  having  a  characteristic  odor  and  taste,  both  of  which 
become  stronger  and  less  pleasant  by  age  and  exposure  to  the  air. 

Specific  gravity:  0.860  to  0.870  at  25°  C.  (77°  F.). 

When  Oil  of  Turpentine  is  distilled,  the  larger  part  should  pass  over  between 
155°  and  162°  C.  (311°  and  323.6°  F.). 

Soluble  in  3  times  its  volume  of  alcohol. 

If  5  Cc.  of  Oil  of  Turpentine  be  shaken  with  an  equal  volume  of  potassium  hy- 
droxide T.S.,  its  color  should  not  become  darker  than  a  Hght  straw-yellow  upon 
standing  twenty-four  hours. 

If  1  Cc.  of  the  Oil  be  evaporated  in  a  small  dish  on  a  water-bath,  it  should  leave 
not  more  than  a  very  slight  residue  (absence  of  -petroleum,  paraffin  oils,  or  rosin). 

Three  drops  of  Oil  of  Turpentine,  placed  on  a  sheet  of  clean  white  filter-paper 
and  exposed  to  the  air,  should  evaporate  entirely  without  leaving  a  permanent  stain 
(absence  of  kerosene  or  rosin  oil). 

If  5  Cc.  of  Oil  of  Turpentine  be  placed  in  a  small  beaker,  and  20  Cc.  of  sulphuric 
acid  be  gradually  added,  with  agitation,  while  the  beaker  is  cooled  by  immersion  in 
cold  water,  and  the  contents,  after  cooling  and  renewed  agitation,  be  transferred 
to  a  burette,  graduated  in  tenths,  the  clear  layer  which  forms  after  the  dark  mass 
has  settled  should  not  measure  more  than  0.35  Cc.  (absence  of  petroleum  benzin, 
kerosene,  or  similar  hydrocarbons). 

Composition. — Chiefly  pinene.  The  American  oil  is  dextrogyrate, 
while  the  French  oil  is  laevogyrate.  Otherwise  the  two  are  practically 
identical. 

Medical  Properties. — Stimulant,  antiseptic,  urinary  disinfectant. 
The  pharmacopoeia  directs  that  for  internal  use  the  rectified  oil  should 
be  employed. 

OLEUM   TEREBINTHINiE   RECTIFICATUM.     Rectified  Oil  of 

Turpentine. 

Recipe. — Oil  of  Turpentine,  a  convenient  quantity. 

Solution  of  Sodium  Hydroxide,  a  sufficient  quantity. 

Shake  the  Oil  of  Turpentine  thoroughly  with  an  equal  volume  of  Solution  of 
Sodium  Hydroxide,  and  introduce  the  mixture  into  a  copper  still  connected  with  a 
well-cooled  condenser.  Recover  about  three-fourths  of  the  Oil  by  distillation,  sepa- 
rate the  clear  Oil  from  the  water,  and  filter.  Keep  the  product  in  well-stoppered, 
amber-colored  bottles,  in  a  cool  place. 

Rectified  Oil  of  Turpentine  should  always  be  dispensed  when  oil  of  turpentine 
is  required  for  internal  use. 

A  thin,  colorless  liquid,  which  should  conform  to  the  properties  and  tests  given 
under  Oleum  Terebinthinoe. 

Specific  gravity:  0.860  to  0.865  at  25°  C.  (77°  F.). 

If  about  10  Cc.  of  the  Oil  be  evaporated  in  a  dish  on  a  water-bath,  no  weighable 
residue  should  be  left. 
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Remarks. — It  will  be  seen  that  this  represents  the  commercial 
oil  mixed  with  alkali  and  redistilled,  and  it  is  thus  freed  from  acids 
(formic,  etc.)  which  are  present  in  the  crude  oil,  giving  it  irritating 
properties. 

Medical  Properties. — That  of  the  crude  oil. 

Dose. — 1  Cc.  (15  minims). 

The  emulsion  (p.  271)  is  official. 

TEREBINTHINA   CANADENSIS.     Canada  Turpentine.     Balsam  of 

Fir. 

A  liquid  oleoresin  obtained  from  Abies  balsamea  (Linn6)  Miller  (Fam.  Coniferce). 

Composition. — Volatile  oil,  resin,  bitter  principle. 

The  volatile  oil  is  chiefly  isevogyrate  pinene. 

Medical  Properties. — External  stimulant.  A  constituent  of  flexible 
collodion,  U.  S.  P.  (p.  209). 

Used  largely  for  mounting  microscopic  specimens,  the  object  being 
embedded  in  a  hard,  transparent  varnish  after  standing. 

Venice  Turpentine. — Was  originally  the  oleoresin  from  Larix  decidua,  the  larch, 
a  tree  closely  related  to  the  pine.  The  product  sold  in  American  drug-stores  for 
"drawing  out"  splinters  saw  neither  Venice  nor  the  larch  tree,  but  is  made  by  dis- 
solving rosin  in  oil  of  turpentine. 

PIX  LIQUIDA,     Tar. 

A  product  obtained  by  the  destructive  distillation  of  the  wood  of  Pinus  pcdiistris 
Miller,  or  of  other  species  of  Pinus  (Fam.  Pinacece). 

Constituents. — Volatile  oil,  U.  S.  P.;  pitch;  pyroligneous  acid 
(p.  645). 

Remarks. — Tar  is  made  by  stacking  billets  of  pine  wQod  on  the 
earth  into  a  conical  mound,  and  setting  fire  to  the  wood  after  covering 
with  plastered  earth.  Enough  air  is  admitted  through  holes  in  the 
earth  covering  to  permit  the  wood  to  smoulder,  and  a  hole  at  the  top 
of  the  mound  serves  as  a  chimney.  Before  stacking  the  wood,  radiat- 
ing ditches  are  dug  on  the  ground  on  which  the  mound  is  to  be  built, 
the  ditches  running  into  a  circular  trench  surrounding  the  mound.  The 
smouldering  heat  decomposes  the  wood  into  smoke,  which  passes  off 
through  the  hole  in  the  top  of  the  mound;  tar,  which  runs  into  the  cir- 
cular trench  and  is  dipped  up  into  barrels;  and  charcoal,  which  is  sacked 
after  the  fire  is  extinguished  and  the  earth  covering  removed.  The 
process  has  already  been  touched  upon  on  pp.  83  and  406. 

Medical  Properties. — Stimulant  and  antiseptic.  Used  for  bron- 
chial affections  as  the  official  syrup  (p.  197),  and  externally  as  the 
official  ointment  (p.  348). 

Dose. — 500  milligrammes  (7^  grains). 

Glycerole  of  tar  (N.  F.)  is  made  by  mixing  washed  tar  with  alcohol,  triturating  mix- 
ture with  magnesium  carbonate  and  water,  and  filtering.  It  contains  the  equivalent 
of  63  Gm.  tar  to  the  liter.  A  simpler  recipe  consists  in  mixing  1  fluidounce  oil  of  tar 
with  2  fluidounces  of  alcohol,  triturating  to  smooth  paste  with  6  drachms  magnesium 
carbonate,  adding  4  fluidounces  glycerin  and  4  fluidounces  water,  macerating  several 
days,  and  then  filtering.     (See  p.  197.) 
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OLEUM   PICIS  LIQUIDiE.     Oil  of  Tar. 

A  volatile  oil  distilled  from  tar. 

An  almost  colorless  liquid  when  freshly  distilled,  but  soon  acquiring  a  dark 
reddish-brown  color,  and  having  a  strong,  tarry  odor  and  taste. 

Specific  gravity:  about  0.965  at  25°  C.  (77°  F.). 

It  is  readily  soluble  in  alcohol,  the  solution  showing  an  acid  reaction  to  litmus- 
paper. 

Composition. — A  vast  number  of  products  similar  to  those  obtained 
in  the  manufacture  of  crude  pyroligneous  acid,  such  as  toluene, 
xylene,  mesitylene,  phenol,  creosote,  naphthalene,  etc. 

Medical  Properties. — Stimulant  and  antiseptic. 

Dose. — 0.2  Cc.  (3  minims). 

OLEUM  CADINUM.     Oil  of  Cade. 

A  product  of  the  dry  distillation  of  the  wood  of  Juniperus  Oxycedrus  Linn6  (Fam. 
Coniferce). 

A  brownish  or  dark  brown,  clear,  thick  liquid,  having  a  tarry  odor,  and  an  empy- 
reumatic,  burning,  somewhat  bitter  taste. 

It  is  almost  insoluble  in  water,  but  imparts  to  it  an  acid  reaction;  it  is  only 
partially  soluble  in  alcohol,  but  it  is  completely  soluble  in  ether. 

Composition. — Phenols,  resin,  large  amount  of  cadinene. 
Medical  Properties. — Like  tar,  chiefly  externally. 

COPAIBA.     Copaiba.     Balsam  of  Copaiva. 

An  oleoresin  derived  from  one  or  more  South  American  species  of  Copaiba  (Fam. 
Leguminosoe) . 

A  pale  yellow  to  brownish-yellow,  more  or  less  transparent  and  viscid  liquid, 
sometimes  fluorescent;  having  a  peculiar,  aromatic  odor  and  a  persistent,  bitter,  and 
acrid  taste. 

Specific  gravity:  0.950  to  0.995  at  25°  C.  (77°  F.). 

Insoluble  in  water;  soluble  or  showing  at  most  a  slight  opalescence  in  absolute 
alcohol,  carbon  disulphide,  petroleum  benzin,  and  in  fixed  and  volatile  oils;  com- 
pletely soluble  in  chloroform  and  ether. 

When  heated  on  a  water-bath,  it  should  evolve  no  odor  of  turpentine,  and  after 
forty-eight  hours  should  leave  a  resinous  mass  weighing  not  less  than  50  per  cent, 
of  its  original  weight. 

One  Gm.  of  Copaiba,  when  dissolved  in  50  Cc.  of  alcohol,  should  require  not  less 
than  2.3  Cc,  and  not  more  than  2.8  Cc.  of  half-normal  alcoholic  potassium  hydroxide 
for  neutralization,  using  1  Cc.  of  phenolphthalein  T.S.  as  indicator  (presence  of  a 
normal  proportion  of  acid  resin). 

When  4  drops  of  nitric  acid  (sp.  gr.  1.40)  and  1  Cc.  of  glacial  acetic  acid  are  mixed 
in  a  test-tube,  and  4  drops  of  Copaiba  are  carefully  poured  on  top  of  the  liquid,  no 
reddish  zone  should  appear;  nor  should  the  fluid  assume  a  red  or  purple  color  after 
being  shaken  (absence  of  gurjun  balsam). 

If  5  Cc.  of  Copaiba  be  shaken  with  15  Cc.  of  alcohol,  and  heated  to  boiling  for  one 
minute,  no  drops  of  oil  should  separate  after  cooling  and  standing  for  an  hour  (ab- 
sence of  paraffin  oUs). 

If  20  drops  of  Copaiba  be  boiled  with  1  Cc.  of  an  alcoholic  potassium  hydroxide 
solution  (1  in  10)  for  two  minutes  and  cooled,  and  then  twice  its  volume  of  ether  be 
added  to  the  liquid,  no  gelatinization  should  occur  (absence  of  fixed  oils). 

If  1  Gm.  of  Copaiba  be  shaken  with  10  Cc.  of  ammonia  water  in  a  stoppered  vial, 
and  allowed  to  stand  for  twenty-four  hours,  the  liquid  will  become  turbid,  but  it 
should  not  gelatinize,  nor  should  a  firm  mass  be  formed  (limit  of  resin). 

Tests  for  Identity. — Given  above. 

Impurities. — Gurjun  balsam,  paraffin  oils,  fixed  oils,  excess  of 
resin.     Details  above. 
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Constituents. — Volatile  oil  (80  per  cent,  in  best  quality),  resin 
(p.  854). 

Remarks. — Copaiba  has  been  largely  adulterated,  hence  lengthy 
tests  given  above.  For  making  mass  of  copaiba,  U.  S.  P.  1890,  samples 
containing  large  amounts  of  resin  should  be  employed,  such  as  the 
Maracaibo  copaiba,  which  contains  only  30  per  cent,  to  40  per  cent, 
oil. 

Medical  Properties. — Urinary  antiseptic.  Popular  remedy  for 
gonorrhea,  administered  in  emulsion,  such  as  copaiba  mixture   N.  F. 

Dose. — 1  Cc.  (15  minims). 

OLEUM   COPAIBiE.     Oil  of  Copaiba. 

A  volatile  oil  distilled  from  Copaiba.  It  should  be  kept  in  weU-stoppered,  amber- 
colored  bottles,  in  a  cool  place,  protected  from  light. 

A  colorless  or  pale  yellow  liquid,  having  the  characteristic  odor  of  copaiba,  and  an 
aromatic,  slightly  bitter,  and  pungent  taste. 

Specific  gravity:  0.895  to  0.905  at  25°  C.  (77°  F.),  increasing  with  age.  It  is 
laevogyrate. 

Soluble  in  2  volumes  of  alcohol. 

Composition. — Caryophyllene;    other   constituents   uncertain. 
Medical  Properties. — Similar  to  copaiba,  but  the  oleoresin  is  con- 
sidered more  useful. 

Dose. — 0.5  Cc.  (8  minims). 

OFFICIAL  BALSAMS 

Balsams  are  natural  products,  differing  from  oleoresins  only  in 
possessing  benzoic  and  cinnamic  acids,  the  presence  of  which  give  the 
balsams  their  delightful  odor.  As  all  so-called  "gums"  are  not  true 
gums,  even  so  every  substance  termed  a  balsam  does  not  come  within 
the  pharmaceutic  meaning  of  that  term.  For  instance,  copaiba  is 
not  a  true  balsam,  since  it  contains  neither  benzoic  nor  cinnamic  acid. 
It  is  an  oleoresin  pure  and  simple. 

BALSAMUM   PERUVIANUM.     Balsam  of  Peru. 

A  balsam  obtained  from  Toluifera  Pereirce  (Royle)  Baillon  (Fam.  Leguminosce) . 

A  viscid  liquid  of  a  dark  brown  color,  free  from  stringiness  or  stickiness;  trans- 
parent and  reddish-brown  in  thin  layers;  of  an  agreeable  vanilla-like  odor  and  a  bitter 
acrid  taste,  with  a  persistent  after-taste.  When  swallowed  it  leaves  a  burning  sen- 
sation in  the  throat.     It  does  not  harden  on  exposure  to  the  air. 

Specific  gravity:  1.140  to  1.150  at  25°  C.  (77°  F.). 

Completely  soluble  in  absolute  alcohol,  chloroform,  and  glacial  acetic  acid;  only 
partially  soluble  in  ether  and  petroleum  benzin;  soluble  in  5  parts  of  alcohol,  with 
not  more  than  a  slight  opalescence.  Water,  when  agitated  with  the  Balsam,  shows 
an  acid  reaction  to  blue  litmus-paper. 

If  10  drops  of  the  Balsam  be  triturated  with  20  drops  of  sulphuric  acid,  a  tough, 
homogeneous,  brownish-red  mass  should  result,  which,  when  washed  with  cold  water, 
should  develop  a  violet  color  upon  its  surface,  and,  when  drained,  be  converted  into 
a  brittle  resinous  mass  (absence  of  fixed  oils). 

If  1  Gm.  of  the  Balsam  be  shaken  with  5  Cc.  of  petroleum  benzin,  the  mixture 
warmed  on  a  water-bath  for  ten  minutes,  and  a  sufficient  quantity  of  the  solvent  be 
added  to  replace  loss  by  evaporation,  then  if  2  Cc.  of  the  benzin  solution  be  evaporated 
and  treated  with  a  drop  of  nitric  acid  (sp.  gr.  1.42),  a  permanent  green  or  bluisn-green 
color  should  not  be  produced  (absence  of  rosin). 

The  remaining  3  Cc.  of  the  benzin  solution,  when  shaken  with  an  equal  volume 
of  an  aqueous  solution  of  copper  acetate  (1  in  1000),  should  not  be  colored  green  or 
bluish-green  (absence  of  rosin,  turpentine,  storax,  fatty  oils,  etc.). 
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On  mixing  the  Balsam  with  half  its  volume  of  calcium  hydroxide  and  heating 
for  half  an  hour  on  a  water-bath,  a  solid  mass  should  not  be  formed  (absence  of  rosin, 
storax,  or  copaiba). 

If  1  Gm.  of  the  Balsam  be  dissolved  in  100  Cc.  of  alcohol  and  1  Cc.  of  phenol- 
phthalein  T.S.  be  added,  not  more  than  2  Cc.  of  half-normal  alcoholic  potassium 
hydroxide  should  be  required  to  produce  a  pink  color  (limit  of  acid  resins). 

Mix  3  Gm.  of  the  Balsam  with  30  Cc.  of  sodium  hydroxide  T.S.  and  shake  the 
mixture  for  a  few  minutes  with  60  Gm.  of  ether.  Transfer  51.5  Gm.  of  the  ether- 
solution  to  a  flask  and  evaporate  to  dryness.  The  residue,  when  dried  to  constant 
weight  by  a  gentle  heat,  should  weigh  not  less  than  1.4  Gm.  (presence  of  at  least  56 
per  cent,  of  cinnamein).  If  this  residue  be  dissolved  in  25  Cc.  of  alcohol,  then  mixed 
with  25  Cc.  of  half-normal  alcoholic  potassium  hydroxide  V.S.,  and  heated  carefully 
during  half  an  hour  on  a  water-bath,  it  should  require  not  more  than  13.2  Cc.  of 
half-normal  hydrochloric  acid  V.S.  to  exactly  neutraUze  the  liquid,  1  Cc.  of  phenol- 
phthalein  T.S.  being  used  as  indicator. 

Tests  for  Identity. — Given  above. 

Impurities. — Fixed  oils,  rosin,  turpentine,  storax,  fatty  oils, 
copaiba,  excess  of  acid  resins.     Details  above. 

Assay. — Cinnamein,  56  per  cent.     Details  above. 

Constituents. — Volatile  oil  (called  cinnamein),  60  per  cent.;  resin, 
30  per  cent,;  benzoic  and  cinnamic  acids;  vanillin,  etc. 

The  volatile  oil  consists  of  benzyl  alcohol,  benzylic  benzoate,  and 
benzylic  cinnamate. 

The  resin  yields  66  per  cent,  protocatechuic  acid,  on  fusing  with 
potassium  hydroxide. 

Remarks. — Of  the  tests  given  above,  reference  need  be  made  only 
to  the  cinnamein  assay,  which  concluded  with  estimation  of  its 
saponification  number,  performed  like  the  assay  of  oil  of  pepper- 
mint (p.  1043). 

Medical   Properties. — Stimulant,    antiseptic.     Chiefly    externally. 

Dose. — 1  Gm.  (15  grains). 

BALSAMUM   TOLUTANUM.     Balsam  of  Tolu. 

A  balsam  obtained  from  Toluijera  Balsamum  Linn6  (Fam.  Leguminosce). 

A  yellowish-brown,  plastic  solid,  becoming  brittle  when  old,  dried,  or  exposed 
to  cold.  It  is  transparent  in  thin  layers,  has  a  pleasant,  aromatic  odor,  recalling 
that  of  vanilla,  and  a  mild,  aromatic,  taste. 

Readily  soluble  in  alcohol,  the  solution  showing  an  acid  reaction  to  blue  litmus- 
paper;  also  soluble  in  chloroform  and  the  solutions  of  the  fixed  alkalies;  almost  com- 
pletely soluble  in  ether,  but  nearly  insoluble  in  water  and  petroleum  benzin;  par- 
tially soluble  in  carbon  disulphide. 

If  0.5  Gm.  of  the  Balsam  be  shaken  with  25  Cc.  of  carbon  disulphide  and  allowed 
to  stand  for  thirty  minutes,  and  the  liquid  then  filtered,  the  residue  obtained  by 
evaporating  the  filtrate  to  dryness,  when  dissolved  in  glacial  Ecetic  acid,  should  not 
yield  a  green  color  on  the  addition  of  a  few  drops  of  sulphuric  acid  (absence  of  rosin). 

If  1  Gm.  of  the  Balsam  be  shaken  with  8  Cc.  of  petroleum  benzin  for  five  minutes, 
the  supernatant  liquid  should  not  be  colored  green  when  shaken  with  an  equal 
volume  of  an  aqueous  solution  of  copper  acetate  (1  in  1000)  (absence  of  rosin  and 
copaiba). 

If  to  1  Gm.  of  the  Balsam  dissolved  in  50  Cc.  of  alcohol,  1  Cc.  of  phenolphthalein 
T.S.  be  added,  not  less  than  4  Cc.  nor  more  than  6  Cc.  of  half-normal  alcoholic  potas- 
sium hy^droxide  V.S.  should  be  required  to  produce  a  red  color  (limit  of  acidity); 
if  to  this  liquid  more  half-normal  alcoholic  potassium  hydroxide  V.S.  be  added,  until 
the  total  amount  has  reached  exactly  20  Cc,  and  the  liquid  heated  in  a  water-bath 
for  half  an  hour,  and  allowed  to  cool,  then  not  less  than  13.2  Cc.  nor  more  than  14.5 
Cc.  of  half-normal  sulphuric  acid  V.S.  should  be  required  to  neutralize  the  excess  of 
potassium  hydroxide  V.S.,  phenolphthalein  T.S.  being  used  as  indicator  (limit  of 
saponifiable  substances). 
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Tests  for  Identity. — Given  above. 

Impurities. — Rosin,  copaiba,  excess  of  acidity  and  of  saponifiable 
substances.     Details  above. 

Constituents. — Volatile  oil;  two  resins;  benzoic  and  cinnamic  acids; 
esters  of  these  two  acids  with  benzyl  alcohol.  The  composition  of 
volatile  oil  not  known. 

Medical  Properties. — Flavor,  stimulant,  popularly  used  as  an 
expectorant  in  the  form  of  the  official  syrup  (p.  202),  which  is  made 
from  the  official  tincture  (p.  237).  A  constituent  of  compound  tincture 
of  benzoin  (p.  223) . 

Dose. — 1  Gm.  (15  grains). 

STYRAX.     Storax. 

A  balsam  obtained  from  the  wood  and  inner  bark  of  Liquidambar  orientalis 
Miller  (Fam.  Hamamelidaceoe). 

A  semisolid,  grayish,  sticky,  opaque  mass,  depositing,  on  standing,  a  heavy, 
dark  brown  stratum;  transparent  in  thin  layers  and  having  an  agreeable  odor  and  a 
balsamic  taste. 

Insoluble  in  water,  but  completely  soluble  (with  the  exception  of  accidental 
impurities)  in  an  equal  weight  of  warm  alcohol. 

If  the  alcohoUc  solution,  which  has  an  acid  reaction,  be  cooled,  filtered,  and 
evaporated,  it  should  leave  not  less  than  70  per  cent,  of  the  original  weight  of  the 
balsam,  in  the  form  of  a  brown,  semiliquid  residue  almost  completely  soluble  in 
ether  and  in  carbon  disulphide,  but  insoluble  in  petroleum  benzin. 

When  heated  on  a  water-bath,  Storax  becomes  more  fluid,  and  if  it  be  then  agitated 
with  warm  petroleum  benzin,  the  supernatant  liquid,  on  being  decanted  and  allowed 
to  cool,  will  be  colorless,  and  will  deposit  white  crystals  of  cinnamic  acid  and  cin- 
namic esters. 

Constituents. — Volatile  oil;  resin;  benzoic  and  cinnamic  acids; 
styracine  (cinnamate  of  cinnamyl)  and  other  ethers;  vanillin;  cinna- 
mene  (or  styrol),  CeH-CH  =  CH2. 

The  volatile  oil  consists  of  cinnamene,  styrocamphene,  and  esters 
of  cinnamic  acid. 

Remarks. — This  product,  while  quite  similar  to  the  "sweet  gum" 
of  the  southern  States,  is  not  identical  therewith,  the  latter  being 
the  exudation  of  liquidambar  styraciflua. 

Medical  Properties. — Similar  to  balsam  of  Peru.  A  constituent  of 
compound  tincture  of  benzoin  (p.  237). 

Dose. — 1  Gm.  (15  grains). 


CHAPTER   XLVIII 

RESIN  ACIDS  AND  NEUTRAL  PRINaPLES 

This  chapter  deals  with  plant  principles,  of  which  less  is  known 
than  any  other  group  of  chemical  substances — in  truth,  the  only 
reason  why  these  bodies  are  grouped  into  this  chapter  is  because  they 
have  not  been  sufficiently  studied  to  know  to  what  classes  of  chemicals 
they  belong,  and  as  its  composition  is  worked  out,  each  body  will  be 
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placed  in  its  appropriate  position  in  systematic  chemistry,  leaving 
nothing  for  discussion  in  this  chapter. 

This  work  is  already  begun.  It  is  now  known  that  resin  of  jalap 
owes  its  activity  to  the  glucoside,  convolvulin;  while  resin  of  scammony 
is  active  because  of  its  glucoside,  scammonin;  therefore,  these  two 
so-called  resins  are  considered  among  the  glucosidal  drugs. 

The  phrase  "resin  acid"  is  here  used  in  the  attempt  to  classify 
the  important  constituent  found  in  the  several  plant  products  which 
we  call  resins.  These  bodies  are  best  defined  as  plant  substances 
soluble  in  alcohol,  insoluble  in  water,  and  dissolving  in  alkalis  to  form 
"resin  soaps."  Hence  they  are  acid  in  character.  Whether  all  the 
resins  considered  in  this  chapter  will  on  investigation  comply  with 
this  definition  remains  to  be  seen,  and  let  it  be  distinctly  understood 
that  practically  all  resins  are  far  more  complex  than  the  above  defini- 
tion implies. 

Tschirch  has  attempted  a  classification  of  resins  as  follows: 
Resin  Esters  or  Their  Saponification  Products:     (Resines.) 

These  esters  are  combinations  of  aromatic  acids,  such  as  benzoic,  cinnamic, 

and  ferulic  acids,  with  resin  alcohols  (resinoles). 
The  resin  alcohols  can  be  grouped  into  two  classes,  according  as  they  do  or  do 
not  give  the  tannin  reaction,  the  latter  class  being  called  resm-tannols. 
Among  the  tannin-free  resinols  may  be  mentioned  storesin  in  storax;  while 
as  examples  of  resin  tannols  may  be  cited  toluresin  tannol  in  balsam  of  tolu. 

Resinol  Acids: 

Resin  acids,  such  as  abietinic  acid  in  rosin,  guaiaconic  acid  in  guaiac,  and 
copaivic  acid  in  copaiba. 

Resenes: 

Indifferent  substances  of  unknown  composition,  such  as  dracoresene  in  dragon's 
blood. 

Resins  are  sometimes  extracted  from  drugs  by  means  of  solvents 
(exaniple:  the  resin  from  Phytolacca);  sometimes  represent  practically 
entire  plant  exudation  (example:  mastic);  frequently  exude  from 
plants  combined  with  volatile  oils,  then  forming  the  class  of  drugs 
called  oleoresins  (example:  turpentine,  U.  S.  P.);  and  often  exuding 
mixed  with  gummy  substances,  such  an  exudation  being  called  a 
gum-resin  (example:  asafetida).  Occasionally,  the  resin  which 
exudes  is  aromatic  by  reason  of  the  benzoic  and  cinnamic  acid  it 
contains,  the  example  of  such  a  balsamic  resin  being  benzoin  (p.  855), 
while  natural  oleoresin  similarly  flavored  with  benzoic  and  cinnamic 
acid  is  called  a  balsam  (example:  balsam  of  tolu  (p.  850).  Th-e  last 
two  classes  of  drugs  as  well  as  the  oleoresins  were  discussed  in  the 
preceding  chapter.  It  is  advisable  right  here  again  to  call  attention 
to  the  distinction  between  natural  and  pharmaceutic  oleoresins, 
already  discussed  on  p.  259. 

Neutral  principles  are  plant  principles  of  whose  structural  chemistry 
— of  whose  position  in  systematic  chemistry — we  know  little  or 
nothing.  They  are  usually  bitter  and  crystalline,  are  neither  basic 
like  alkaloids  nor  derivatives  of  glucose,  as  are  the  glucosides.  That 
the  grouping  is  purely  artificial  and  temporary  is  shown  by  the  fact 
that  the  most  carefully  studied  neutral  principle,  santonin,  is  now 
known  to  be  a  lactone  derived  from  hexahydrodimethyl-naphthalin 


RESIN   ACIDS  AND   NEUTRAL  PRINCIPLES  853 

and  will  soon  be  considered  in  text-books  among  the  naphthalin  deriva- 
tives, even  as  coumarin,  a  lactone  of  oxycinnamic  acid,  is  studied 
among  the  derivatives  of  allyl-benzene  (p.  797). 

It  is  apparent,  after  these  preliminary  remarks,  that  it  is  useless 
to  discuss  the  chemistry  of  resins  and  of  neutral  principles;  so  we  will 
proceed  forthwith  to  a  discussion  of  the  drugs  containing  these 
bodies. 

RESINS,   GUH-RESINS.   AND   DRUGS   CONTAINING   NEUTRAL 

PRINCIPLES 

OFFICIAL  RESINS 

GUAIACUM.     Guaiac. 

The  resin  of  the  wood  of  Guaiacum  officinale  Linn6,  or  of  Guaiacum  sanctum 
Linne  (Fam.  Zygophyllacece). 

Usually  in  irregular  masses;  externally  greenish-gray  brown;  brittle,  the  fracture 
having  a  glassy  lustre,  in  recent  Guaiac  yeUowish-green  or  reddish-brown;  trans- 
parent in  thin  splinters;  fusible;  odor  balsamic;  taste  slightly  acrid. 

The  powder  is  grayish,  turning  green  on  exposure  to  air. 

Not  more  than  15  per  cent,  of  Guaiac  is  insoluble  in  alcohol,  and  the  alcoholic 
solution  becomes  blue  on  the  addition  of  tincture  of  ferric  chloride;  acid  number 
not  less  than  70  nor  more  than  80;  ash  not  more  than  4  per  cent.  The  filtrate  ob- 
tained on  macerating  the  powder  with  4  or  5  times  its  weight  of  petroleum  benzin 
should  be  colorless,  and  should  not  give  a  green  color  on  the  addition  of  an  equal 
volume  of  solution  (1  in  1000)  of  cupric  acetate  (absence  of  rosin). 

Tests  for  Identity. — Given  above. 

Acid  Number.— 70  to  80.     Details  in  Part  V. 

Impurity. — Rosin.     Details  above. 

Constituents. — Guaiaconic  acid,  C19H20O5;  guaiaretic  acid,  C20H28O4, 
beta-resin,  guaiacic  acid. 

These  acids  are  typical  "resin  acids"  (p.  852). 

Remarks. — The  alcoholic  solution  is  characterized  by  turning 
blue  in  the  presence  of  oxidizing  agents,  such  as  ferric  chloride  (U.  S.  P. 
test). 

By  reason  of  this  property  filter-paper  steeped  in  tincture  of 
guaiac  is  used  as  a  test-paper  for  ozone  and  for  blood,  the  hematin  of 
the  latter  acting  as  the  oxidizing  agent. 

Medical  Properties. — Alterative  in  syphilis  and  rheumatism. 
The  tincture  (p.  228)  and  the  ammoniated  tincture  (p.  228)  are  official. 

Dose. — Of  drug,  1  Gm.  (15  grains). 

Guaiac  wood,  the  wood  from  which  the  above  resin  is  derived,  was  recognized 
in  the  pharmacopoeia  of  1890,  but  is  no  longer  official.  It  owes  its  properties  almost 
entirely  to  the  resin,  although  it  is  said  to  also  contain  a  saponin. 

MASTICHE.     Mastic. 

A  concrete  resinous  exudation  from  Pistacia  Lentiscus  Linn^  (Fam.  Anacar- 
diacece). 

In  subglobular,  lenticular,  elongated  or  pear-shaped  tears,  about  3  Mm,  m 
diameter,  pale  yellow  or  greenish-yellow,  transparent,  having  a  glass-like  lustre, 
the  surface  sometimes  very  slightly  dustv;  brittle,  becoming  plastic  when  chewed; 
odor  slight,  balsamic;  taste  mild,  terebinthinate. 

Mastic  is  completely  soluble  in  ether  and  ahnost  completely  soluble  m  alcohol. 
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Tests  for  Identity. — Given  above. 

Acid  Number. — Not  less  than  65.     Details  in  Part  V. 

Constituents. — Mastichin,  C2PH31O  (or  beta-resin);  mastichic  acid, 
CzoHojOj  (or  alpha-resin);  volatile  oil,  2  per  cent. 

Remarks. — The  pharmacopoeia  requires  an  acid  number  of  not  less 
than  65  for  this  drug. 

An  explanation  of  this  standard  for  resins  is  given  under  Vol- 
umetric Analysis  (p.  1045). 

Medical  Properties. — Carminative.  Ingredient  of  pills  of  aloes 
and  mastic  (p.  322). 

Dose. — Of  drug,  2  Gm.  (30  grains). 

Burgundy  pitch  is  no  longer  official,  having  been  dropped  in  the  last  revision.  It 
is  a  resin  prepared  from  a  species  of  fir,  and  is  used  in  medicine  exclusively  for  the 
preparation  of  plasters. 

Resin  of  copaiba  (U.  S.  P.  1890),  while  considered  as  a  pharma- 
ceutic on  p.  293,  is  worthy  of  a  few  lines  devoted  to  its  chemistry.  It 
is  the  residue  left  on  distillation  of  official  copaiba,  and,  like  all  true 
resins,  consists  largely  of  a  solid  acid — in  this  case,  copaivic  acid. 
As  mentioned  on  p.  312,  this  acid  combines  with  moist  magnesium 
oxide  to  form  a  salt,  and  to  this  action  is  due  the  solidification  of 
oleoresin  in  making  mass  of  copaiba. 

RESINA.     Rosin. 

The  residue  left  after  distilling  off  the  volatile  oil  from  turpentine. 

Usually  in  sharp,  angular  fragments,  translucent,  amber-colored,  usually 
covered  with  a  yellowish  dust;  at  ordinary  temperatures  brittle,  pulverizable;  frac- 
ture shiny  and  shallow-conchoidal;  odor  and  taste  faintly  terebinthinate. 

The  specific  gravity  of  Rosin  is  1.070  to  1.080;  it  is  easily  fusible,  and  bums  with 
a  dense  yellowish  smoke,  yielding  no  appreciable  ash;  soluble  in  alcohol,  ether,  ben- 
zene, carbon  disulphide,  acetic  acid,  fixed  or  volatile  oils,  and  in  solutions  of  potas- 
sium or  sodium  hydroxide;  acid  number  not  less  than  150. 

Tests  for  Identity. — Given  above. 

Acid  Number. — Not  less  than  150.     Details  in  Part  V. 

Constituents. — Chiefly  abietic  acid  anhydride.  Abietic  acid,  C19- 
HjgOj,  is  obtained  by  digesting  rosin  with  70  per  cent,  alcohol,  freeing 
the  solution  of  impurities  by  filtration,  and  then  dissolving  the  residue 
in  92  per  cent,  hot  alcohol,  from  which  the  abietic  acid  crystals  separate 
on  cooling. 

Remarks. — As  already  mentioned  (p.  817),  rosin  is  the  resinous 
constituent  of  the  natural  oleoresin,  turpentine,  and  is  obtained  by 
distilling  the  volatile  oil — the  so-called  "spirit  of  turpentine" — 
therefrom. 

Medical  Properties. — Mild  irritant.  Use  chiefly  externally  as 
constituent  or  plasters,  cerates,  and  ointments.  Official  preparations: 
Rosin  cerate  (p.  342),  compound  rosin  cerate  (p.  342).  An  ingredient 
of  adhesive  plaster  of  the  pharmacopoeia  of  1890. 

Dose. — 250  milligrammes  (4  grains). 

ELASTICA.     Rubber. 

The  prepared  milk-juice  of  several  species  of  Hevea  Aublet  (Fam.  Euphorbiacece), 
known  in  commerce  as  Para  Rubber. 

In  flask-shaped  or  roundish  masses,  or  in  pieces  of  the  same  having  sharply 
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incised  surfaces  and  exhibiting  a  laminated  structure;  floating  on  water;  externally 
brownish  to  brownish-black;  internally  of  a  lighter  tint,  mottled;  odor  creosote- 
like; nearly  tasteless. 

Pure  Para  Rubber  is  insoluble  in  water,  dilute  acids,  or  dilute  solutions  of  the 
alkalies;  soluble  in  chloroform,  carbon  disulphide,  oil  of  turpentine,  petroleum  benzin, 
and  benzene;  when  heated  to  about  125°  C.  (257°  F.)  it  melts,  remaining  soft  and 
adhesive  after  cooling. 

Constituents. — Isoprene,  CgHg;  caoutchin  (dipentene),  CioHjg. 

Remarks. — The  "preparation"  of  the  milk  juice  mentioned  in  the 
official  definition  consists  of  submitting  the  fresh  juice  to  the  action 
of  smoke  made  by  burning  fatty  fuel, — like  palm  fruit, — which  is 
allowed  to  smoulder  with  but  slight  access  of  air.  The  milk  juice  is 
held  over  the  smoke  0151  a  wooden  paddle,  which  has  been  dipped 
into  a  bucket  containing  the  juice,  and  by  deft  manipulation  the 
liquid  juice  is  prevented  from  dripping  from  the  paddle  until  it 
solidifies.  The  paddle  containing  the  dried  rubber  is  again  dipped 
into  the  fresh  juice,  and  the  paddle  once  more  rotated  over  the  smoke 
until  that  layer  has  solidified,  and  this  process  continued  until  the 
paddle  holds  a  large  mass  of  rubber. 

As  mentioned  in  the  official  description,  when  heated  to  above 
125°  C,  it  becomes  a  sticky  mass,  and  the  products  made  from  it 
should,  therefore,  be  kept  from  undue  heat. 

Rubber  is  made  more  durable  by  the  process  of  vulcanization. 
In  making  soft  rubber  it  is  kneaded  with  10  per  cent,  sulphur  (or  a 
metallic  sulphide)  at  a  temperature  of  120°  to  136°  C,  while  in 
making  hard  rubber  the  crude  rubber  is  heated  with  30  to  35  per  cent, 
sulphur  to  140°  to  142°  C,  and  further  hardened  with  rosin,  chalk, 
etc. 

The  official  drug  is  the  pure  native  unvulcanized  variety,  and 
that  of  the  best  commercial  grade — Para  rubber. 

Medical  Use. — Plaster  base  (p.  352).  A  constituent  of  adhesive 
plaster,  U.  S.  P.  (p.  355). 

BENZOINUM.     Benzoin. 

A  balsamic  resin  obtained  from  Styrax  Benzoin  Dryander,  and  another  un- 
identified species  of  Styrax  (Fam.  Styracece). 

In  pebble-like  bodies  or  tears,  mostly  0.5  to  5  Cm.  long  and  about  one-fourth  as 
thick,  slightly  flattened,  straight  or  curved,  yellowish-  to  rusty-brown  externally, 
milky-white  on  fresh  fracture,  separate  or  very  slightly  agglutinated  (Siam  Benzoin), 
or  embedded  in  a  dry  resinous  mass,  which  varies  from  reddish-brown  to  reddish- 
gray  or  grayish-brown;  opaque  or  slightly  translucent  and  more  or  less  lustrous 
(Sumatra  Benzoin);  brittle,  becoming  soft  on  warming,  and  yielding  benzoic  acid  on 
sublimation;  odor  agreeable,  balsamic  (vanilla-like  in  the  Siam  variety);  taste 
slightly  acrid. 

Benzoin  is  almost  wholly  soluble  in  5  parts  of  warm  alcohol,  the  solution  showing 
an  acid  reaction  to  blue  litmus-paper;  soluble  in  solutions  of  sodium  or  potassium 
hydroxide.     It  should  not,  on  incineration,  yield  more  than  2  per  cent,  of  ash. 

Constituents. — Resin,  benzoic  acid,  cinnamic  acid,  vanillin. 

Remarks. — Benzoin  would  be  considered  a  balsam,  save  that  the 
quantity  of  volatile  oil  it  contains  is  so  small  that  its  base  can  hardly 
be  considered  as  an  oleoresin.  Accordingly,  the  pharmacopoeia 
calls  it  "a  balsamic  resin." 

Benzoin  is  interesting  as  the  original  source  of  benzoic  acid,  which 
thus  received  its  name. 
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Note  that  the  pharmacopoeia  permits  the  use  of  two  commercial 
varieties  of  benzoin — Siam  and  Sumatra.  Of  these,  the  former 
possesses  a  delightful  odor  of  vanilla,  and  is  used  by  perfumers  in  pref- 
erence to  the  less  aromatic  Sumatra  variety.  Medicinally,  the  two 
are  about  equal. 

Medical  Properties. — Expectorant.  Used  chiefly  externally  as 
an  antiseptic  and  vulnerary.  The  tincture  (p.  223)  and  the  compound 
tincture  (p.  223)  are  official.  It  is  also  used  in  making  benzoinated 
lard  (p.  733). 

Dose. — 1  Gm.  (15  grains). 

GUM-RESINS 

Gum-resins  are  plant  exudations  consisting  of  gum  and  resin. 
We  have  already  learned  what  a  gum  (p.  852)  is,  and  wherein  a  resin 
(p.  704)  differs  from  a  gum,  the  pharmaceutic  difference  being  one  of 
solubility,  resins  dissolving  in  alcohols  and  being  insoluble  in  water, 
while  gums  dissolve  in  water  and  not  in  alcohol.  Again,  resins  are 
terpene  derivatives,  while  gums  are  dissociation  products  of  cellulose. 

The  gum  of  a  gum-resin  will  not  dissolve  in  alcohol;  the  resin  will; 
and  since  the  resin  is  the  active  constituent,  tinctures  of  such  drugs 
are  made  by  maceration  in  95  per  cent,  alcohol  and  filtration  of  the 
resinous  solution  from  the  undissolved  gum.  In  water,  the  gum  will 
dissolve  and  the  resin  will  not,  but  by  rubbing  such  a  drug  with 
water  the  mucilage  formed  by  the  dissolved  gum  emulsifies  the 
resin, — also  the  volatile  oil,  if  any  be  present, — making  a  milky 
mixture.  Such  a  mixture  is  formed  when  asafetida  is  rubbed  with 
water,  and  since  the  preparation  is  clearly  a  form  of  emulsion,  it  is  so 
termed  by  the  pharmacopoeia.  Up  to  the  revision  of  1890  they  were 
grouped  with  the  mixtures  of  the  pharmacopoeia.  Three  gum-resins 
are  now  official,  asafetida,  gamboge,  and  myrrh,  and  of  these,  the 
first  is  a  representative  of  the  Umbelliferse — that  family  of  plants  to 
which  belong  anise,  fennel,  coriander,  and  caraway. 

ASAFCETIDA.     Asafetida. 

A  gum-resin  obtained  from  the  root  of  Fervla  foetida  (Bunge)  Regel,  and  probably 
other  species  oi  Ferula  (Fam.  Umbelliferce) . 

In  irregular  masses  composed  of  tears  of  variable  size  embedded  in  a  yellowish- 
brown  or  reddish-brown  matrix;  when  fresh,  the  tears  are  tough,  yellowish-white 
and  translucent,  or  milky-white  and  opaque,  changing  gradually  on  exposure  to 
pinkish  and  filially  reddish-brown;  the  freshly  fractured  surface  becomes  greenish 
on  the  application  of  a  few  drops  of  a  40  per  cent,  nitric  acid  solution;  becoming 
hard  and  brittle  by  drying;  odor  persistent,  alliaceous;  taste  bitter,  alliaceous,  and 
acrid. 

When  triturated  with  water,  Asafetida  yields  a  milk-white  emulsion  which 
becomes  yellowish  on  the  addition  of  ammonia  water.  Not  less  than  50  per  cent, 
should  dissolve  in  alcohol.  When  incinerated,  Asafetida  should  yield  not  more  than 
10  per  cent,  of  ash. 

Constituents. — Resin,  65  per  cent.;  gum,  25  per  cent.;  bassorin; 
volatile  oil. 

The  resin  is  chiefly  ferulaic  acid  (p.  797) ,  while  the  oil  is  a  mixture 
of  sulphides,  (CgHiJjS  and  (C6Hii)2S^,  according  to  Hlasiwetz;  or 
C7H14S2,  C11H20S2,  C8HmS2,  and  C10H18S2,  with  terpenes,  according  to 
Semmler. 

Medical  Properties. — Antispasmodic    (in    hysteria),    carminative. 
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The  emulsion  (p.  269),  pills  (p.  323),  and  tincture  (p.  222)  are  official, 
and  the  tincture  is  an  ingredient  of  the  popular  colic  cure,  Dewee's 
Carminative  (mixture  of  magnesia  and  asafetida,  U.  S.  P,  1880). 
As  this  mixture  contains  opium,  its  use  is  not  advisable,  and  some 
physicians  specify  the  preparation  "  without  opium,"  in  which  case  it  is 
made  exactly  as  per  U.  S.  P.  1880,  save  that  the  tincture  of  opium  is 
omitted. 

Dose. — Of  drug,  250  milligrammes  (4  grains). 

CAMBOGIA.     Gamboge. 

A  gum-resin  obtained  from  Garcinia  Hanburii  Hooker  filius  (Fam.  Guttiferoe). 

Constituents. — Gum,  18  per  cent.;  resin,  80  per  cent,  (gambogic 
acid).     The  resin,  on  fusion  with  potassa,  yields  phloroglucin. 

Medical  Properties. — Hydragogue  cathartic.  Always  in  com- 
bination, since  it  is  very  drastic.  An  ingredient  of  compound  cathartic 
pills  (p.  323). 

Dose. — 125  milligrammes  (2  grains). 

MYRRHA.     Myrrh. 

A  gum-resin  obtained  from  Commiphora  Myrrha  (Nees)  Engler  (Fam.  Bur- 
seracece). 

Constituents. — Gum,  50  per  cent.;  resin,  35  per  cent.;  volatile  oil, 
2  to  4  per  cent. 

Medical  Properties. — Carminative.  The  official  tincture  (p.  231) 
is  a  useful  addition  to  mouth-washes. 

Dose. — 500  milligrammes  (7^  grains). 

Ammoniac,  the  ^um-resin  from  Dorema  Am,moniacum,  was  dropped  in  the  last 
pharmacopceial  revision.     It  is  a  stimulant,  and  given  in  doses  of  1  Gm.  (15  grains). 

The  following  drugs  are  said  to  owe  their  activity  to  resinous 
matter  not  associated  with  volatile  oil. 

PHYTOLACCA.     Phytolacca.     Poke  Root. 

[Phytolacca  Radix,  Pharm.  1890] 

The  dried  root  of  Phytolacca  decandra  Linn6  (Fam.  Phytolaccacece) ,  collected  in 
autumn. 

Constituents. — Resin,  tannin,  a  glucoside,  a  volatile  acid. 

Medical  Properties. — Alterative  (in  rheumatism);  large  doses, 
emetic.     The  fluidextract  (p.  247)  is  official. 

Dose. — As  alterative,  125  milligrammes  (2  grains).  As  emetic, 
1  Gm.  (15  grains). 

Poke  berries,  the  fruit  of  Phytolacca  decandra,  were  official  until  the  last  revision, 
when  the  drug  was  dropped.  It  is  emetic  and  cathartic,  and  of  supposed  value  in 
reducing  superfluous  flesh.     Dose. — 1  Gm,.  (15  grains). 

GOSSYPII   CORTEX.     Cotton  Root  Bark. 

[GossYPii  Radicis  Cortex,  Pharm.  1890J 

The  dried  bark  of  the  root  of  Gossypium  herhaceum  Linn6,  or  of  other  cultivated 
species  of  Gossypium  (Fam.  Malvacece). 
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Constituents. — An  acid  resin,  tannin,  etc. 

Remarks. — Cotton  root  bark  is  one  of  the  official  substances  yielded 
by  the  cotton  plant,  the  others  being  purified  cotton  and  cotton  seed 
oil.  It  is  used  as  an  emmenagogue,  and  should  not  be  sold  indis- 
criminately, being  frequently  used  to  produce  abortion.  This  explains 
why,  in  the  recent  revision,  the  largely  used  fluideztract  of  cotton  root 
bark  was  dropped. 

Medical  Properties. — Emmenagogue  and  ecbolic. 

Dose. — 2  Gm.  (30  grains). 

NEUTRAL  PRINCIPLES  AND  DRUGS  CONTAINING  SAME 
SANTONINUM.     Santonin. 

C15H13O3  =  244.29 

The  inner  anhydride  or  lactone  of  santonic  acid,  obtained  from  Santonica.  It 
should  be  kept  in  dark  amber-colored  vials  and  in  a  dark  place. 

Colorless,  shining,  flattened  rhombic  prisms;  odorless,  and  nearly  tasteless  when 
first  put  into  the  mouth,  but  afterward  developing  a  bitter  taste;  permanent  in  the 
air,  but  turning  yellow  on  exposure  to  light.  It  sublimes  without  decomposition 
and  is  soluble  in  alkalis  and  in  most  volatile  and  fatty  oils.  Santonin  which  has 
become  yellow  may  be  converted  into  white  crystals  by  recrystallization  from  alco- 
hol. 

Soluble  in  5300  parts  of  water,  34  parts  of  alcohol,  78  parts  of  ether,  and  in  2.5 
parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  800  parts  of  water  at  80°  C.  (176°  F.) 
and  in  5  parts  of  alcohol  at  60°  C.  (140°  F.). 

It  melts  at  170.3°  C.  (338.5°  F.).  When  ignited,  it  is  consumed,  leaving  no 
residue. 

Its  solutions  are  Isevogyrate  and  neutral  to  litmus-paper. 

If  0.5  Gm.  of  Santonin  be  heated  with  5  Cc.  of  alcoholic  potassium  hydroxide  T.S., 
a  red  color  will  be  developed. 

Upon  shaking  0.01  Gm.  of  Santonin  with  a  cold  mixture  of  1  Cc.  each  of  sulphuric 
acid  and  water,  heating  to  100°  C.  (212°  F.),  and  adding  a  minute  trace  of  very  dilute 
solution  of  ferric  chloride,  a  violet  color  will  result. 

Sulphuric  acid  added  to  Santonin  should  not  produce  more  than  a  faintly  yellow 
color  (absence  of  sugar  and  other  readily  carbonizable  organic  impurities). 

If  2  Gm.  of  Santonin  be  boiled  with  80  Cc.  of  water  and  5  Cc.  of  diluted  sulphuric 
acid,  and  the  liquid,  after  frequent  shaking,  be  allowed  to  become  cold  and  then 
filtered,  mercuric  potassium  iodide  T.S.,  or  iodine  T.S.,  should  produce  no  cloudiness 
in  10  Cc.  of  the  filtrate,  mixed  with  10  Cc.  of  distilled  water,  even  after  standing  for 
three  hours  (absence  of  alkaloids). 

Tests  for  Identity.     Given  above. 

Impurities. — Sugar,  etc.     Alkaloids.     Details  above. 

Composition. — According  to  Cannizzaro,  santonin  is — 

CH3 

C  C 

/     %/     \ 

HjC  C  CH— O^ 

I  I  I  ^CO. 

DC  C  CH— CH/ 

\        ^\        X         \ 
\^        \X  CH3 

C  C 

I  H, 

CH3 

that  is,  a  derivative  of  hexahydronaphthalene  (p.  863). 
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Remarks. — The  change  to  yellow  on  exposure  to  light  is  said  to  be 
due  to  its  conversion  into  photosantonic  acid,  C15H22O5.  This  explains 
the  importance  of  keeping  santonin  and  its  preparations  in  a  dark 
place. 

Medical  Properties. — Anthelmintic.  Usually  administered  in  the 
form  of  the  official  troches  (p.  333). 

Dose. — 65  milligrammes  (1  grain). 

SANTONICA.     Santonica.     Levant  Wormseed. 

The  dried  unexpanded  flower-heads  of  Artemisia  paudflora  (Ledebour)  Weber 
(Fam.  Compositce). 

Constituents. — Santonin,  2  per  cent.;  volatile  oil,  2  per  cent.  The 
volatile  oil  consists  of  cineol  (p.  815)  and  cajuputene  (or  cinene). 

Remarks. — Santonica  is  one  of  the  two  drugs  called  "wormseeds, " 
and  neither  are  seeds.  The  other  wormseed,  chenopodium,  is  a 
fruit,  while  santonica  is  a  tiny  cluster  of  unopened  flowers.  The 
two  are  readily  distinguished  by  rubbing  the  specimen  between  the 
thumb  and  forefinger.  If  chenopodium,  a  little  chaff  rubs  off,  leaving 
a  minute  black  seed;  if  santonica,  the  entire  specimen  rubs  into  dry, 
chaffy  scales.     Santonica  is  important  as  the  source  of  santonin. 

Medical  Properties. — Anthelmintic. 

Dose. — 2  Gm.  (30  grains).  No  dose  is  given  in  the  pharmacopoeia, 
since  the  drug  is  now  used  almost  exclusively  as  a  source  of  santonin. 

ELATERINUM.     Elaterin. 

C,oH,A  =  345.60 

A  neutral  principle  obtained  from  elaterium,  a  substance  deposited  by  the  juice 
of  the  fruit  of  Ecballium  Elaterium  (Linne)  A.  Richard  (Fam.  Cucurbitacecs) . 

Minute,  white,  hexagonal  scales  or  prismatic  crystals;  without  odor,  and  having 
a  slightly  acrid,  bitter  taste;  permanent  in  the  air,  and  containing  no  water  of  crystal- 
lization. 

Insoluble  in  water;  soluble  in  262  parts  of  alcohol,  318  parts  of  ether,  22  parts  of 
chloroform,  272  parts  of  benzene,  and  200  parts  of  amyl  alcohol  at  25°  C.  (77°  F.); 
soluble  in  75  parts  of  alcohol  at  60°  C.  (140°  F.). 

When  heated  to  190°  C.  (374°  F.)  it  turns  yellow,  and  at  216°  C.  (420.8°  F.)  it 
melts,  forming  a  yeUowish-brown  liquid.  On  ignition,  it  is  consumed  without  leaving 
any  residue. 

Its  solutions  are  neutral  to  litmus-paper. 

Sulphuric  acid  colors  it  yellow,  the  color  changing  gradually  to  scarlet. 

Sulphuric  acid  containing  a  trace  of  ammonium  vanadate  produces  a  blue  color, 
changing  to  green  and  then  to  brown. 

Sulphuric  acid  containing  a  drop  of  formaldehyde  gives  a  brown  color. 

Sulphuric  acid  containing  a  trace  of  potassium  dichromate  produces  an  olive- 
green  color,  gradually  turning  darker. 

If  a  crystal  of  Elaterin  be  added  to  a  little  hydrochloric  acid,  and  this  evaporated 
to  dryness,  the  residue  washed  with  hot  water,  and  afterward  treated  with  sulphuric 
acid,  a  brownish-red  (amaranth)  color  will  be  produced. 

An  alcoholic  solution  of  Elaterin  should  not  be  precipitated  by  tannic  acid  T.S., 
mercuric  chloride  T.S.,  or  platinic  chloride  T.S.  (absence  of,  and  difference  from, 
alkaloids). 

Tests  for  Identity. — Given  above. 

Color  Tests. — Given  above. 

Impurity. — Alkaloids.     Details  above. 
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Composition. — While  the  pharmacopcfiia  gives  formula  CjoHjgOs, 
Thorns  and  Mann  (1907),  operating  with  a  pure  specimen,  melting 
at  232°  C,  found  its  formula,  C22H30O6.  They  find  it  has  two  lactone 
rings  attached  to  a  naphthalene  nucleus. 

Remarks. — Elaterin,  according  to  the  pharmacopoeia,  is  "a  neutral 
principle,  obtained  from  elaterium."  This,  in  turn,  is  a  constituent 
of  the  juice  of  the  squirting  cucumber,  Ecballium  Elaterium,  which  is 
a  plant  belonging  to  the  gourd  family.  The  pronunciation  of  the 
two  words  is  different,  the  accent  in  the  official  name  being  on  the 
\  second  syllable  (e-to-er-in),  while  in  the  other  word  it  is  on  the  third 
ii /syllable  (el-a-^er-i-um). 

Medical  Properties. — Hydragogue  cathartic.  Usually  adminis- 
tered in  the  form  of  the  official  triturate  (p.  305). 

Dose. — Of  elaterin,  5  milligrammes  (j'g  grain). 

Picrotoxin,  CuHjgOj,  which  was  formerly  official,  is  the  active  principle  of  fish- 
berries  (Animirta  panicidata).  It  is  a  dangerous  poison,  and  is  used  chiefly  for  kiUing 
body-vermin. 

Dose. — 1  milligramme  (g"|  grain). 

TARAXACUM.     Taraxacum.     Dandelion. 

The  dried  root  of  Taraxacum  officinale  Weber  (Syn.  Taraxacum  Taraxacum 
(Linne)  Karsten)  (Fam.  Compositoe),  collected  in  autumn. 

Constituents. — Taraxacin  ;  taraxacerin  ;  inulin,  etc. 

RemarJcs. — Taraxacum  is  the  root  of  that  common  weed,  the 
dandelion.  The  latter  synonym  comes  from  the  French  "dent  de 
lion,"  the  lion's  tooth,  so  termed  after  the  jagged  edges  of  its  leaves. 
It  is  a  good  remedy  in  liver  trouble.  Look  out  for  prescriptions 
containing  fluidextract  of  taraxacum  and  nitrohydrochloric  acid. 
Both  are  valuable  hepatic  stimulants,  but  when  mixed  they  are 
apt  to  explode   (p.  1079). 

Note  that  the  pharmacopoeia  directs  that  the  drug  be  collected 
in  the  autumn.  This  is  because  the  young  root  collected  in  the  spring 
contains  little  or  no  bitter  principle  and  much  sugar.  During  the 
summer  the  latter  is  converted  into  the  inulin  found  in  the  official 
drug. 

Medical  Properties. — Hepatic  stimulant  and  digestive.  Official 
preparations:  the  extract  (p.  289)  and  the  fluidextract  (p.  250). 

Dose.— 8  Gm.  (120  grains). 

APOCYNUM.     Apocynum.     Canadian  Hemp. 

The  dried  rhizome  of  Apocynum  cannabinum  Linne,  or  of  closely  allied  species  of 
Apocynum  (Fam.  Apocynacece) . 

Constituents. — Apocynin  ;  apocynein,  resin,  tannin,  etc.  , 

Apocynin  is  a  resinous,  bitter  principle,  while  apocynein  is  a 
glucoside.     Both  act  physiologically  like  digitalis. 

Medical  Properties. — Cardiac  tonic  and  diuretic.  Large  doses, 
emetic.     The  fluidextract  (p.  247)  is  official. 

Dose. — 1  Gm.  (15  grains). 
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CALUMBA.     Calumba.     Columbo  Root. 

The  dried  root  of  Jateorhiza  palmata  (Lamarck)  Miers  (Fam.  Menispermacece). 

Constituents. — Columbin ;  columbic  acid;  three  alkaloids,  columba- 
marin,  jateorhizine,  and  palmitine ;  starch;  no  tannin. 

Columbin  is  a  bitter  principle,  to  which  several  formulas  have  been 
assigned  by  different  investigators.  Frey  says  it  is  C27H28O9,  and  is  a 
lactone.  On  treatment  with  alkali  it  yields  columbic  acid,  CjgHgjOio. 
The  three  alkaloids  resemble  berberine,  and  give  the  drug  its  yellow 
color. 

Medical  Properties. — Simple  bitter.  The  tincture  (p.  224)  and 
fluidextract  (p.  246)  are  official. 

PODOPHYLLUM.     Podophyllum.     MandrakeRoot.     May  Apple  Root. 

The  dried  rhizome  of  Podophyllum  peltatum  Linne  (Fam.  Berberidacece). 

Constituents. — Picropodophyllin  ;  picropodophyllinic  acid  ;  podo- 
phyllinic  acid;  green  oil;  resin;  starch,  etc. 

Picropodophyllin  is  a  bitter  principle,  C23H24O92H2O,  while  picro- 
podophyllinic acid  has  the  formula  C20H24O9,  and  is  physiologically 
inactive.     The  two  combine  to  form  podophyllotoxin. 

Podophyllum  is  the  rhizome  of  an  American  plant  commonly 
called  may  apple,  or  mandrake.  It  yields  that  important  purgative, 
podophyllin,  which  is  official  under  the  name  of  resin  of  podophyllum 
(p.  292),  since  it  is  not  a  definite  chemical,  but  a  mixture  of  the  active 
principles  of  the  drug,  cited  above,  associated  with  resin.  Too  great 
stress  cannot  be  laid  on  the  difference  between  podophyllum — the 
rhizome — and  podophyllin — the  trade  name  for  resin. 

Medical  Properties. — Hydragogue  cathartic.  Usually  admin- 
istered with  other  purgatives.  Official  preparations.  The  resin 
(cited  above)  and  the  fluidextract  (p.  246).  The  resin  is  a  constituent 
of  vegetable  cathartic  pills,  U.  S.  P.  (p.  323),  and  of  pills  of  podophyllum, 
belladonna,  and  capsicum,  U.  S.  P.  (p.  325). 

Dose.^Oi  drug,  500  milligrammes  (7 J  grains). 

QUASSIA.     Quassia. 

The  wood  of  Picrasma  excelsa  (Swartz)  Planchon  (Fam.  Simarubaceoe),  known 
commercially  as  Jamaica  Quassia,  or  of  Quassia  amara  Linn6  (Fam.  Simarubaceoe), 
known  commercially  as  Surinam  Quassia. 

Constituents. — Quassin,  picrasmin,  mucilage,  resin,  etc. 

Remarks. — Quassia  is  the  wood  of  the  tree,  Picrasma  excelsa,  and 
its  bitterness  is  well  known.  Its  use  in  the  form  of  drinking-cups 
was  quite  popular  some  years  since,  but  is  no  longer  in  vogue. 

Medical  Properties. — Bitter  tonic.  The  extract  (p.  288),  the 
tincture  (p.  234),  and  the  fluidextract  (p.  247)  are  official. 

Dose. — 500  milligrammes  (7^  grains). 

SANTALUM  RUBRUM.     Red  Saunders. 

The  heart- wood  of  Pterocarpus  santalinus  Linn6  filius  (Fam.  LeguminoscB) . 

Constituents. — Santalin  (or  santalic  acid),  a  red  coloring  principle. 
Medical  Properties. — Used  entirely  as  coloring  agent,  and  employed 
for  this  purpose  in  compound  tincture  of  lavender  (p.  230). 
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EUONYMUS.     Euonymus.     Wahoo  Bark. 

The  dried  bark  of  the  root  of  Euonymus  atropurpureus  Jacquin  (Fam.  Cdastraceoe). 

Constituents. — Euonymin,  euonic  acid,  resin,  starch,  etc. 
Medical  Properties. — Laxative  and  diuretic.     The  extract  (p.  283) 
and  the  fluidextract  (p.  246)  are  official. 
Dose. — 500  milligrammes  (7^  grains). 

CUSSO.     Kousso. 

[Brayera,  U.  S.  p.  1880] 

The  dried  panicles  of  the  pistillate  flowers  of  Hagenia  ahyssinica  (Bruce)  Gmelin 
(Fam.  Rosacece). 

Constituents. — Resinous  principle,  CgiHggOjo,  called  tcenin,  or 
kosin  ;  tannin,  etc. 

Remarks. — The  pharmacopoeia  defines  this  drug  as  "the  dried 
panicles  of  the  pistillate  flowers."  A  panicle  is  a  special  form  of 
flower  cluster,  while  pistillate  flowers  are  those  containing  the  pistils 
or  female  organ  and  no  stamens. 

Each  perfect  flower  has  stamens,  or  male  organs,  which  produce 
the  pollen,  and  a  pistil  or  pistils,  which  are  fertilized  by  or  absorb 
the  pollen  and  which  develop  within  their  ovaries,  the  seeds.  In 
some  plants  the  male  and  female  organs — the  stamens  and  pistils 
respectively — are  not  found  in  the  same  flower,  in  which  event  the 
flowers  containing  the  stamens  are  called  the  staminate  flowers, 
while  the  flowers  containing  the  pistils  are  called  the  pistillate  flowers. 
The  official  drug,  cusso,  consists  of  the  latter  form  of  flower  cluster. 

Medical  Properties. — Tenifuge.  Usually  administered  in  the  form 
of  an  unstrained  infusion,  it  being  claimed  that  the  action  is  largely 
mechanical. 

Dose.— 16  Gm.  (240  grains). 

LACTUCARIUM.     Lactucarium. 

The  concrete  milk-juice  of  Lactv^xi  virosa  Linn6  (Fam.  Compositce). 

Constituents. — Lactucin,  lactucerin,  lactucic  acid,  lactucopicrin, 
acetates  of  lactucerol,  gum,  resin,  caoutchouc,  or  waxy  substance. 

Remarks. — This  drug  is  the  dried  milk  juice  of  Lactuca  virosa, 
which  is  the  wild  lettuce,  a  plant  closely  allied  to  our  garden  lettuce, 
which,  when  plucked,  exudes  a  milk  juice.  Such  juice  exuding  from 
the  wild  lettuce,  on  drying,  yields  the  official  drug,  which  is  a  very 
useful  sedative.  Each  lettuce  plant  naturally  yields  a  comparatively 
small  amount  of  juice,  and  when  it  is  remembered  that  the  dried 
juice  must  be  scraped  from  each  cut  plant,  the  high  price  of  lactu- 
carium is  explained. 

The  rubbery  or  waxy  constituent  of  lactucarium  can  be  extracted 
with  benzine,  which  solvent  does  not  remove  the  active  constituents. 
Hence  the  use  of  benzin  in  preparing  the  official  tincture  (p.  229). 

Medical  Properties. — Mildly  narcotic.  Useful  in  hacking  coughs. 
It  is  said  that  the  proprietary  lactucarium  preparations  contain 
morphine.  From  the  official  tincture  (see  above)  the  official  syrup 
(p.  197)  is  prepared. 

Dose. — Of  drug,  1  Gm.  (15  grains). 
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CHAPTER   XLIX 

CONDENSED  BENZENES  AND  THEIR  DERIVATIVES 

With  the  derivatives  of  the  terpenes  we  close  those  benzene 
derivatives  which  are  of  interest  to  pharmacy,  and  are  prepared  to 
take  up  a  new  series  of  the  hydrocarbons.  These  are  found  in  the 
condensed  benzenes — naphthalene  and  anthracene.  Both  of  these 
substances  are  constituents  of  coal-tar,  and  are  obtained  by  the 
fractional  distillation  of  this  product.  The  fraction  distilling  between 
180°  and  200°  C.  contains  naphthalene,  while  that  coming  over  from 
340°  to  360  °C.  contains  anthracene. 

Naphthalene  was  discovered  by  Garden  in  1816  in  coal-tar.  While  naphthalene 
is  always  obtained  commercially  from  coal-tar,  its  synthesis  has  been  frequently 
accomplished.  Thus,  if  methane,  ethylene,  and  acetylene  be  passed  through  red- 
hot  tubes,  one  of  the  products  of  this  treatment  is  naphthalene.  Other  syntheses 
throwing  light  on  chemical  formula  are  matters  of  passing  interest.  Thus  if  the  vapor 
of  phenyl  butylene  dibromide, 

CgH5CH2CH2CHBrCHBr, 

be  passed  over  red-hot  lime,  naphthalene  results.  This  synthesis  is  of  importance  as 
showing  that  naphthalene  contains  a  benzene  nucleus.     Still  more  important  is  the 

CTT  Rr 
formation  of  naphthalene  from  combination  of  orthoxylenen  bromide,  CeH4<C/->TT'T>_ 

with  the  sodium  salt  of  acetylene  tetracarbonic  acid  methyl  ester, 

Na  —  C  =  (COOCH3), 

Na  —  C  =  (COOCH3),. 

When  they  are  brought  together,  we  obtain  hydronaphthalene-tetracarbonic 
methyl  ester, 

/CH,— C— (COOCHa)^ 

\CH,— C— (COOCHa)^, 

and  this  substance,  with  appropriate  treatment,  yields  naphthalene.  The  importance 
of  this  synthesis  is  that  it  proves  that  naphthalene  consists  of  the  benzene  group, 
attached  to  which  is  a  ring  containing  four  carbon  atoms. 

Two  reactions  of  naphthalene  are  also  of  interest  to  us  in  helping  to  estabhsh  the 
formula.     The  first  is  that,  on  oxidation,  it    breaks  up,  yielding  phthalic  acid^ 

CjH4<pqqtt;  and  the  second  is  that,  when  treated  with  bromine,  it  easily  absorbs 

four  atoms,  and  then  with  difficulty  absorbs  six  more.  All  these  reactions  point  to 
the  following  graphic  formula  for  naphthalene  (a) : 

a  be 

HTT  H         H  TT 

HC      C      CH  ^^      n      ?^  HC      C— COOH 

I         II  I  •  TTf^       P       r^TT  i         II 

HC      C      CH  ^  X  ^  HC      C— COOH 

.   V^/  VV  Y 

H      H  HI  NO. 
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That  it  contains  at  least  one  benzene  group  is  shown  by  the  two  syntheses  given  above. 
That  the  added  ring  containing  four  carbon  atoms  is  in  the  ortho  position  to  the 
benzene  group  is  shown  by  the  second  synthesis  given  above,  and  also  by  the  oxida- 
tion with  phthalic  acid.  That  the  ring  containing  four  carbon  atoms  has  two  double 
bonds  is  shown  by  the  fact  that  it  easily  adds  four  hydrogen  atoms;  that  the  extra 
four  carbon  atoms  are  in  a  ring  is  shown  by  the  behavior  of  its  mononitro-derivative 
(b).  Under  certain  treatment  the  pure  benzene  ring  breaks,  and  we  get  nitrophthalic 
acid  (c).  Under  other  treatment  it  is  the  nitro  ring  that  breaks,  and  we  get  pure 
phthalic  acid, 

H 
C 

^\ 
HC      C— COOH 

I        II 
HC      C— COOH 

Y 

H 
NAPHTHALENUM.    Naphthalene. 

CioHg  =  127.10 
[Naphtalinum,  Pharm.  1890] 

A  hydrocarbon  obtained  from  coal-tar,  and  purified  by  crystallization.  It 
should  be  kept  in  well-stoppered,  amber-colored  bottles. 

Colorless,  shining,  transparent  laminae,  having  a  strong,  characteristic  odor 
resembling  that  of  coal-tar,  and  a  burning,  aromatic  taste;  slowly  volatilized  on  ex- 
posure to  air;  by  exposure  to  light  acquiring  a  brownish  color. 

Insoluble  in  water,  but  when  boiled  with  it,  the  water  acquires  a  faint  odor  and 
taste;  soluble  in  13  parts  of  alcohol  at  25°  C.  (77°  F.),  and  very  soluble  in  boiling 
alcohol;  also  very  soluble  in  ether,  chloroform,  carbon  disulphide,  and  fixed  or  volatile 
oils. 

Naphthalene  volatilizes  slowly  at  ordinary  temperatures,  but  rapidly  when 
heated.  It  also  volatilizes  with  the  vapors  of  water  or  alcohol.  At  80°  C.  (176°  F.) 
it  melts  and  at  218°  C.  (424.4°  F.)  it  boils.  Its  vapor  is  inflammable,  burning  with 
a  luminous  but  smoky  flame.     When  ignited,  it  is  consumed,  leaving  no  residue. 

Napthalene  is  neutral  to  litmus-paper  moistened  with  alcohol. 

On  shaking  a  small  portion  of  Naphthalene  with  concentrated  sulphuric  acid,  the 
acid  should  remain  colorless,  and  should  not  acquire  more  than  a  pale  reddish  tint 
if  the  mixture  be  heated  for  five  minutes  on  a  water-bath  (absence  of  impurities 
derived  from  cocd-tar). 

Tests  for  Identity. — Given  above. 

Impurities. — Coal-tar  residues.     Details  above. 

The  above  description  is  self-explanatory,  the  test  that  it  should 
be  colorless  with  sulphuric  acid  being  a  simple  one  to  prove  the 
absence  of  contaminations. 

Naphthalene  has  been  used  considerably  of  late  under  the  name 
of  coal-tar  camphor,  and  the  popular  form  in  which  it  is  sold  in  the 
shape  of  small  balls  is  called  moth-balls.  Its  use  in  place  of  camphor 
is  due  to  the  increase  in  price  of  camphor  which  has  taken  place 
during  the  last  decade,  and  not  because  of  its  greater  value.  It  is 
used  as  an  insecticide  as  is  camphor,  but  there  is  no  question  as  to 
preference  of  the  aromatic  odor  of  camphor  to  the  rank,  persistent 
odor  of  naphthalene.  Naphthalene  is  also  used  as  a  carbureter  of 
gas.  Gas  deficient  in  carbon,  such  as  the  so-called  water-gas  and 
natural  gas,  can  be  made  to  give  a  more  luminous  flame  by  passing 
the  gas  through  cylinders  or  globes  containing  crystallized  naphtha- 
lene.    In  the  present  day  of  incandescent  burners  the  necessity  of 
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the  luminous  flame  is  lessening,  and  so  also  is  the  application  of 
naphthalene  as  a  carbureter. 

Naphthalene  possesses  antiseptic  properties,  and  has  been  recom- 
mended as  a  remedy  in  chronic  bronchitis  and  intestinal  catarrh. 
Its  chief  use,  however,  is  externally  as  an  antiseptic  dressing,  and 
even  for  this  purpose  it  is  not  very  popular  on  account  of  its  dis- 
agreeable odor. 

Dose. — 125  milligrammes  (2  grains). 

NAPHTHOLS 

These  are  phenols  of  naphthalene.  While  there  was  but  one 
phenol  yielded  from  benzene, — phenol,  or  carbolic  acid,  U.  S.  P., — 
there  are  two  phenols  from  naphthalene;  for,  as  shown  in  the  following 
graphic  formula,  there* is  a  difference  whether  the  hydroxyl  group  is 
placed  on  the  carbon  atom  next  to  the  pure  benzene  ring  or  on  the 
second  carbon  atom  from  the  same.  When  placed  on  the  first  carbon 
atom,  the  derivative  is  called  alpha-naphthol,  whereas  if  placed  on 
the  second  carbon  atom,  it  is  called  beta-naphthol.  What  is  true  as 
far  as  alpha-  and  beta-naphthol  are  concerned  is  true  in  regard  to  all 
the  mono-derivatives  of  the  naphthols;  two  of  each  derivatives, 
alpha  and  beta,  being  possible. 

Alpha-naphthol.  Beta-naphthol. 

H  H  H 

C   C— OH  C   C 

HC   C  CH  HC   C   C— OH 

I    II   I  I    II    I 

HC   C  CH  HC   C   CH 

c  c  c  c 

H   H  H   H 

Both  naphthols  are  found  in  coal-tar,  and  both  can  be  made 
synthetically  by  treatment  of  naphthalene  with  concentrated  sul- 
phuric acid,  when  the  naphthalene-sulphuric  acid  is  produced.  If 
the  temperature  is  carefully  kept  at  160°  C,  the  product  will  be  the 
beta-derivative,  no  alpha-naphthene-sulphuric  acid  being  produced. 
If  this  beta-derivative  is  fused  with  sodium  hydroxide,  betanaphthol 

BETANAPHTHOL.     Betanaphthol. 

CioH,OH  =  142.98 
[Naphtol,  Pharm.  1890] 

A  monatomic  phenol  occurring  in  coal-tar,  but  usually  prepared  from  naph- 
thalene.    Betanaphthol  should  be  kept  in  dark  amber-colored,  well-stoppered  bottles. 

Colorless  or  pale  bluff-colored,  shining  crystalline  laminae  or  a  white  or  yellowish- 
white  crystalline  powder,  having  a  faint  phenol-like  odor  and  a  sharp  and  pungent 
but  not  persistent  taste.     Permanent  in  the  air. 

Soluble  in  about  950  parts  of  water  and  in  0.61  part  of  alcohol  at  25°  C.  (77°  F.); 
in  about  75  parts  of  boiling  water  and  very  soluble  in  boiling  alcohol;  easily  soluble 
in  ether,  chloroform,  or  solutions  of  alkali  hydroxides. 

Betanaphthol  melts  at  122°  C.  (251.6°  F.)  and  boils  at  286°  C.  (546.8°  F.).  It 
sublimes  readily  when  heated;  when  in  alcoholic  or  aqueous  solution,  it  is  volatilized 
with  the  vapor  of  alcohol  or  water.     On  ignition  it  leaves  no  residue. 

It  is  neutral  to  litmus-paper  which  has  been  moistened  with  alcohol. 

A  cold  saturated  aqueous  solution  of  Betanaphthol  when  mixed  with  ammonia 
water  exhibits  a  faint  bluish  fluorescence. 

55 
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On  adding  about  0.1  Gm.  of  Betanaphthol  to  about  5  Cc.  of  an  aqueous  solution 
of  potassium  hydroxide  (1  in  4),  then  about  1  Cc.  of  chloroform,  and  gently  warming 
the  mixture,  the  aqueous  layer  will  acquire  a  blue  tint,  changing  afterward  to  green 
and  brown. 

Ferric  chloride  T.S.  colors  an  aqueous  solution  greenish,  and  after  some  time 
causes  the  separation  of  white  flakes,  which  turn  brown  upon  the  application  of  heat. 

Betanaphthol  should  dissolve  in  50  parts  of  ammonia  water  without  leaving  a 
residue  (absence  of  naphthalene),  and  the  solution  should  not  have  a  deeper  color 
than  pale  yellow  (absence  of  other  organic  impurities). 

An  aqueous  solution  of  Betanaphthol  on  the  addition  of  chlorinated  lime  should 
show  a  pale  yellow  color  and  not  a  dark  violet  (distinction  from,  and  absence  of, 
alphanaphthol) . 

An  aqueous  solution  of  Betanaphthol,  on  the  addition  of  a  few  drops  of  iodine 
T.S.,  followed  by  sodium  hydroxide  T.S.  in  excess,  should  show  no  color  (distinction 
from,  and  absence  of,  alphanaphthol,  which  produces  an  intensely  violet  color). 

Tests  for  Identity. — Given  above. 

Impurities. — Naphthalene,  organic  impurities,  alphanaphthol. 
Details  above. 

Remarks. — Betanaphthol  is  used  as  an  antiseptic  both  internally 
and  externally,  a  solution  of  1  :  3000  being  a  good  germicide.  It  is 
given  internally  in  intestinal  troubles,  especially  in  typhoid  fever. 

Dose. — 250  milligrammes  (4  grains). 

Naphthol  itself  possesses  rather  irritating  properties,  and  has  a 
decidedly  peppery  taste.  For  that  reason  its  application  is  somewhat 
limited,  and  many  efforts  have  been  made  to  prepare  derivatives 
that  are  equally  valuable  as  antiseptics  and  possessing  less  irritating 
properties.     Among  these  derivatives  are  found  the  following: 

Betel  is  naphthol  salol  or  naphthol  salicylate,  CioHyOOCCgH^OH,  and  is  made  by 
treatment  of  the  betanaphthol  sodium  compound  with  salicylic  acid,  in  the  presence 
of  phosphorus  oxychloride.  The  action  of  betol  is  similar  to  salol,  except  that  when 
it  enters  the  intestines  it  decomposes  into  naphthol  instead  of  phenol. 

Betol  is  given  in  doses  of  1  Gm. 

Alphanaphthol. — This  naphthol  derivative  is  said  to  act  as  a  germicide  in  the 
proportion  of  1 :  4000,  and  is  also  said  to  be  one-third  as  poisonous  as  is  betanaphthol. 

Dose. — 1  Gm. 

Benzonaphthol. — This  is  betanaphthol  benzoate,  and  is,  therefore,  the  benzoic 
acid  ester  of  naphthol,  and  is  prepared  by  combining  naphthol  with  benzoyl  chloride. 
It  is  a  valuable  intestinal  antiseptic,  and  given  in  1-Gm.  doses. 

Naphtholaristol. — ^Di-iodo-betanaphthol.  This  is  an  iodine  derivative  of 
naphthol,  and  is  used  as  an  antiseptic,  under  the  name  iodonaphthol. 

Hydronaphthol. — This  is  a  proprietary  naphthol  derivative,  said  to  be  beta- 
naphthol, but  this  statement  is  denied  by  the  manufacturer,  who  claims  it  is  a  product 
of  the  reduction  of  betanaphthol. 

Asaprol. — This  is  a  calcium  betanaphthol  monosulphonate,  (C]oH,<a  J?j  Ca.  It 

is  sometimes  called  abrastol,  and  is  used  as  an  antipyretic  in  0.3  to  1  Gm.  doses. 

Alumnol  is  aluminum  betanaphthol  disulphonate;  that  is,  the  aluminum  salt 
OH 
of  the  acid,  CioH5(S03H)2.     It  is  used  as  an  astringent  and  antiseptic,  almost  en- 
tirely externally. 

H 

C      CO 

HC      C      CH 
Naphtho  quinone,       |        ||       ||         is  known,  and  yields  several  important 
HC      C     CH 

C      CO, 
H 
dye-stuffs.     Among  them  may  be  cited  carminic  acid  (p.  939). 
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ANTHRACENE 

Formula,  C14H10.  This  substance,  which  was  discovered  by  Dumas 
and  Lamant  in  1835,  is  of  importance  in  pharmacy  only  because  of 
its  medicinal  derivatives.  The  substance  itself  is  found  in  coal-tar, 
and  is  obtained  from  same  by  fractional  distillation.  It  can  also  be 
made  by  passing  simple  organic  substances,  such  as  methane,  ethylene, 
or  alcohol,  through  red-hot  tubes. 

Three  syntheses  of  anthracene  are  worthy  of  mention  as  establishing  the  struc- 
tural formula  of  the  body.  The  first  synthesis  is  its  production,  by  treatment  of 
orthotolyl-phenyl-ketone,  with  zinc-dust.  This  reaction  is  best  shown  by  the  fol- 
lowing graphic  equation: 

C-H.<^^>eH.  —  C,H,<(l||>C,H,. 

It  can  also  be  made  from  orthobrombenzyl  bromide,  treating  same  in  ethereal 
solution  with  sodium,  thus  removing  the  bromine,  with  the  formation  of  hydro- 
anthracene: 

/Br  BrCH,\  /CH,. 

CeH/  +  >CoH,     +       Na,     =     4NaBr     +  C^HZ         >C,H,. 

X^HjBr  Br^  ^CH  / 

And  this,  when  treated  with  an  oxidizing  agent,  yields  anthracene. 

A  third  synthesis  of  anthracene  is  by  treating  benzene  with  tetrabromethane 
in  the  presence  of  aluminum  chloride,  as  is  shown  in  the  equation  given  below: 

BrCHBr  /CH. 

CeH.     +  I  +     CeH,     =4HBr     +     CeH/T     XH,. 

BrCHBr  ^CH/ 

It  may  be  recalled  that  naphthalene,  when  treated  with  nascent  hydrogen, 
easily  added  four  atoms  of  hydrogen,  and  with  difficulty  six  more  were  persuaded  to 
go  on.  Anthracene,  likewise,  easily  adds  four  atoms  of  hydrogen,  and  under  additional 
treatment  it  can  be  made  to  take  up  ten  extra  atoms  of  hydrogen,  this  seeming  to 
point  to  the  existence  of  seven  double  bonds,  two  of  which  are  more  easily  replaceable 
than  the  other  five. 

The  structure  of  anthracene  is  deduced  from  the  following  considerations: 

First,  it  must  possess  two  benzene  rings,  this  being  proved  by  the  synthesis  of 
orthotolylphenyl  ketone  and  by  the  hydroanthracene  synthesis. 

Secondly,  the  middle  ring  proceeds  from  the  ortho  position  of  both  benzenes; 
this  being  proved  by  the  synthesis  with  orthobrombenzyl  bromide. 

Thirdly,  the  middle  ring  has  an  ethylene  bond  extending  between  its  two  indi- 
vidual carbon  atoms;  this  is  shown  by  the  hydro-anthracene  synthesis. 

Fourthly,  this  ethylene  bond  is  weaker  than  the  others,  as  shown  by  the  ease 
with  which  the  two  hydrogens  are  taken  away. 

Fifth,  that  each  of  the  two  benzene  rings  have  three  ethylene  bonds;  this  being 
proved  W  the  fact  that  the  body  absorbs  ten  other  atoms  of  hydrogen,  but  that  with 
more  difficulty  than  did  the  first  two. 

From  these  facts  the  characteristic  formula  of  anthracene,  shown  below,  is 
deduced: 

H      H      H 
C      C      C 


HC     C 


B 


h  & 


C      CH 

II       I 
C     CH 


c    c    c 

H      H      H 


Anthraquinone. — Formula,  Ci.HgOj.     This  is  an  anthracene  deriv- 
ative in  which  two  hydrogen  atoms  have  been  replaced  by  two  oxy- 
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gen  atoms.  It  is  made  by  the  treatment  of  phthalic  acid  anhydride 
with  benzene  in  the  presence  of  aluminum  chloride,  this  yielding 
orthobenzoyl  benzoic  acid,  which  substance  is  converted  into  anthra- 
quinone  when  treated  with  phosphorus  pentoxide: 

(a)     CeH/        >0     +     CeH,     (+AICI3)      =     C,H,<        ^^C.H, 


(6)     CeHZ        ^-C,H,  (+PA)  =CeH/       Xh. 


This  reaction  led  to  the  conclusion  that  the  graphic  formula  of  anthra- 
quinone  is 

H  H 

C      CO    C 

^\/\/%. 
HC     C     C     CH 

I      li      I;      I 
HC     C     C     (3H 


C     CO  c 
H  H 


O 


k 


or,  schematically, 


Anthraquinone  can  also  be  made  by  the  oxidation  of  anthracene  with 
chromic  acid. 

Anthraquinone  is  of  little  importance  in  pharmacy,  but  the 
oxyderivatives  of  it  are  worth  more  than  passing  notice.  Among 
these  we  find  alizarine,  which  is  dioxyanthraquinone : 

O     OH 

OH 


O. 

This  substance,  which  is  a  coloring  constituent  of  madder,  was  isolated  from  that 
dye-stuff  by  Graebe  and  Liebermanin  the  year  1867,  while  in  1879  they  accomplished 
its  synthesis  by  treating  phthalic  acid  anhydride  with  pyrocatechin.  Madder  is 
the  ground  root  of  Anchusa  tinctoria,  and  formerly  one  of  the  staple  dyeing  materials 
was  an  infusion  of  this  substance,  which  yielded,  in  the  presence  of  aluminum  salts, 
characteristic  scarlet  dyes.  The  madder  industry  represented  an  important  item 
in  the  agriculture  of  southern  France  until  the  discovery  of  synthetic  alizarine,  since 
which  time  the  industry  has  been  practically  ruined,  as  is  shown  in  the  following 
figures  concerning  the  exportation  of  madder  from  France.  In  1872  the  exports  of 
madder  were  valued  at  $1,850,000;  in  1878,  after  the  discovery  of  artificial  alizarine, 
the  exports  were  only  $70,000;  and  in  1883  the  exports  have  sunk  to  the  insignificant 
figure  of  $53,000. 

Oxy-methylanthraquinone, 
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This  substance  was  discovered  by  Tschirch  in  his  valuable 
researches  on  the  active  principles  of  the  well-known  purgative 
resins,  and  considered  by  him  as  the  fundamental  purgative  principle. 

Dioxymethylanthraquinone,  or  chrysophanic  acid,  O     OH 

CCOo"h. 

o 

This  substance  represents  an  active  purgative  principle  of  chrysa- 
robin,  senna,  rhubarb,  cascara  sagrada.  Note  that  this  is  not  the 
chrysophanic  acid  of  commerce,  that  name  being  erroneously  applied 
to  the  natural  product  which  the  pharmacopoeia  calls  chrysarobin 
(p.  873). 

Trioxymethylanthraquinone,  or  emodin,  O    OH 

HO  rY^r^i  CH3 

J  OH. 

o 


This  is  one  of  the  important  purgative  principles  found  in  rhubarb, 
frangula,  and  aloes. 

Tetraoxymethylanthraquinone,  ^     P     OH 

H0/\/\/\,CH3 

H^  KAXJ  ^«- 

O 

Tetraoxymethylanthraquinone  is  called  aloexanthin,  being  one  of 
the  less  important  constituents  of  aloes.  Aloin,  according  to  Tschirch, 
is  a  body  having  the  following  graphic  formula: 

O      OH 

H0/\AACH3 

HO  \/\/\/  OH 

A 

HOH 

DRUGS  CONTAINING  THE  ANTHRAQUINONE  PURGATIVES 

RHEUM.     Rhubarb. 

The  dried  rhizome  of  Rheum  officinale  Baillon,  Rheum  palmatum  Linn6,  and  the 
var.  tanguticum  Maximowicz  (Fam.  Polygonacece),  or  probably  other  species  of  Rheum, 
grown  in  China  and  Thibet,  and  deprived  of  most  of  the  bark  and  carefully  dried. 

Constituents. — Chrysophanic  acid;  emodin;  chrysophan  (a  glucoside 
that  hydrolyzes  to  chrysophanic  acid);  resins  (phaeoretin,  erythro- 
retin,  etc.);  rheotannic  acid;  starch,  etc. 

Remarks. — Rhubarb,  one  of  our  most  valuable  medicines,  is  the 
sliced  and  dried  root  of  Rheum  officinale.  Study  its  constituents 
very  carefully,  noting  that,  besides  the  cathartic  anthraquinone 
derivatives,  it  contains  an  astringent, — rheotannic  acid, — and, 
therefore,  while  the  drug,  administered  alone,  has  a  purgative  action, 
when  combined  with  aromatics  it  acts  as  an  astringent.  This  explains 
why  aromatic  syrup  of  rhubarb  checks  diarrhea,  while  syrup  of 
rhubarb  is  a  laxative. 
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Torrefied  rhubarb  (p.  84)  is  the  roasted  drug.  The  tannin  is 
thus  destroyed,  and  the  pure  purgative  results. 

Medical  Properties. — Cathartic  and  astringent  (see  above).  Official 
preparations:  Fluidextract  (p.  246),  tincture  (p.  235),  aromatic  tincture 
(p.  235),  compound  powder  (p.  305),  and  compound  pills.  The  extract 
(p.  289),  the  syrup  (p.  198),  and  mixture  of  rhubarb  and  soda  (p.  265) 
are  made  from  the  fluidextract,  while  the  aromatic  syrup  (p.  198)  is 
made  from  the  aromatic  tincture. 

Dose. — Of  drug,  1  Gm.  (15  grains). 

FRANGULA.     Frangula.     Buckthorn  Bark. 

The  dried  bark  of  Rhamnus Frangula  Linn^  (Fam.  Rhamnacece),  collected  at  least 
one  year  before  being  used. 

Constituents. — Rhamnoxanthin  (or  frangulin),  which  has  been 
proved  a  mixture  oi  frangulinic  acid  and  emodin;  tannin,  bitter  resin, 
etc. 

Medical  Properties. — Cathartic.  Administered  in  the  form  of  the 
official  fluidextract  (p.  247). 

Dose. — 1  Gm.  (15  grains). 

RHAMNUS  PURSHIANA.     Cascara  Sagrada. 

The  dried  bark  of  Rhamnus  Purshiana  De  Candolle  (Fam.  Rhamnacece),  collected 
at  least  one  year  before  being  used. 

Constituents. — Chrysophanic  acid,  emodin,  bitter  resins,  etc. 

Remarks. — Cascara  sagrada  is  one  of  our  most  popular  purgatives. 
Its  chief  drawback  is  its  bitter  taste,  but  it  has  been  found  that  the 
bitterness  resides  largely  in  a  resinous  principle,  and  can  be  removed 
by  treatment  with  alkali,  without  seriously  lessening  the  purgative 
action  of  the  drug.  This  fact  is  applied  in  the  manufacture  of  the 
official  aromatic  fluidextract,  where  the  bark  is  freed  from  bitterness 
by  treatment  with  magnesia. 

Both  frangula  and  cascara  sagrada  in  fresh  condition  contain  a 
ferment  which  causes  griping,  and  which  is  dissociated  on  allowing 
the  bark  to  age;  hence  the  pharmacopoeial  requirement  that  both 
barks  be  at  least  one  year  old  when  used.  As  the  pharmacist  can 
never  tell  whether  the  fluidextract  purchased  in  the  open  market  has 
been  made  from  the  green  bark,  the  only  safe  course  is  to  make  his 
own  fluidextract  from  bark  that  he  has  kept  in  stock  for  one  year. 
It  is  claimed,  however,  that  heating  the  bark  for  a  few  hours  at 
100°  C.  destroys  the  ferment,  and  that  barks  can,  therefore,  be  aged 
in  this  way. 

Medical  Properties. — Purgative  of  great  service.  There  is,  however, 
danger  of  contracting  the  "cascara  habit."  The  extract  (p.  288), 
fluidextract  (p.  247),  and  the  aromatic  fluidextract  (p.  254)  are  official. 

Dose. — 1  Gm.  (15  grains). 

SENNA.     Senna. 

The  dried  leaflets  of  Cassia  acutifolia  Delile  (Alexandria  Senna),  or  of  Cassia 
angustifolia  Vahl  (India  Senna)  (Fam.  Leguminosce). 
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Constituents. — Cathartic  acid  (a  glucoside  which  hydrolyzes  to 
cathartogenic  acid);  chrysophanic  acid;  emodin;  chrysoretin  (a  form  of 
chrysophan),  a  bitter,   griping  resin. 

Remarks. — Senna  represents  the  leaflets  of  two  plants,  Cassia 
acutifolia  being  the  source  of  the  drug  shipped  from  Egypt,  and 
Cassia  angustifolia  yielding  that  exported  from  India.  Tinnevelly 
Senna  is  a  fine  variety  coming  from  India.  Strong  alcohol  removes 
the  griping,  resinous  principle  without  extracting  the  true  purgative 
constituents,  cathartic  acid,  chrysophanic  acid,  and  emodin.  (See 
the  Fluidextract,  p.  255.) 

Medical  Properties. — Cathartic.  Official  preparations:  The  fluid- 
extract  (p.  255),  compound  infusion  (p.  215),  and  the  confection  (p.  313). 
syrup  of  senna  (p.  201)  is  made  from  the  fluidextract. 

Dose. — Of  drug,  4  Gm.  (60  grains). 

ALOE.    Aloes. 

[Aloe  Barbadensis,  Aloe  Socotrina,  Pharm.  1890]. 

The  inspissated  juice  of  the  leaves  of  Aloe  vera  (Linne)  Webb,  Aloe  Chinensis 
Baker,  Aloe  Perryi  Baker,  or  other  species  of  Aloe  (Fam.  Liliacece). 

Constituents. — Aloin,   emodin,   resin,   etc. 

Remarks. — It  will  be  noted  that  the  official  definition  given  above 
mentions  three  sources  of  aloes.  The  plant  Aloes  vera  furnishes 
Barbadoes  aloes  (Aloes  Barbadensis,  U.  S.  P.  1890),  Aloe  Perryi 
yields  Socotrine  aloes  (Aloe  Socotrina,  U.  S.  P.  1890),  while  Aloe 
Chinensis  produces  what  is  called  in  commerce  Curacao  aloes.  The 
aloin  from  these  three  varieties  is  not  identical. 

In  passing  it  might  be  stated  that  these  plants  have  huge  succulent 
leaves,  like  those  of  the  century  plant,  and  that  the  drug  is  obtained 
by  cutting  these  leaves  from  their  base,  allowing  the  juice  to  drain 
(in  poorer  varieties  the  leaves  are  expressed),  and  permitting  it  to  dry 
in  the  sun. 

Cape  aloes  is  obtained  from  Aloe  Spicata  or  Aloe  ferox,  and  is  now 
quite  scarce.  The  so-called  Cape  aloes  of  commerce  is  of  the  poorest 
grade,  and  is  unfit  for  human  consumption. 

Medical  Properties. — Laxative,  purgative,  emmenagogue.  Official 
preparations:  Purified  aloes  (see  below)  and  the  extract  (p.  279). 
Aloes  should  not  be  used  in  crude  form,  hence  all  official  preparations 
save  the  extract  are  made  from  purified  aloes. 

Dose. — 250  milligrammes  (4  grains). 

ALOE   PURIFICATA.     Purified  Aloes. 

Recipe. — Aloes,  one  thoiisand  grammes 1000  Gm. 

Alcohol,  two  hundred  cubic  centimeters 200  Cc. 

Heat  the  Aloes,  by  means  of  a  water-bath,  until  it  is  completeljr  melted.  Then 
add  the  Alcohol,  and,  having  stirred  the  mixture  thoroughly,  strain  it  through  a  No. 
60  sieve,  which  has  just  been  dipped  into  boiling  water.  Evaporate  the  strained 
mixture  by  means  of  a  water-bath,  constantly  stirring,  until  a  thread  of  the  mass 
becomes  brittle  on  cooling.  Lastly,  break  the  product,  when  cold,  into  pieces  of  a 
convenient  size,  and  keep  it  in  well-stoppered  bottles. 

Purified  Aloes  is  irregular,  brittle  pieces  of  a  dull-brown  or  reddish-brown  color, 
and  having  the  peculiar  odor  of  Aloes.     It  is  almost  entirely  soluble  in  alcohol. 
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Remarks. — From  above  recipe  it  will  be  seen  that  aloes  is  purified 
by  mixing  with  enough  alcohol  to  make  a  liquid  that  can  be  strained 
through  a  No.  60  sieve,  and  that  the  strained  liquid  is  then  freed  from 
alcohol  by  evaporation  on  a  water-bath.  In  other  words,  the  process 
is  purely  mechanical,  the  object  being  to  free  crude  aloes  from  dirt, 
straw,   and  other  insoluble  impurities. 

The  official  preparations  made  from  purified  aloes  are  the  tincture 
(p.  221),  tincture  of  aloes  and  myrrh  (p.  221),  the  pills  (p.  322),  pills 
of  aloes  and  iron  (p.  322),  pills  of  aloes  and  mastic  (p.  322),  and  pills 
of  aloes  and  myrrh  (p.  323).  It  is  also  a  constituent  of  compound 
extract  of  colocynth  (p.  282). 

Medical  Properties  and   Dose. — Same  as  aloes. 

ALOINUM.     Aloin. 

A  neutral  principle  obtained  from  Aloes,  varying  more  or  less  in  chemical  com- 
position and  physical  properties  according  to  the  source  from  which  it  is  obtained. 
Chiefly  prepared  from  Curasao  Aloes. 

A  micro-crystalline  powder  or  minute  acicular  crystals,  lemon-yellow  to  dark 
yellow  in  color,  possessing  a  slight  odor  of  aloes  and  an  intensely  bitter  taste.  It 
IS  slightly  hygroscopic,  the  air-dried  powder  yielding  1  molecule  of  water  of  crystal- 
lization at  100°  C.  (212°  F.). 

Aloin  from  Curasao  Aloes  is  soluble  in  about  120  parts  of  water,  15  parts  of 
alcohol,  664  parts  of  ether,  4260  parts  of  chloroform,  3120  parts  of  benzene,  1475 
parts  of  petroleum  benzin,  and  55  parts  of  acetone,  at  25°  C.  (77°  F.). 

The  melting-point  of  Aloin  from  Curagao  Aloes  which  has  been  dried  over  sul- 
phuric acid,  is  about  147°  C.  (296.6°  F.).  When  ignited,  it  is  consumed  without 
leaving  a  residue. 

Aloin  dissolves  in  water,  forming  a  yellow  solution,  which  is  neutral  to  litmus- 
paper,  turns  brown  on  standing,  and  has  an  intensely  bitter  taste. 

Ammonia  water  and  alkali  solutions  dissolve  Aloin,  forming  a  yellow  solution, 
soon  turning  red  and  exhibiting  a  greenish-red  fluorescence. 

Nitric  Acid  dissolves  Aloin  from  Curasao  Aloes,  forming  a  cherry-red  solution 
(distinction  from  Nataloin,  Socaloin,  and  Capaloin). 

Aloin  when  added  to  alkaline  solutions  is  rapidly  decomposed,  but  if  mixed 
with  acid  solutions  decomposition  is  slower.  Aloin  added  in  minute  quantity  to 
concentrated  sulphuric  acid  forms  a  yellowish-red  solution  which,  upon  the  addition 
of  a  small  crystal  of  potassium  dichromate,  changes  to  an  olive-green,  then  to  a  dark 
green,  and  finally,  on  standing,  to  a  blue.  If  a  large  amount  of  potassium  dichro- 
mate be  used,  the  yellowish-red  solution  first  turns  purple,  then  brown,  and  finally 
green.  Bromine  water  added  to  the  aqueous  solution  of  Aloin  produces  a  pink  color. 
Gold  chloride  T.S.,  when  added  to  an  aqueous  solution  of  Aloin,  turns  it  carmine-red, 
changing  later  to  violet.  A  drop  of  ferric  chloride  T.S.  added  to  an  alcoholic  solution 
of  Aloin  produces  a  brownish-green  color. 

If  to  a  dilute  aqueous  solution  of  Aloin,  obtained  from  Curasao  Aloes,  1  drop  of 
copper  sulphate  T.S.  be  added,  a  bright  yellow  color  will  be  produced;  upon  adding 
a  few  drops  of  a  concentrated  solution  of  sodium  chloride,  the  liquid  will  acquire 
a  red  color,  and  upon  the  further  addition  of  a  little  alcohol  the  color  will  be  changed 
to  violet  (distinction  from  Nataloin  and  Capaloin). 

On  shaking  1  Gm.  of  Aloin  with  10  Cc.  of  benzene  for  one  minute  and  filtering, 
the  filtrate  should  not  impart  more  than  a  faint  pink  color  to  an  equal  volume  of 
ammonia  water  (5  per  cent.)  when  shaken  with  it  (limit  of  emodin). 

Tests  for  Identity. — Given  above. 

Impurities. — Nataloin,  capaloin,  socaloin,  and  emodin.  Details 
above. 

Composition. — The  chemistry  of  this  body  has  been  already  dis- 
cussed (p.  869). 

Manufacture. — Aloes  is  treated  with  acidulated  hot  water,  and 
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the  infusion  allowed  to  stand  a  day;  the  clear  liquid  is  decanted  from 
the  sediment,  concentrated  at  low  heat,  and  set  in  a  cool  place,  when 
the  aloin  will  separate  in  minute  crystals.  This  crude  aloin  is  then 
purified  by  recrystallization  from  hot  water.  It  is  also  made  by 
treating  an  acid  infusion  of  aloes  with  alkali  and  solution  of  calcium 
chloride.  A  combination  of  aloin  with  calcium  is  effected,  and  this 
separates  out,  the  calcium  being  eventually  removed  by  solution  in 
diluted  hydrochloric  acid.  The  mixture  is  then  treated  with  hot 
water,  in  which  the  resulting  calcium  chloride  is  very  soluble,  while 
the  less  soluble  aloin  crystallizes  from  the  solution  on  cooling. 

Remarks. — It  will  be  noticed  from  the  above  tests  that  aloin  gives 
a  number  of  striking  color  reactions.  Of  these,  the  most  important 
is  the  nitric  acid  test  (Histed's  test),  since  each  of  the  different  kinds 
of  aloin  gives  different  play  of  color  when  treated  with  this  acid. 
Thus  the  official  aloin  (from  Curagao  aloes)  turns  cherry  red. 

Nataloin  (that  from  Natal  aloes)  turns  vivid  crimson. 

Socaloin  (that  from  Socotrine  aloes)  is  not  colored,  while  capaloin 
(that  from  Cape  aloes)  turns  a  permanent  green. 

Medical  Properties. — Purgative.  A  constituent  of  compound 
laxative  pills  U.  S.  P.  (p.  324). 

Dose. — 15  milligrammes  (^  grain). 

CHRYSAROBINUM.     Chrysarobin. 

C30H3A  =  494.46 

A  neutral  principle  extracted  from  Goa  Powder,  a  substance  found  deposited 
in  the  wood  of  VouMcapoua  Araroba  (Aguiar)  Druce  (Fam.  Leguminosce) .  Chrysa- 
robin should  be  preserved  in  amber-colored,  glass-stoppered  vials. 

A  pale  orange-yellow,  micro-crystalline  powder,  tasteless,  odorless,  and  irritating 
to  the  mucous  membrane. 

Specific  gravity:  0.920  to  0.922. 

Soluble  in  4812  parts  of  water,  308  parts  of  alcohol,  25  parts  of  benzene,  18  parts 
of  chloroform,  114  parts  of  ether,  30  parts  of  amyl  alcohol,  and  230  parts  of  carbon 
disulphide  at  25°  C.  (77°  F.);  soluble  in  2170  parts  of  water  at  80°  C.  (176°  F.)  and 
in  275  parts  of  alcohol  at  60°  C.  (140°  F.);  soluble  in  dilute  or  concentrated  solutions 
of  potassium  hydroxide,  forming  a  red-colored  liquid,  with  green  fluorescence. 

Chrysarobin,  when  heated,  contracts  and  forms  a  dark  mass  at  148°  C.  (298.4° 
F.)  and  melts  at  157°  C.  (314.6°  F.).  When  ignited  it  is  partly  sublimed  and  finally 
entirely  consumed. 

In  sulphuric  acid  it  dissolves,  forming  a  deep  red  solution.  On  pouring  this 
liquid  into  water,  Chrysarobin  is  deposited  unchanged. 

On  mixing  0.001  Gm.  of  Chrysarobin  with  2  drops  of  fuming  nitric  acid,  a  red- 
colored  mixture  is  produced,  which  turns  violet  on  the  addition  of  a  few  drops  of 
ammonia  water  (distinction  from  chrysophanic  acid,  which  produces  a  yellow-colored 
liquid). 

On  shaking  Chrysarobin  with  lime  water  for  a  few  minutes,  the  liquid  acquires 
a  violet  color  (distinction  from  chrysophanic  acid,  which  produces  a  yellow-colored 
liquid). 

On  adding  a  crystal  of  potassium  dichromate  to  a  solution  of  Chrysarobin  in 
sulphuric  acid,  the  red  color  is  changed  at  first  to  green,  then  to  purple,  and  finally  to 
brown. 

Tests  for  Identity. — Given  above. 

Impurities. — Chrysophanic  acid.     Details  above. 

Extraction. — Chrysarobin  is  obtained  from  Goa  powder  by  extrac- 
tion with  hot  chloroform,  evaporation  of  the  chloroformic  solution 
to  dryness,  and  powdering  the  residue. 


874  PRINCIPLES   OF  PHARMACY 

Composition. — A  reduction  product  of  chrysophanic  acid. 

Remarks. — Chrysarobin,  long  and  improperly  called  chrysophanic 
acid,  is  a  derivative  of  Goa  powder,  a  waste-product  of  the  tree 
Vouacapoua  Araroba.  While  excellent  for  skin  diseases,  chrysarobin 
is  objectionable  by  reason  of  the  stain  it  produces. 

Medical  Properties. — Drastic  purgative.  Generally  used  exter- 
nally in  skin  troubles  in  the  form  of  the  official  ointment  (p.  345). 

Dose. — 30  milligrammes  (J  grain). 


CHAPTER   L 
THE  PYRIDINE  AND  QUINOLINE  DERIVATIVES 

It  may  be  recalled  (p.  752),  that  we  have  already  considered  a 
nitrogen  compound,  pyrrol,  having  the  formula  C4H4N.  Pyridine 
is  a  ring  compound  similar  to  pyrrol,  but  having  the  formula  C5H5N. 
It  occurs  in  coal-tar,  and  has  the  disagreeable  odor  of  bone  oil. 

It  can  be  made  by  treating  piperidine  with  concentrated  sulphuric 
acid  at  a  temperature  of  300°  C.,  piperidine,  C5H11N,  being  made 
by  heating  pentamethylene-diamine  hydrochloride.  It  can  also  be 
made  from  quinoline. 

Pyridine  resembles  benzene  in  being  oxidized  with  difficulty,  and 
having  the  power  to  absorb  six  atoms  of  hydrogen  or  of  any  halogen. 
From  this  behavior  and  other  reactions  it  is  assumed  that  the  formula 
of  pyridine  resembles  that  of  benzine,  except  that  in  place  of  one  of 
the  carbon  atoms  in  the  benzine  ring  an  atom  of  nitrogen  is  sub- 
stituted, giving  the  graphic  formula — 

H 
C 

^\ 
HC      CH 

HC      CH 

N. 

Pyridine  is  a  colorless  liquid,  which,  on  account  of  its  nauseating 
taste,  is  used  for  denaturizing  alcohol — i.  e.,  for  adding  to  alcohol 
which  is  to  be  used  in  the  arts — and  is,  therefore,  permitted  to  be  sold 
without  the  revenue  tax.  The  addition  of  the  disagreeable  constitu- 
ent, pyridine,  renders  the  use  of  such  alcohol  impossible  as  a  beverage, 
and  therefore  accomplishes  the  purpose  desired  by  the  government. 
Pyridine  is  also  used  in  asthma  by  inhalation,  and  is  sometimes 
administered  internally  in  doses  of  2  to  10  minims. 

Quinoline. — Formula,  CgH^N.  This  substance,  which  is  closely  allied  to  py- 
ridine, occurs,  like  it,  in  coal-tar  and  also  in  bone  oil. 
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Quinoline  is  made  by  Skraup's  reaction,  which  consists  of  treating  aniline  with 
glycerin  in  the  presence  of  sulphuric  acid  and  nitrobenzene. 

Quinoline. 
Glycerin.  CH 

Aniline.  CHjOH  Acrolein-aniline.  /% 

C,H,<j^jj        +     CHOH     — ►  ^•^*<NHCH=CH— CHO  _*.  C«H,  | 

1  \        CH 

CHjOH  \/ 

N 

It  can  also  be  made  by  dehydrating  ortho-amido-cinnamic  aldehyde. 

CH 

/% 
PTT/CH=CH— CHO  /        CH 

^''^*<NH,  =     H,0     +    CeH,  I 

\        CH 

\^ 

N 

On  oxidation,  quinoline  yields  pyridine  dicarbonic  acid,  thus  showing  that  it  has 
a  pyridine  ring  in  its  structure.  It  absorbs  hydrogen  in  a  way  which  indicates  that 
not  only  does  it  possess  a  pyridine  ring,  but  also  a  benzene  ring,  and  to  the  substance 
is,  therefore,  assigned  the  following  graphic  formula: 

H      H 
C      C 

^\/% 
HC      C     CH 

nt    I    (in 

C     N 
H 

Besides  the  methods  of  synthesis  of  quinoline  given  above,  the  chemical  has  been 
produced  by  the  fusion  of  quinine  with  potassium  hydroxide,  and  it  was  by  this 
means  that  the  compound  was  discovered  and  received  its  name. 

ALKALOIDS 

Alkaloids  are  an  important  class  of  plant  bases  having  complex 
composition;  in  fact,  some  chemists  considering  the  phrase  "alkaloid" 
as  covering  only  those  basic  organic  substances  whose  chemistry  is 
not  clearly  defined.  This  statement,  while  extreme,  is  partially 
justified  by  the  fact  that,  as  alkaloidal  bodies  are  studied,  they  are 
frequently  assigned  to  other  divisions  of  chemistry.  Thus  betaine 
from  beets  is  now  grouped  among  the  derivatives  of  glycocol,  or 
amidoacetic  acid,  CHjNHj  (p.  673);  choline  from  bile  is  classed  as  a 

COOH 

II-— -^CH  \ 
derivative   of   tetramethyl    ammonium  hydrate,  fl^^Qjr       (p- 633); 

while  caffeine  is  now  considered  as  a  uric-acid  derivative  (p.  749), 
the  pharmacopoeia  dropping  the  word  "alkaloid"  in  discussing  it, 
calling  it  "a  feebly  basic  substance."  There  still  remains,  however, 
a  distinct  class  of  bodies  which  we  can  call  alkaloids;  the  new  definition 
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for  alkaloids  being  nitrogenous  plant  bases,  which  are  derivatives  of 
pyridine,    quinoline,    or   similar   ringed   bodies. 

Hence  it  is  necessary  to  drop  the  old  classification  of  alkaloids  and  turn  to  the 
new,  but  before  so  doing  it  is  advisable,  from  the  historic  point  of  view,  to  discuss 
a  few  phases  of  the  old  alkaloidal  classification  still  dear  to  the  present  generation  of 
pharmacists,  at  the  same  time  calling  attention  to  the  fallacies  found  in  each  state- 
ment, which  in  most  cases  consist  in  the  fact  that  while  the  statement  is  true  for 
alkaloids  it  also  applies  to  other  substances  no  longer  considered  alkaloids. 

I.  "Alkaloids  are  basic,  turning  red  litmus-paper  blue,  and  combining  with  acids 
to  form  salts."  True,  but  so  do  other  bodies,  such  as  methylamine  (p.  648)  and 
aniline  (p.  767). 

II.  "Alkaloids  are  nitrogen  bases,  and  are  built  on  the  ammonia  type."  True, 
but  so  are  such  compounds  as  mono-,  di-,  and  tri-methylamine,  and  tetramethyl 
ammonium  iodide  (p.  648). 

Before  leaving  this  subject,  however,  it  is  well  to  employ  it  in  order  to  explain  why 
the  formula  of  any  alkaloidal  salt  is  the  formula  of  the  alkaloid  from  which  derived, 

Elus  the  formula  of  the  acid,  including  its  hydrogen.     Thus  the  formula  of  morphine 
ydrochloride,  U.  S.  P.  VIII.,  is  Ci^HijNOaHCl,  while  the  formula  of  morphine,U.  S.  P. 
VIII.,  is  Ci.HioNOj. 

We  have  already  learned  (p.  483)  the  formation  of  a  salt  from  ammonia  was  dif- 
ferent from  the  formation  of  a  sodium,  potassium,  or  any  other  metallic  salt,  the 
reaction  being  graphically: 

I  — H 
— H 


N=i " « '  T  N 


NH3     +     HCl     =     NH.Cl       n|-ii     +     JUJi      =     l^-H 

—CI. 

On  this  ammonia  type  are  the  alkaloids  built,  one,  two,  or  all  the  hydrogen 
atoms  being  replaced  by  complex  organic  radicles;  thus,  one  of  the  simplest,  coniine, 
is — 

CjH,  =  NH 

I 
C3H7, 

and  just  as  NH3  +  HCl  =  NH^Cl,  as  shown  above,  so  does  coniine  plus  hydrochloric  acid 
combine  as  follows: 


c^bh 


C5H, 

C5H,=NH 

iaH, 

L- 

+     HCl     = 

-H  ^1 — CjHgCaHj 


N^.  -N 


— H 
—CI. 


Even  so  does  the  valence  of  the  nitrogen  in  morphine  change  from  in  to  v  in 
the  conversion  of  the  free  alkaloid  into  the  salt.  This  also  explains  why  the  salt  is 
named  morphine  hydrochloride  (hydrochlorate,  U.  S.  P.  1890),  and  not  morphine 
chloride. 

III.  "There  are  a  special  line  of  reagents  producing  precipitates  with  alkaloids. 
Such  alkaloidal  precipitants  are  Mayer's  reagent  (potassio-mercuric  iodide),  gold 
chloride,  tannic  acid,  etc."  True,  but  these  same  reagents  precipitate  almost  any 
amido  derivative. 

IV.  "Alkaloids  are  grouped  into  the  amines  (liquid  alkaloids)  and  the  amides 
(solid  alkaloids)."  By  amines  we  mean  those  bodies  having  the  general  formula 
RNHj  (p.  633),  while  amides  are  those  bodies  having  the  general  formula  RCOCHj — 
that  is,  where  the  hydroxyl  of  the  carboxyl  group  is  replaced  by  the  NHj  group.  The 
statement  that  the  solid  alkaloids  are  amides  is  not  wholly  true,  as  the  solid  alkaloids, 
atropine,  cocaine,  and  morphine,  do  not  contain  the  RCOCHj  group. 

Alkaloids  are  either  solid  or  liquid,  the  greater  number  of  them 
being  solid.  Among  the  liquid  alkaloids  that  might  be  mentioned 
are  nicotine,  coniine,  and  lobeline.  No  fixed  rule  can  be  given  as  to 
the  difference  in  the  structure  between  the  solid  and  the  liquid  alka- 


THE   PYRIDINE   AND   QUINOLINE   DERIVATIVES 


877 


loids;  the  general  statement  that  the  liquid  alkaloids  are  free  from 
oxygen  is  not  always  true.  Thus,  the  liquid  alkaloid  pelletierine 
contains  oxygen. 

Alkaloids  usually  occur  in  the  form  of  salts,  the  most  abundant 
natural  alkaloidal  combinations  being  citrates,  malates,  and  tannates. 
The  alkaloids  found  in  cinchona  are  generally  salts  of  quinic  acid, 
while  the  alkaloids  of  opium  are  usually  combined  in  the  drug  with 
meconic  acid.  So  far,  very  few  alkaloids  have  been  found  in  mono- 
cotyledonous  plants,  the  only  two  of  importance  derived  from  plants 
of  that  order  being  colchicine  and  veratrine,  the  greater  majority  of 
the  alkaloids  being  found  in  the  plants  of  the  dicotyledonous  series, 
although  curious  to  relate,  tWo  of  the  most  important  families  of  this 
group,  the  two  containing  the  largest  number  of  species,  namely, 
the  natural  orders  Compositse  and  Labiatse,  contain  no  alkaloids.  On 
the  other  hand,  with  some  plant  families,  such  as  the  Solanaceae  and 
Papaveraceae,  almost  every  represented  species  contains  alkaloids. 

As  to  nomenclature,  note  that  the  pharmacopoeia  reserves  the 
termination  "ine"  for  alkaloids  only,  using  "in"  for  glucosides  and 
neutral  principles.  Other  countries  do  not  make  this  distinction, 
terminating  the  names  of  all  active  principles  of  drugs  with  "in." 
For  comparison,  let  us  tabulate  the  pharmacopceial  Latin  and  English 
names  of  a  typical  glucoside  and  a  typical  alkaloid: 

Latin.  English. 

Glucoside,  U.  S.  P.  VIII Salicinum.  Salictn. 

Alkaloid,  U.  S.  P.  VIII Quinino.  Quimne. 

Alkaloid,  U.  S.  P.  1870 Quinia. 

The  last  termination  has  still  considerable  hold  in  the  Southern 
States,  where  there  are  often  calls  for  "sulphate  of  cinchonidia" 
(now  cinchonidina  in  Latin,  and  cinchonidine  in  English)  or  for 
"quinia  sulphas." 

EXTRACTION  OF  ALKALOIDS 

While  the  extraction  of  each  alkaloid  from  its  drug  means  a 
difference  in  manipulation  according  to  the  peculiarities  of  the  individ- 
ual alkaloid,  and  while  an  outline  of  the  separation  of  each  alkaloid 
is  given  under  the  proper  heading,  a  general  idea  of  alkaloidal  extrac- 
tion can  here  be  outlined. 

The  drug  is  extracted  with  acidulated  water  or  alcohol.  If  the 
latter  menstruum  is  used,  the  alcohol  is  distilled  off  and  the  residue 
taken  up  with  acid,  and  this  acidulated  aqueous  liquid  is  made  alkaline 
with  potassa, — soda,  ammonia,  or  milk  of  lime, — thereby  liberating 
the  alkaloid  which  precipitates  from  solution.  The  freed  alkaloid  is 
either  collected  on  a  filter  and  purified  by  recrystallizat.ion  from  the 
appropriate  solvent  or  more  generally  while  still  in  the  liquid  is  "shaken 
out"  (p.  137)  with  a  solvent  immiscible  in  water — say  gasoline,  petro- 
leum ether,  chloroform,  or  ether.  The  freed  alkaloid  dissolves  in  this 
solvent,  the  Solution  separated  from  the  now  exhausted  aqueous  layer, 
the  solvents  evaporated  off,  and  the  crude  alkaloid  purified  by  recrys- 
tallization,  usually  as  a  salt  rather  than  as  the  free  alkaloid.  Of 
course,  this  bare  outline  omits  the  details  of  purification  employed* 
in  each  case,  these  details  being  taken  up  in  discussing  the  individual 
drugs. 
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CLASSIFICATION  OF  ALKALOIDS 

Pyridine  derivatives: 
Piperidine. 
Piperine. 
Coniine. 
Pilocarpine,  U.  S.  P. 

Tropine  derivatives: 
Tropine. 

Atropine,  U.  S.  P. 
Scopolamine,  U.  S.  P. 

Quinoline  derivatives: 
Quinine,  U.  S.  P. 
Quinidine. 
Cinchonine,  U.  S.  P. 
Cinchonidine,  U.  S.  P. 

Isoquinoline  derivatives: 
Isoquinoline. 

Phenanthrene  derivatives: 
Morphine,  U.  S.  P. 
Apomorphine,  U.  S.  P. 

Uncdlotted: 

Physostigmine,  U.  S.  P. 
Aconitine,  U.  S.  P. 
Colchicine,  U.  S.  P. 


Nicotine. 
Sparteine,  U.  S.  P. 


Hyoscine,  U.  S.  P. 
Hyoscy amine,  U.  S.  P. 
Cocaine,  U.  S.  P. 


Strychnine,  U.  S.  P. 
Veratrine,  U.  S.  P. 


Hydrastine,  U.  S.  P. 
Codeine,  U.  S.  P. 

Pelletierine,  U.  S.  P. 
Comutine. 


The  other  alkaloids,  such  as  emetine,  gelsemine,  cissampeline,  etc., 
are  but  little  understood. 

Note. — In  the  table  just  given,  alkaloids  to  which  the  initials  "U.  S.  P."  are 
appended  are  official  either  as  free  alkaloid  or  as  a  salt.  In  other  words,  it  does  not 
necessarily  mean  that  the  free  alkaloid  is  official,  nor  that  none  of  its  salts  is  official. 


Group  I. — The  Pyridine  Derivatives 

The  chemistry  of  pyridine  has  already  been  considered  on  p.  874. 
Its  hydrogen  compound,  hexahydropyridine,  CgHuN,  is  called  piperi- 
dine, and  was  discovered  by  Rochleder  in  1849  on  heating  piperine 
with  soda  lime. 

Piperidine  is  obtained  from  cadaverine  (or  pentamethylene  diamine),  a  substance 
found  in  decaying  flesh.  On  heating  this  body  ammonia  is  driven  off,  with  the  for- 
mation of  piperidine,  as  shown  below: 


CH, 


<; 


Cadaverine. 
CH^— CH2NH2 

CH,— CH,NH, 


+     heat     = 


Piperidine. 

<CH2 — CHjv 
>NH. 
CH,— CH,/ 


Piperidine  is  here  mentioned  not  because  of  its  value  in  pharmacy,  but  because 
its  propyl  derivative  is  an  alkaloid  of  importance  by  reason  of  being  the  first  alkaloid 
made  synthetically.  This  alkaloid  is  coniine.  Coniine  was  isolated  by  Giesecke  in 
1827  from  the  fruit  of  Conium  maculatum.  It  is  alpha-propyl-piperidine,  and  its 
synthesis  was  accomplished  by  Ladenberg  in  1886  by  reduction  of  allyl-pyridine: 
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Allyl-pyridine. 

Coniine. 

CH=CH— CH3 

HC            N            +     8H     = 
H    H 

CHa — CHj — CH3 
CH,— CH 
X     CH,             NH 
CH, — CH, 

Synthetic  coniine  is  identical  with  the  natural  product  obtained  from  conium, 
except  that  it  is  optically  inactive,  while  the  natural  coniine  is  dextrogyrate.  As 
already  mentioned  on  p.  685,  when  an  inactive  form  of  an  optically  active  chemical 
is  known,  it  usually  consists  of  equal  quantities  of  the  dextrogyrate  and  the  laevogy- 
rate  forms  of  this  substance.  Following  this  theory,  the  inactive  synthetic  coniine 
must  be  a  mixture  of  the  dextrogyrate  and  the  laevogyre  alkaloid.  Now,  if  the  natural 
coniine  is  the  dextrogyre,  while  the  artificial  is  a  mixture  of  the  dextrogyre  with 
laevogyre,  it  follows  that  if  Isevogyre  is  removed,  the  dextrogyre  will  remain,  and  by 
reason  of  this  theory  an  effort  was  made  to  remove  the  Isevogyrate  form  from  the 
synthetic  inactive  product  by  special  crystallizations,  and  a  product  exactly  identical 
with  the  natural  was  obtained. 

As  mentioned  above,  coniine  is  the  alkaloid  found  in  Conium  macuiatum,  and  is 
rarely  used  in  medicine. 

PIPERINA.     Piperine. 

Ci.HiaNOa  =  283.04 

A  feebly  basic  substance  [CHA.CeH3.CH:  CH.CH:  CH.CON.C5H10]  obtained 
from  Pepper  and  other  plants  of  the  Piperacece. 

Colorless  or  pale  yellowish,  glistening,  monoclinic  crystals,  odorless,  permanent 
in  the  air,  and  containing  no  water  of  crystallization.  When  put  into  the  mouth 
it  is  at  first  tasteless,  but  on  prolonged  contact  it  develops  a  sharp,  biting  taste.  It 
is  optically  inactive. 

Insoluble  in  water;  soluble  in  15  parts  of  alcohol,  36  parts  of  ether,  and  in  1.7 
parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  4.4  parts  of  alcohol  at  60°  C.  (140° 
F.). 

It  melts  at  130°  C.  (266°  F.).  Upon  ignition,  it  emits  alkaline  vapors,  and  is 
completely  consumed. 

Its  alcoholic  solution  is  neutral  to  litmus-paper. 

Sulphuric  acid  dissolves  Piperine  with  the  formation  of  a  blood-red  color,  which 
disappears  on  dilution  with  water. 

On  heating  0.1  Gm.  of  Piperine  with  alcoholic  potassium  hydroxide,  it  is  con- 
verted into  piperinic  acid  and  piperidine,  the  latter  recognizable  by  its  alkaline, 
pepper-like  odor,  and  the  former  by  its  melting-point,  215°  C.  (419°  F.). 

On  adding  a  crystal  of  Piperine  to  sulphuric  acid  containing  about  half  its  volume 
of  solution  of  formaldehyde,  a  permanently  green  liquid  is  formed. 

On  adding  a  crystal  of  Piperine  to  sulphuric  acid  containing  a  fragment  of  potas- 
sium dichromate,  it  at  once  acquires  a  purple  color,  and,  on  stirring,  dissolves,  form- 
ing a  reddish-brown  solution,  which  becomes  greenish  on  adding  water  to  it. 

On  adding  a  crystal  of  Piperine  to  sulphuric  acid  containing  a  trace  of  selenous 
acid,  it  turns  brown,  changing  at  once  to  violet,  and  dissolves,  forming  a  brown 
solution,  changing  to  green. 

When  heated  with  nitric  acid,  Piperine  is  colored  at  first  orange,  then  red,  and 
the  acid  acquires  a  yellow  color,  deepening  to  reddish  as  the  crystals  dissolve.  On 
adding  to  this  solution  an  excess  of  potassium  hydroxide  T.S.,  the  color  is  at  first 
yellow,  but  upon  boiling  it  becomes  blood-red. 

Tests  for  Identity. — Given  above. 

Extraction. — The  alcohol  extract  of  white  pepper  is  freed  from  resin  by  treat- 
ment with  solution  of  potassa,  and  after  removing  the  resin  solution  by  washing  with 
water,  the  insoluble  residue,  consisting  chiefly  of  piperine,  is  dissolved  in  alcohol  and 
crystallized  several  times  from  the  same  solvent. 
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Constitution. — Piperine  is  the  combination  of  piperidine  with  piperinic  acid,  and 
has  been  made  synthetically  from  these  substances,  viz.: 

Piperidine.  Piperinic  acid. 

CH  =CH— CH  =CH— COOH 

CHa  C 

HjC       CHj  +  HoC      CH  ^ 


,C       CH, 

NH  C O 


H,C       CH*  H,C      C\ 


Piperine. 

CH, 

/\ 
H2C      CH2 

H,C      CHo 


N 

CO— CH  =  CH— CH = CH 

I 
C 

/% 
HC      CH 

II        I         - 
HC      C. 

Likewise,  when  treated  with  alcoholic  potassa,  piperine  splits  into  piperidine  and 
piperinic  acid,  this  dissociation  being  included  among  the  pharmacopoeial  tests. 

As  piperine  does  not  readily  form  salts  with  acids,  some  authorities 
no  longer  consider  it  an  alkaloid,  the  pharmacopoeia  seeming  to  hold 
to  that  opinion  by  defining  it  as  "a  feebly  basic  substance." 

Piperine  is  a  useful  antiperiodic. 

Dose. — 200  milligrammes  (3  grains). 

Pilocarpine. — Composition. — The  formula  of  pilocarpine  is  supposed  to  be — 

CH3 
C,H,  —  CH     =  CH    —  CH,  —  C     —  N\ 

II  \CH. 

CH,  CH  —  N^ 


COO  — 


Extraction. — Jaborandi  in  fine  powder  is  moistened  with  sodium  carbonate  solu- 
tion and  then  extracted  with  warm  benzene.  The  benzene  percolate  containing 
the  free  alkaloid  is  shaken  with  diluted  hydrochloric  acid  (which  dissolves  the  alkaloid 
as  hydrochloride),  and  the  separated  acid  liquid  is  made  alkaline  with  sodium  car- 
bonate solution  and  then  shaken  out  with  chloroform.  The  chloroform  solution  of 
the  free  alkaloid  is  next  evaporated,  the  crude  alkaloid  taken  up  with  diluted  nitric 
acid,  and  the  nitrate  thus  purified  by  recrystallization  from  alcohol. 

The  free  alkaloid  can  be  obtained  from  the  nitrate  by  making  its  aqueous  solution 
alkaline  with  ammonia,  shaking  out  with  chloroform,  and  evaporation  of  the  chloro- 
form. 

The  "shaking  out"  with  chloroform  will  be  explained  in  Part  V., 
under  Extraction  with  Immiscible  Solvents. 
The  following  salts  of  pilocarpine  are  official. 
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PILOCARPINiE     HYDROCHLORIDUM.     Pilocarpine  Hydrochloride. 

CuHi^N^Oj.HCl  =  242.81 
[PiLOCARPiNiE  Hydrochloras,  Pharm.  1890] 

The  hydrochloride  [HCl.CnHigNaOa]  of  an  alkaloid  obtained  from  Pilocarpus. 
It  should  be  kept  in  well-stoppered,  amber-colored  vials. 

Colorless  or  white,  transparent  crystals,  odorless,  and  having  a  faintly  bitter 
taste;  deliquescent  on  exposure  to  the  air.     It  contains  no  water  of  crystallization. 

Soluble  in  0.3  part  of  water,  2.3  parts  of  alcohol,  and  in  540  parts  of  chloroform 
at  25°  C.  (77°  F.);  soluble  in  1.1  part  of  alcohol  at  60°  C.  (140°  F.);  insoluble  in 

After  drying  for  several  hours  at  100°  C.  (212°  F.)  the  salt  melts  at  195.9°  C. 
(384.5°  F.),  and  upon  ignition  it  is  entirely  consumed. 

Its  aqueous  solution  is  neutral  or  has  a  faintly  acid  reaction  upon  blue  litmus- 
paper. 

Sulphuric  acid  dissolves  Pilocarpine  Hydrochloride,  with  elimination  of  hydro- 
chloric acid  gas  and  the  formation  of  a  colorless  hquid;  upon  adding  to  the  solution 
a  small  fragment  of  potassium  dichromate  on  a  white  porcelain  surface,  a  bright, 
grass-green  color  is  produced. 

If  0.01  to  0.02  Gm.  of  the  salt  be  dissolved  in  2  Cc.  of  water  in  a  test-tube,  2  Cc. 
of  a  slightly  acid  solution  of  hydrogen  dioxide  added,  and  a  small  layer  of  benzene 
be  carefully  poured  upon  the  liquid,  then  if  3  or  4  drops  of  a  solution  of  potassium 
dichromate  (1  in  300)  be  added  and  the  mixture  be  gently  shaken,  the  benzene  layer 
will  acquire  a  violet  color,  while  the  aqueous  layer  will  remain  yellow  (distinction 
from  other  alkaloids.  If  more  than  0.02  Gm.  be  used,  the  benzene  turns  blue,  and  the 
reaction  is  no  longer  characteristic). 

On  rubbing  together  equal  parts  of  Pilocarpine  Hydrochloride  and  mercurous 
chloride,  a  black  color  is  produced. 

Tests  for  Identity. — For  pilocarpine,  see  above.  For  chlorides, 
see  Part  V. 

Remarks. — The  color  produced  with  sulphuric  acid  and  potassium 
dichromate  is  quite  characteristic,  each  alkaloid  giving  a  different 
shade  with  the  combination.  In  the  case  of  pilocarpine  a  grass-green 
color  is  produced.  The  salts  of  pilocarpine,  like  the  drug  pilocarpus, 
are  valuable  sudorifics  and  sialagogues. 

Dose. — 10  milligrammes  (-j  grain). 

PiLOCARPiNiE   NITRAS.     Pilocarpine  Nitrate. 
C„H,eNjO,.HN03  =  269.20 

The  nitrate  P^OaOH.CuHigNjOJ  of  an  alkaloid  obtained  from  Pilocarpus. 
It  should  be  kept  in  well-stoppered,  amber-colored  vials. 

Colorless  or  white,  shining  crystals,  odorless,  and  having  a  faintly  bitter  taste; 
permanent  in  the  air.     It  contains  no  water  of  crystallization. 

Soluble  in  4  parts  of  water  and  in  60  parts  of  alcohol  at  25°  C.  (77°  F.);  soluble 
in  16  parts  of  alcohol  at  60°  C.  (140°  F.);  insoluble  in  ether  and  chloroform. 

It  melts  at  170.9°  C.  (339.7°  F.).  Upon  ignition,  it  is  quickly  consumed,  leaving 
no  residue. 

The  aqueous  solution  (1  in  100)  shows  an  acid  reaction  to  blue  litmus-paper. 

Sulphuric  acid  dissolves  Pilocarpine  Nitrate,  forming  a  colorless  solution,  and  on 
adding  a  fragment  of  potassium  dichromate,  a  bright  grass-green  color  is  produced. 

On  rubbing  together  equal  parts  of  the  salt  and  mercurous  chloride,  no  black 
color  is  produced  (distinction  from  pilocarpine  hydrochloride). 

Tests  for  Identity. — Physical  tests  given  above.  For  pilocarpine, 
see  the  hydrochloride.     For  nitrates,  details  in  Part  V. 

Impurities. — Pilocarpine  hydrochloride.  Details  above.  Other 
alkaloids.     See  the  hydrochloride. 

Medical  Properties. — Used  just  like  the  hydrochloride. 

Dose. — 10  milligrammes  {\  grain). 
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Nicotine. — Nicotine  was  isolated  from  tobacco  by  Posselt  in  1828.  Investiga- 
tions show  that  this  alkaloid  is  piperidyl-tetrahydro-methyl-pyrrol,  the  graphic 
formula  of  which  is  given  below.  The  structural  formula  was  worked  out  by  Pictet 
and  Crepieux  in  1895,  whose  work,  however,  did  not  lead  to  the  synthesis  of  the  al- 
kaloid, but  only  as  far  as  nicotyrin,  the  derivative  of  nicotine  shown  in  the  graphic 
formulas  given  below: 

Nicotinic  acid.  Nicotinic  acid  amide.  Amido-pyridine. 

CH  CH  CH 

/\  /%.  /% 

HC      C— COOH  HC      C— CONH,  HC      CNH^ 

II        I  »^  II        I  ^-^  II        |.  &-^ 

HC      CH  HC      CH  HC      CH 

\f  \/-  x/- 

N  N  N 

Nicotyrine.  Nicotine. 

XT  TT 

CH  C  NH  C  N— CH, 

/•\         /CH  =  CH,  X%         -/X  /%  /\ 

HC       C— N<  I  HC       C C      CH  HC       C CH   CH, 

II        I  \CH=(!:!H,  ©-».      II        I  II        II      ©^      II        I  II 

HC      CH  HC      CH  HC      CH  HC      CH 


\/  X/-  \^  H, 

N  N  N 

Sparteine. — The  structural  formula  of  this  alkaloid  is  supposed  to  be: 


C— CH, 


,c    a 


H  H 

C  C 

^        '     \  /     I     \ 

HoC       CH,  CH«  HnC       CH,  CH, 

H  .C       CH,  CH — CH, HC      CH,  CH, 

N  N 

SPARTEINE   SULPHAS.     Sparteine  Sulphate. 

C15HJ9N2.H2SO4  +  5HjO  =  419.26 

The  sulphate  [S02(OH)2.Ci5H2eN2  4-5H2O]  of  an  alkaloid  obtained  from  Scoparius. 
Sparteine  Sulphate  should  be  kept  in  well-stoppered,  amber-colored  vials. 

Colorless,  rhombohedral  crystals,  or  a  crystalline  powder;  odorless  and  having 
a  slightly  saline  and  somewhat  bitter  taste.  It  crystallizes  with  varying  amounts  of 
water  of  crystallization,  but  when  recrystallized  from  a  solution  in  diluted  alcohol  it 
contains  5  molecules  of  water. 

Soluble  in  1.1  parts  of  water  and  in  2.4  parts  of  alcohol  at  25°  C.  (77°  F.);  in- 
soluble in  ether  and  chloroform. 

When  heated  to  110°  C.  (230°  F.)  the  salt  loses  all  of  its  water  of  crystallization 
(21.3  per  cent.),  and  when  anhydrous,  melts  at  136°  C.  (276.8°  F.). 

It  is  hygroscopic,  and  its  aqueous  solution  has  an  acid  reaction  upon  blue  litmus- 
paper. 

If  25  Cc.  of  ether  be  added  to  about  0.1  Gm.  of  Sparteine  Sulphate  in  a  test-tube, 
followed  by  a  few  drops  of  diluted  ammonia  water,  avoiding  an  excess,  and  if  an 
ethereal  solution  of  iodine  (1  in  50)  be  afterward  added  until  the  liquid,  when  shaken, 
turns  from  an  orange  to  a  dark  reddish-brown  color,  the  bottom  and  sides  of  the  test- 
tube  will,  after  a  short  time,  be  coated  with  minute,  dark  greenish  brown  crystals. 

If  a  solution  of  potassium  ferrocyanide  (1  in  20)  be  added  to  a  solution  of  the 
salt,  a  yellow  precipitate  is  produced. 

Sulphuric  acid,  when  added  to  Sparteine  Sulphate,  should  not  become  colored 
(absence  of  sugar  and  other  readily  carbonizable  organic  impurities) . 

On  shaking  0.05  Gm.  of  Sparteine  Sulphate,  in  a  test-tube,  with  5  Cc.  of  potas- 
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sium  hydroxide  T.S.,  the  liquid  will  at  first  be  turbid,  and  small  drops  of  Sparteine 
will  gradually  collect  on  the  surface.  If  a  strip  of  moistened  red  litmus-paper  be 
suspended  in  the  mouth  of  the  test-tube,  and  a  gentle  heat  then  applied,  the  test 
paper  will  gradually  acquire  a  blue  color,  but  no  odor  of  ammonia  should  be  per- 
ceptible (absence  of  ammonium  salts). 

Tests  for  Identity. — For  sparteine,  given  above.  For  sulphates, 
details  in  Part  V. 

Impurities. — Sugar,    etc.;   ammonium   salts.     Details   above. 

Extraction. — The  drug  is  extracted  with  acidulated  water,  the  liquid  made  al- 
kaUne  with  sodium  hydroxide,  and  from  this  alkaline  liquid  the  alkaloid,  which  is 
volatile,  is  separated  oy  distillation.  It  is  purified  by  dissolving  in  diluted  hydro- 
chloric acid,  evaporated  to  dryness,  and  the  alkaloid  freed  by  treatment  with  potas- 
sium hydroxide  is  redistilled.  The  salts  are  made  from  the  alkaloid  by  treatment 
with  the  appropriate  acid. 

Remarks. — Sparteine  sulphate  is  a  valuable  diuretic. 
Dose. — 10  milligrammes  (}  grain). 

Group  II. — The  Atropine  Derivatives 

The  very  important  alkaloids  of  the  nightshade  families  are 
derivatives  of  tropine,  this  being  an  artificial  alkaloid  which  is  a 
decomposition  product  of  atropine,  and  since  its  structure  is  similar 
to  that  substance  from  which  it  is  derived,  chemists  consider  it  as 
the  base  upon  which  atropine  is  built. 

The  synthesis  of  tropine  is  shown  in  the  successive  series  of  graphic  formulas 
given  below: 


Dihydrobenzyl- 

dimethyl-amine. 

CHjNCCHg), 

HC      CH3  or 

nli    in 

\^ 
c 

H 

Tropidine  methyl 

ammonium  chloride. 

CH» — CH» 


H— CH=CH— CH 


CH. 


-N(CH3)3 
CI 


CH2— CH 

/  \ 

/  X 

CH— CH  =  CH  — CH 
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CH,— N(CH3)j 


Tropidine. 
H 
C 

H2C      CH    CHj 

I        II       i 
CH3— N      CH    CH, 
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Hydrochloride  of  methyl 

tropeine  chlorhydrate. 

CH,— CH, 


H— CH  =  CH  — CHCl 


CH,-N(CH3), 
CI  H 


CH,      CHj 
HOH  CH, 


It  will  be  seen  that  the  synthesis  starts  with  a  compouiid  consisting  of  a  benzene 
ring  with  a  side  chain  containing  an  amido  group,  and  terminates  with  a  ring  similar 
to  the  pyridine  structure,  with  a  carbon  chain  in  the  center.     The  tropine  ring  differs 
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from  the  pyridine  ring  in  the  position  of  the  nitrogen  atom.  Or,  to  express  it  dif- 
ferently, tne  tropin  formula  consists  of  a  pyridine  ring  with  the  carbon  chain  extend- 
ing diagonally  from  carbon  atom  3  to  carbon  atom  6. 

(1) 
C 


(6)C  C(2) 

\ 

c 

\ 
c 
\ 

(5)C  C(3) 

V 

(4) 

ATROPINA.    Atropine. 

Ci.H^jNOj  =  287.04 

An  alkaloid  obtained  from  Atropa  Belladonna  Linn^  (Fam.  Solanacece)  and  from 
other  plants  of  the  same  family.  As  it  occurs  in  commerce,  it  is  usually  accompanied 
by  a  small  amount  of  hyoscyamine,  from  which  it  cannot  be  readily  separated.  It 
should  be  kept  in  amber-colored,  well-stoppered  vials. 

White  rhombic  prisms,  more  or  less  elongated  in  the  direction  of  the  major  axis 
as  they  contain  more  or  less  hyoscyamine;  odorless;  possessing  a  bitter,  acrid  taste 
(it  shovld  he  tasted  with  the  utmost  caution  and  only  in  dilute  solution).  Atropine  shows 
an  alkaline  reaction  with  htmus,  phenolphthalein,  and  hematoxylin  T.S. 

Pure  Atropine  is  optically  inactive,  being  composed  of  Dextro- Atropine  (Dextro 
=  -f- 10.02°)  and  Laevo- Atropine  (Laevo  =  — 9.22°),  both  of  whose  melting-points  are 
are  111°C.  (231.8°  F.),  and  the  melting-point  of  whose  chloraurates  are  both  146°  C. 
(294.8°  F.).  The  chloraurate  may  be  made  by  adding  gold  chloride  T.S.  to  a  solution  of 
Atropine  in  diluted  hydrochloric  acid,  washing,  collecting,  and  drying  the  precipi- 
tate. 

Pure  atropine  chloraurate  melts  at  136°  C.  (276.8°  F.). 

Pure  hyoscyamine  chloraurate  melts  at  160°  C.  (320°  F.). 

Pure  hyoscine  chloraurate  melts  at  197°  C.  (386.6°  F.).  Atropine  chloraurate 
alone  melts  under  boiling  water. 

At  about  113.8°  C.  (237°  F.)  Atropine  melts,  forming  a  colorless  liquid;  the 
melting-point  of  Atropine  free  from  hyoscyamine  is  about  115.8°  C.  (240.4°  F.). 
When  ignited  it  is  consumed  without  leaving  a  residue. 

Soluble  in  450  parts  of  water,  1.46  parts  of  alcohol,  16.6  parts  of  ether,  and  1.56 
parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  86.7  parts  of  water  at  80°  C.  (176° 
F.)  and  in  0.9  part  of  alcohol  at  60°  C.  (140°  F.). 

On  adding  sulphuric  acid  to  Atropine,  no  color  should  be  produced  (absence  of 
readily  carbonizable  organic  impurities),  nor  should  any  color  be  developed  upon  the 
subsequent  addition  of  nitric  acid  (absence  of,  and  difference  from,  morphine). 

In  a  solution  of  Atropine  in  hydrochloric  acid,  platinic  chloride  T.S.  produces 
no  precipitate  (difference  from  most  other  alkaloids).  Gold  chloride  T.S.  yields  a 
yellow,  lustreless  precipitate  in  such  a  solution. 

If  a  few  crystals  of  Atropine  be  placed  in  a  porcelain  dish  on  a  water-bath  with 
a  few  drops  of  nitric  acid,  and  heated  to  dryness,  a  yellow  residue  will  be  produced; 
if  on  cooling  a  few  drops  of  alcoholic  potassium  hydroxide  T.S.  and  a  fragment  of 
potassium  hydroxide  be  added,  an  intense  violet  color  is  produced;  hyoscyamine 
and  hyoscine  wiU  produce  the  same  color,  but  the  presence  of  strychnine  masks  the 
reaction. 

If  a  crystal  of  Atropine  be  added  to  a  few  drops  of  sulphuric  acid  containing 
1  drop  of  creosol,  a  pink  color  should  be  produced,  which  is  not  dissipated  by  the 
addition  of  0.5  Gm.  of  hydrated  chloral  (distinction  from  other  alkaloids,  hyoscyamine 
producing  a  brown  color  and  strychnine  a  black,  hyoscine  remaining  colorless). 

If  a  small  quantity  of  Atropine,  or  one  of  its  salts,  be  heated  with  a  few  Cc.  of 
sulphuric  acid,  a  peculiar  odor,  recalling  that  of  a  mixture  of  rose,  orange  flower, 
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and  melilot,  will  become  noticeable.     The  addition  of  a  few  fragments  of  potassium 
dichromate  will  change  this  odor  to  that  of  bitter  almond. 

Tests  for  Identity. — Given  above. 

Impurities. — Carbonizable  organic  matter,  morphine,  other  alka- 
loids.    Details  above. 

Extraction. — The  alcoholic  percolate  fnom  belladonna  is  made  alkaline  by  treat- 
ment with  milk  of  lime  and  then  filtered.  The  filtrate  (a  solution  of  free  alkaloid) 
is  acidulated  with  diluted  sulphuric  acid,  freed  from  fat  and  resin  by  evaporation  of  the 
alcohol,  and  taking  up  with  acidulated  water.  The  acidulated  aqueous  filtrate  is 
then  treated  with  alkali,  and  the  free  alkaloid  thus  precipitated  is  washed  with  water, 
dissolved  in  alcohol,  and  crystallized  from  this  solution  by  addition  of  a  httle  water. 

Remarks. — Atropine  is  a  tropine  tropate,  and  can  be  made  by 

treating  tropine  with  tropic  acid  in  the  presence  of  hydrochloric  acid. 

CH,OH 

.  .  I 

Tropic   acid   is   phenyl-hydracrylic   acid,  C^Hs— CH        and  when  it  is 

COOH, 
combined    with    tropine,    the    product    of    the    union — atropine — is 
assumed  to  have  the  following  formula: 

H 
C 

/|\ 

/N      CH    CH» 

H    COO 
CeHj — CH 


i 


HjOH. 

It  will  be  noticed  from  the  reactions  given  above  that  potassium 
dichromate  and  sulphuric  acid  give  with  atropine  not  only  a  green 
color,  but  also  a  benzoic-like  odor.  Vitali's  reaction  for  atropine  is 
interesting.  When  the  alkaloid  is  treated  with  fuming  nitric  acid 
and  evaporated  to  dryness,  and  a  drop  of  potassium  hydroxide  be 
added  to  the  dry  residue,  it  will  give  a  violet-blue  color,  and  if  the 
residue  is  again  covered  with  alcohol,  the  isonitril  odor  (p.  642)  is 
evolved. 

Atropine  is  a  sedative  and  mydriatic. 

Dose. — ^  milligramme  (  y^  grain). 

ATROPINE   SULPHAS.     Atropine  Sulphate. 

(C„H,3N03)2.H,SO,  =  671.43 

The  sulphate  [S02(OH)j.(Ci7H23N03)2]  of  an  alkaloid  obtained  from  Atropa 
Belladonna  Linn6  (Fam.  Solanacece),  and  from  other  plants  of  the  same  family.  As 
it  occurs  in  commerce,  it  usually  contains  small  a  amount  of  hyoscyamine  sulphate, 
from  which  it  cannot  be  readily  separated. 
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A  white  crystalline  powder  or  microscopical  needles  and  prisms  (the  form  of 
the  latter  being  probably  due  to  the  hyoscyamine  present);  odorless,  having  a  very 
bitter,  nauseating  taste,  and  permanent  in  the  air.  It  should  be  tasted  with  the  utmost 
caution  and  only  in  dilute  solution. 

Soluble  in  0.38  part  of  water,  3.7  parts  of  alcohol,  2140  parts  of  ether,  and  in  620 
parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  0.22  part  of  water  at  80°  C.  (176° 
F.)  and  in  1.9  parts  of  alcohol  at  60°  C.  (140°  F.). 

At  about  189.9°  C.  (373.5°  F.)  Atropine  Sulphate  melts;  when  free  from  hyos- 
cyamine it  melts  at  about  188°  C.  (370.4°  F.).  When  ignited  it  chars,  emits  acrid 
vapors,  and  is  rapidly  and  completely  consumed. 

On  adding  potassium  hydroxide  T.S.  to  a  solution  of  Atropine  Sulphate,  a 
white  precipitate  of  atropine  is  obtained,  which  should  respond  to  the  reactions  and 
tests  given  under  Atropina. 

Tests  for  Identity. — Given  above. 

Remarks. — Atropine    sulphate,     being    more    soluble    than    the 
uncombined  alkaloid,  is  generally  used  instead  of  the  latter. 
Dose. — ^  milligramme  (y^  grain). 

HOMATROPIN^  HYDROBROMIDUM.   Homatropine  Hydorbromide. 

CisH^iNOj.HBr  =  353.49 

The  hydrobromide  [HBr.CieHjiNOg]  of  an  alkaloid  obtained  by  the  condensation 
of  tropine  and  mandelic  acid.  It  should  be  kept  in  well-stoppered  vials,  protected 
from  light. 

A  white,  odorless,  crystalline  powder,  or  rhombic  prisms,  having  a  bitter  taste. 

Soluble  in  5.7  parts  of  water,  32.5  parts  of  alcohol,  and  in  620  parts  of  chloro- 
form at  25°  C.  (77°  F.);  soluble  in  8.7  parts  of  alcohol  at  60°  C.  (140°  F.);  insoluble 
in  ether. 

At  213.8°  C.  (417°  F.)  it  melts.     It  leaves  no  residue  upon  incineration. 

Its  aqueous  solution  is  neutral  to  litmus-paper,  and  is  not  precipitated  by  tannic 
acid  T.S.  or  platinic  chloride  T.S.     It  contains  no  water  of  crystallization. 

If  2  Cc.  of  chloroform  be  shaken  with  1  Cc.  of  an  aqueous  solution  of  the  salt  (1  in 
10)  to  which  a  few  drops  of  chlorine  water  have  been  cautiously  added,  the  chloroform 
should  assume  a  brownish  color. 

Iodine  T.S.,  when  added  to  solutions  of  Homatropine  Hydrobromide,  produces 
a  brown  precipitate;  silver  nitrate  T.S.,  a  creamy  white  precipitate. 

If  to  an  aqueous  solution  containing  0.1  Gm.  of  the  salt  an  excess  of  potassium 
hydroxide  T.S.  be  added,  this  liquid  shaken  out  with  ether,  and  the  ether  allowed 
to  evaporate  spontaneously,  the  crystals  which  form  should  have  a  melting-point 
of  96°  C.  (204.8°  F.). 

If  1  Cc.  of  an  aqueous  solution  of  the  salt  (1  in  100)  be  made  alkaline  with  am- 
monia water,  shaken  out  with  chloroform,  and  the  chloroformic  solution  evaporated 
to  dryness,  the  residue  should  turn  yellow  and  finally  brick-red  when  warmed  with 
about  1.5  Cc.  of  a  solution  made  by  dissolving  1  part  of  mercuric  chloride  in  50  parts 
of  a  mixture  of  alcohol  5  volumes  and  water  3  volumes  (absence  of  most  other  al- 
kaloids except  atropine  and  hyoscyamine). 

If  sulphuric  acid  containing  a  trace  of  potassium  dichromate  be  added  to  a  crystal 
of  the  salt,  an  evanescent  pink  color  will  be  produced,  which  changes  rapidly  to  green. 

If  0.01  Gm.  of  the  salt  be  added  to  5  drops  of  nitric  acid,  and  evaporated  to  dry- 
ness in  a  porcelain  dish,  the  residue  should  not  acquire  a  violet  color  upon  the  addition 
of  a  few  drops  of  alcoholic  potassium  hydroxide  T.S.  (absence  of  atropine,  hyoscya- 
mine, or  hyoscine). 

Tests  for  Identity. — Given  above. 

Impurities. — Other  alkaloids,  atropine,  hyoscyamine,  and  hyoscine. 
Details  above. 

Remarks. — Homatropine  is  an  artificial  alkaloid  made  by  the 
condensation  of  tropine  and  mandelic  acid.  It  is  phenyl-glycocoU- 
tropin. 
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Its  action  is  similar  to  atropine,  but  is  less  poisonous.  As  a 
mydriatic — a  dilator  of  the  pupil  of  the  eye — it  is  preferable  to 
atropine,  because  it  works  more  rapidly. 

Dose. — ^  milligramme  (yts  grain). 

Hyoscyamine. — Hyoscyamine,  as  the  formula  C17H23NO3  shows, 
is  isomeric  with  atropine,  and  when  either  atropine  or  hyoscyamine  is 
treated  with  weak  baryta  water,  both  split  into  tropic  acid  and  tropine. 
When  it  is  said  that  hyoscyamine  and  atropine  are  isomeric,  it  must 
not  be  understood  that  the  two  are  identical,  for  we  have  already 
learned,  when  considering  tartaric  acids  (p.  684),  that  there  may  be 
many  chemicals  having  similar  formula,  but  different  characteristics. 

Recent  investigations  show  that  atropine  (which  is  optically  inac- 
tive) consists  of  the  official  hyoscyamine  (which  is  Isevogyre)  and 
a  dextrogyrate  alkaloid  isomeric  with  hyoscyamine. 

Extraction. — Hyoscyamine  is  extracted  either  from  the  mother  liquor  left  after 
atropine  crystallization  or  from  hyoscyamus  seeds  freed  from  fat  by  percolation  with 
petroleum  ether.  The  fat-free  seeds  are  extracted  with  85  per  cent,  alcohol  acidu- 
lated with  hydrochloric  acid,  the  alcohol  evaporated  from  percolate  in  vacuo,  and 
the  watery  residue  again  treated  with  petroleum  ether  to  remove  fat  and  color.  The 
liquid  is  then  made  alkaline  with  potassium  carbonate  and  shaken  out  with  chloro- 
form. The  chloroformic  solution  is  then  evaporated  at  low  temperature,  and  the 
crude  alkaloid  that  remains  is  purified  by  crystallization  from  diluted  sulphuric  acid 
solution.  From  this  crystalline  sulphate  the  alkaloid  can  be  obtained  by  making 
its  aqueous  solution  alkaline,  shaking  out  with  chloroform,  and  evaporating  the  chlor- 
oformic solution. 

The  pharmacopcBia  provides  in  the  gold  chloride  test  the  method 
of  distinguishing  the  hyoscyamine  from  atropine.  Hyoscyamine, 
like  atropine,  is  not  precipitated  by  platinic  chloride  test  solution, 
as  are  most  of  the  alkaloids.  Free  hyoscyamine  is  not  official,  but  its 
hydrobromide  and  sulphate  are. 

HYOSCYAMINiE  HYDROBROMIDUM.  Hyoscyamine  Hydrobromide. 

Ci.HjjNOj.HBr  =  367.40 
[Hyoscyamine  Hydrobromas,  Pharm.  1890] 

The  hydrobromide  [HBr.C^HjsNOaJ  of  an  alkaloid  obtained  from  Hyoscyamus 
and  other  plants  of  the  Solanaceoe.  It  should  be  kept  in  amber-colored,  well-stoppered 
vials. 

White,  prismatic  crystals,  or  a  yellowish,  amorphous,  resin-like  mass,  haying, 
particularly  when  damp,  a  tobacco-like  odor,  and  an  acrid,  nauseous,  and  bitter 
taste;  deliquescent  on  exposure  to  the  air. 

Very  soluble  in  water;  soluble  in  2  parts  of  alcohol,  1600  parts  of  ether,  and  in 
2.5  parts  of  chloroform  at  25°  C.  (77°  F.). 
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Its  aqueous  solution  is  neutral  to  litmus-paper  and  is  strongly  Isevogyrate. 

It  melts  at  151.8°  C.  (305.3°  F.).     It  leaves  no  residue  on  incineration. 

Gold  chloride  T.S.,  when  added  to  a  solution  of  the  salt,  yields  a  precipitate 
which,  when  recrystallized  from  a  small  quantity  of  boiling  water  acidulated  with 
hydrochloric  acid,  is  deposited,  on  cooling,  in  minute,  lustrous,  golden-yellow  scales 
(difference  from  atropine). 

Tests  for  Identity. — Physical  tests  given  above. 

Melting-point  of  chloraurate.  See  Atropine.  Melting-point  of 
atropine  pier  ate,  175°  C.  Melting-point  of  hyoscy  amine  picrate, 
162°  C.     Tests  for  bromide.     Details  in  Part  V. 

Color  test  with  nitric  acid  and  alcoholic  potassa.     See  Atropine. 

Impurities. — Atropine.  Details  above.  Other  alkaloids,  carbon- 
izable  matter,  and  morphine.     For  details  see  Atropine. 

Extraction. — See  under  Hyoscyamine. 

Remarks. — This  salt  has  an  effect  similar  to  atropine. 

Dose. — i  milligramme  (y^-g-  grain). 

HYOSCYAMINiE   SULPHAS.    Hyoscyamine  Sulphate. 

(C„H,3N03),.H,SO,  =  671.43 

The  neutral  sulphate  [S02(OH)2.(CijH23N03)2]  of  an  alkaloid  obtained  from 
Hyoscyamus  and  other  plants  of  the  Solanacece.  It  should  be  kept  in  amber-colored, 
weU-stoppered  vials. 

White,  indistinct  crystals,  or  a  white  powder;  odorless,  having  a  bitter,  acrid 
taste;  deliquescent  when  exposed  to  the  air. 

Very  soluble  in  water;  soluble  in  6.4  parts  of  alcohol,  2500  parts  of  ether,  and  in 
2300  parts  of  chloroform  at  25°  C.  (77°  F.). 

Its  aqueous  solution  is  Isevogyrate  and  neutral  to  litmus-paper. 

It  melts  at  198.9°  C.  (390.1°  F.).  Upon  ignition  it  is  rapidly  consumed  without 
residue. 

Tests  for  Identity. — Physical  tests.  Given  above.  Tests  for 
hyoscyamine.  Details  under  the  Hydrobromide.  Test  for  sulphates. 
Details  in  Part  V. 

Impurities. — Same  as  those  mentioned  under  the  Hydrobromide. 

Remarks. — The  sulphate  is  used  just  as  is  the  hydrobromide. 

Dose. — i  milligramme  (j^-g  grain). 

Hyoscine. — This  alkaloid  has  the  formula  CiyHgiNO^,  and  is 
isomeric  with  scopolamine  (p.  889).  Ten  years  since  there  was  much 
controversy  relative  to  the  composition  of  hyoscine,  some  authorities 
claiming  it  was  isomeric  with  atropine  and  hyoscyamine. 

Hyoscine  is  made  from  the  mother  liquor  remaining  after  removal 
of  hyoscyamine  from  the  seed  of  hyoscyamus  or  stramonium,  by 
treating  same  with  hydrobromic  acid,  and  crystallizing  the  resultant 
hydrobromide. 

The  crude  salt  is  purified  by  formation  of  the  double  chloride  of 
the  alkaloid  and  gold,  and  eventual  separation  of  the  gold  by  use  of 
hydrogen  sulphide. 

HYOSCINiE   HYDROBROMIDUM.     Hyoscine  Hydrobromide. 

C„H2iN0,.HBr  -1-  3H2O  =  434.92 

[HYOsciNiE  Hydrgbromas,  Pharm.  1890] 

The  hydrobromide  [HBr.C^HjiNO^ -f- 3H2O]  of  an  alkaloid,  chemically  identical 
with  scopolamine,  obtained  from  Hyoscyamus  and  other  plants  of  the  Solanacece. 
It  should  be  kept  in  well-stoppered,  amber-colored  vials. 
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Colorless,  transparent,  rhombic  crystals,  sometimes  of  large  size,  odorless,  having 
an  acrid,  slightly  bitter  taste;  slightly  efflorescent. 

Soluble  in  1.5  parts  of  water,  16  parts  of  alcohol,  and  in  750  parts  of  chloroform 
at  25°  C.  (77°  F.);  soluble  in  1.33  parts  of  alcohol  at  60°  C.  (140°  F.);  insoluble  in 
ether. 

Its  aqueous  solution  shows  a  slightly  acid  reaction  to  blue  litmus-paper. 

Hyoscine  Hydrobromide,  when  heated,  softens  at  about  100°  C.  (212°  F.);  it 
first  melts  and  tnen  loses  its  water  of  crystallization  at  110°  C.  (230°  F.).  If  dried 
over  sulphuric  acid  until  deprived  of  its  water  of  crystallization,  it  melts  at  179.7° 
C.  (355.5°  F.).     When  ignited  it  leaves  no  residue. 

If  0.01  Gm.  of  the  salt  be  added  to  5  drops  of  nitric  acid,  and  evaporated  to  dry- 
ness in  a  porcelain  dish,  the  residue  should  yield  a  violet  color  upon  the  addition  of 
alcoholic  potassium  hydroxide  T.S. 

Mercuric  potassium  iodide  T.S.,  in  aqueous  solutions  of  the  salt  acidified  with 
hydrochloric  acid,  yields  a  yeUowish-white  precipitate. 

Mercuric  chloride  T.S.  and  solution  of  phosphotungstic  acid  give  a  white  pre- 
cipitate when  added  to  an  aqueous  solution  of  the  salt. 

Picric  acid  T.S.  and  platinic  chloride  T.S.  yield  yellow  precipitates  when  added  to 
a  concentrated  solution  of  the  salt. 

Tests  for  Identity. — Physical  tests,  given  above.  Melting-point  of 
the  chloraurate.  See  Atropine.  Tests  for  hyoscine.  Given  above. 
Tests  for  bromide.     Details  in  Part  V. 

Impurities. — Carbonizable  matter  and  morphine.  For  details, 
see  Atropine. 

Uses. — Similar  to  hyoscyamine. 

Dose. — ^  milligramme  (  y^^  grain). 

SCOPOLAMINE   HYDROBROMIDUM.     Scopolamine  Hydrobromide. 

C„H2iN0,.HBr  +  SH^O  =  434.92 

The  hydrobromide  [HBr.Ci7H2,NO^  +  3H20]  of  an  alkaloid  obtained  from  plants 
of  the  Solanacece;  chemically  identical  with  Hyoscine  Hydrobromide  (see  Hyosdnoe 
Hydrobromidum) . 

Remarks. — As  mentioned  in  the  official  definition,  this  body  is 
identical  with  hyoscine  hydrobromide. 
Dose. — ^  milligramme  (y^s-  grain). 

COCAINA.     Cocaine. 

Ci.HjiNOi  =  300.92 

An  alkaloid  [C8Hj3(C,H5CO)NO.COOCH3j  obtained  from  several  varieties  of 
Coca. 

Large,  colorless,  four-sided  or  six-sided  monoclinic  prisms,  having  a  slightly 
bitter  taste,  and  producing  on  the  tongue  a  temporary  numbness. 

Soluble  in  600  parts  of  water,  5  parts  of  alcohol,  and  in  3.8  parts  of  ether  at  25°  C. 
(77°  F.);  very  soluble  in  chloroform  and  warm  alcohol;  soluble  in  260  parts  of  water 
at  80°  C.  (176°  F.);  soluble  in  benzene,  carbon  disulphide,  ethyl  acetate,  in  about  14 
parts  of  oil  of  turpentine,  and  in  about  12  parts  of  olive  oil;  insoluble  in  glycerin. 

It  melts  at  98°  C.  (208.4°  F.),  and  should  leave  no  residue  on  i^ition. 

If  an  alcoholic  solution  of  Cocaine  be  carefully  neutralized  with  hydrochloric 
acid,  and  the  solution  evaporated  to  dryness,  the  residue  should  respond  to  the  reac- 
tions and  tests  given  under  Cocaince  Hydrochloridum. 

Tests  for  Identity. — Given  above. 

Extraction. — Coca  leaves  are  extracted  with  5  per  cent,  sulphuric  acid,  the  per- 
colate concentrated,  made  alkaline  with  sodium  carbonate,  and  snaken  out  with  kero- 
sene. The  kerosene  solution  is  shaken  with  acidulated  water,  alkaloid  precipitated 
from  the  aqueous  liquid  by  addition  of  sodium  carbonate,  and  the  freed  alkaloid 
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obtained  by  evaporation  of  the  ethereal  solution  is  purified  by  again  dissolving  in 
acidulated  water,  precipitation  with  alkali,  and  recrystallization  from  alcohol  or 
ether. 

Remarks. — This  important  alkaloid,  which  was  first  isolated  from 
coca-leaves  by  Gaedeke  in  1855,  is  now  known  to  be  benzoyl-methyl- 
ecgonine,  the  ecgonine  being  a  carbonic  acid  derivative  of  tropine, 
a  comparison  of  the  formulas  of  the  two  substances,  ecgonine  and 
cocaine,  being  given  below: 

Ecgonine. 

H  Cocaine. 

C  H 

y\  C 

x^       \  /  i  \ 

HjC         CHj      CHa  HjC      CH2  CH^ 

CH3N  CHOHCH,  CH,N      CH   CH, 


\ 


C 


OCOC.H, 


c    c 


I  COOCH3. 

(^OOH. 

Dose. — 30  milligrammes  (^  grain).  Used  in  Oleate  of  Cocaine 
(p.  211). 

COCAINE   HYDROCHLORIDUM.     Cocaine  Hydrochloride. 

C„H2iN0,.HCl  =  337.10 
[CocAiNiE  Hydrochloras,  Pharm.   1890] 

The  neutral  hydrochloride  [HCl.C8Hi3(CeH5CO)NO.COOCH3j  of  an  alkaloid  ob- 
tained from  several  varieties  of  Coca. 

Colorless,  transparent  monoclinic  prisms,  flaky,  lustrous  leaflets,  or  a  white  crys- 
talline powder;  permanent  in  the  air,  containing  no  water  of  crystallization;  odorless; 
of  a  saline,  slightly  bitter  taste,  and  producing  on  the  tongue  a  tingling  sensation 
followed  by  numbness  of  several  minutes'  duration. 

Soluble  in  0.4  part  of  water,  2.6  parts  of  alcohol,  and  in  18.5  parts  of  chloroform 
at  25°  C.  (77°  F.);  soluble  in  0.1  part  of  water  at  80°  C.  (176°  F.),  and  in  1.4  part 
of  alcohol  at  60°  C.  (140°  F.);  insoluble  in  benzene,  petroleum  benzin,  and  ether. 

It  melts  at  about  189.9°  C.  (373.8°  F.).  Minute  quantities  of  impurities  may 
reduce  the  melting-point  to  180°  C.  (356°  F.)  or  less.  It  leaves  no  residue  on  in- 
cineration. 

Its  aqueous  solution  is  neutral  to  litmus-paper  and  is  Isevogyrate. 

On  adding  5  drops  of  a  solution  of  chromium  trioxide  (1  in  20)  to  5  Cc.  of  a  solu- 
tion of  Cocaine  Hydrochloride  (1  in  50),  a  yellow  precipitate  will  be  produced, 
which  redissolves  on  shaking;  on  now  adding  1  Cc.  of  hydrochloric  acid,  a  permanent 
orange-colored,  crystalline  precipitate  will  be  formed. 

On  adding  a  solution  of  potassium  chromate  (1  in  20)  to  a  hydrochloric  acid  solu- 
tion of  the  salt,  orange-yellow  leaflets  of  cocaine  chromate  are  precipitated. 

If  mercuric  chloride  T.S.  be  added  to  an  aqueous  solution  of  the  salt,  a  white 
flocculent  precipitate  is  produced. 

Cocaine  Hydrochloride  is  not  colored  by  cold  sulphuric  acid,  but  if  a  crystal  be 
heated  with  sulphuric  acid,  in  a  test-tube,  vapors  are  produced,  from  which,  benzoic 
acid  is  deposited  on  cooling. 

If  three  drops  of  palladous  chloride  T.S.,  with  3  Cc.  of  chlorine  water,  be  added 
to  3  drops  of  an  aqueous  solution  of  the  salt  (1  in  20),  a  red  precipitate  is  produced. 

When  0.01  Gm.  of  the  salt  is  dissolved  in  2  drops  of  water,  the  addition  of  1  Cc. 
of  a  solution  of  potassium  permanganate  (1  in  30)  produces  a  violet  precipitate,  which 
appears  brownish-violet  when  collected  on  a  filter. 
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A  crystal  of  the  salt  dissolved  in  alcohol  yields,  when  stirred  with  a  piece  of  potas- 
sium hydroxide,  an  odor  of  ethyl  benzoate. 

If  0.1  Gm.  of  the  salt  be  dissolved  in  5  Co.  of  distilled  water  containing  3  drops 
of  diluted  sulphuric  acid,  the  addition  to  this  solution  of  3  drops  of  tenth-normal 
potassium  permanganate  V.S.  will  produce  a  violet  polor,  which  should  not  fade  in 
naif  an  hour  (limit  of  cinnamyl-cocaine) . 

If  0.1  Gm.  of  the  salt  be  dissolved  in  85  Cc.  of  cold  distilled  water,  in  a  beaker, 
and  4  drops  of  ammonia  water  added,  and  the  solution  stirred  vigorously  for  fifteen 
minutes,  with  occasional  rubbing  of  the  sides  of  the  beaker  with  a  stirring  rod,  a 
crystalline  precipitate  of  cocaine  should  be  formed,  and  the  supernatant  liquid  should 
be  perfectly  clear  (limit  of  isatropyl-cocaine) .  The  presence  of  0.5  per  cent,  of  isa- 
tropyl-cocaine  will  prevent  the  formation  of  nearly  all  of  the  precipitate,  and  will 
cause  the  supernatant  liquid  to  be  opalescent. 

Tests  for  Identity. — Physical  tests.  Given  above.  Tests  for 
cocaine.     Given  above.     Tests  for  chloride.     Details  in  Part  V. 

Impurities. — Cinnamyl  cocaine  and  isoatropyl  cocaine.  Details 
above. 

Remarks. — This  soluble  salt  of  cocaine  is  the  one  generally  used 
whenever  cocaine  is  indicated. 

While  cocaine  was  isolated  as  far  back  as  1855,  the  use  of  the 
alkaloid  dates  from  the  last  twenty  years,  a  demand  for  the  product 
not  being  started  until  local  anesthetic  action  of  cocaine  had  become 
known  in  1884.  When  small  quantities  of  cocaine  are  rubbed  on  the 
surface  or  injected  beneath  the  skin,  a  benumbing  of  the  nerves  in 
that  immediate  neighborhood  results,  and  so  thorough  is  this  insensi- 
bility that  operations  can  be  performed  without  pain  where  great 
agony  would  be  produced  were  the  parts  not  cocainized.  On  account 
of  this  valuable  action  of  cocaine  its  use  in  all  minor  surgical  operations 
spread  widely,  particularly  in  dentistry  and  operations  on  the  nose 
and  throat.  From  its  original  legitimate  purpose  cocaine  has  been 
prostituted  into  producing  a  sedative  action  in  cases  where  wholly 
unnecessary.  This  is  particularly  true  of  catarrh  powders,  and  it  is 
through  the  use  of  such  catarrh  powders  containing  cocaine  that 
the  abuse  of  the  drug  increased  throughout  the  country,  until  it  has 
now  become  one  of  our  national  perils.  It  behooves  the  conscientious 
pharmacist,  therefore,  to  do  all  in  his  power  to  stem  this  tide  of 
cocaine  abuse,  for  there  are  few  drugs  which  act  in  a  more  rapidly 
degrading  way  than  does  cocaine. 

Dose. — 30  milligrammes  (^  grain). 

Eucaine  or  beta-eucaine  is  a  synthetic  alkaloid,  the  hydrochloride  of  trimethyl- 
benzoyl-hydroxypiperidine. 

It  is  made  by  treating  diacetonamine — (a)  with  paraldehyde,  the  product  re- 
duced by  use  of  metallic  sodium  to  vinyl-di-acetone-alkamine  (b),  and  this  treated 
with  benzoyl  chloride,  whereupon  the  free  base  eucaine  (c)  results. 


(a) 
Diacetonamine. 
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It  will  be  seen  that  eucaine  has  no  chemical  connection  with  cocaine,  but,  being 
used  like  it,  is  considered  at  this  place.  It  is  claimed  that  eucaine  is  an  efficient  local 
anesthetic,  and  that  it  does  not  produce  a  debasing  habit,  as  does  cocaine.  Eucaine 
possesses  the  advantage  over  cocaine  that  it  is  stable  and  its  solutions  can  be  boiled, 
thus  permitting  sterilization.  Cocaine  when  heated  to  the  temperature  of  sterilization 
(110°  C.)  is  apt  to  decompose. 

Dose. — Used  only  externally  as  local  anesthetic. 

Alpha-eucaine. — The  hydrochloride  of  benzoyl-methyl-tetra-methyl-oxypi- 
peridine-carboxylic-methyl-ester  is  used  hke  beta-eucaine. 

Group  III. — Quinoline  Derivatives 

Quinoline  itself  has  already  been  discussed  on  p.  875,  where  the 
structural  formula  is  fully  explained,  and  here  reference  need  only 
be  made  to  the  alkaloid  derivatives  of  this  base. 

Cinchonine  (CgHgN — C9H12OHNCH3). — Cinchonine  is  one  of  the 
three  official  alkaloids  obtained  from  the  cinchona  bark.  Of  the 
species  of  cinchona  yielding  more  or  less  of  this  alkaloid,  it  is  found 
most  abundantly  in  Huanuco  cinchona.  The  structure  of  cinchonine 
has  been  studied  from  the  decomposition  products,  and  is  supposed 
to  be  either — 
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N 
the  quinoline  base  being  attached  to  a  complex  piperidine  derivative. 

CINCHONINJE   SULPHAS.     Cinchonine  Sulphate. 

(C,9H3,N20),.H,SO,  +  2H,0  =  717.17 

The  neutral  sulphate  [S02(OH)2.(C,9H22N20)2  +  2H20]  of  an  alkaloid  obtained 
from  the  bark  of  several  species  of  Cinchona. 

White,  hard,  lustrous,  prismatic  crystals;  odorless,  permanent  in  the  air,  and 
having  a  bitter  taste.  At  100°  C.  (212°  F.)  it  loses  its  water  of  crystallization.  If 
crystallized  from  water  it  will  contain  two,  and  if  from  alcohol,  one,  molecule  of  water 
of  crystallization.     Its  aqueous  solution  should  not  show  fluorescence. 

Soluble  in  58  parts  of  water,  10  parts  of  alcohol,  2300  parts  of  ether,  and  in  69 
parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  32  parts  of  water  at  80° C.  (176°  F.) 
and  in  5.2  parts  of  alcohol  at  60°  C.  (140°  F.). 

It  melts  at  198.5°  C.  (389.5°  F.)  and  leaves  no  residue  on  incineration. 

Its  aqueous  solution  is  neutral  to  litmus-paper  and  is  dextrogyrate. 
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One  Gm.  of  the  salt  dried  to  constant  weight  at  100"  C.  (212°  F.)  should  weigh 
not  less  than  0.95  Gm.  (absence  of  an  undue  amount  of  water). 

A  solution  of  the  salt  (1  in  1000)  in  diluted  sulphuric  acid  should  not  exhibit 
more  than  a  faint  blue  fluorescence  (limit  of  quinine  or  quinidine  sulphates). 

If  1  part  of  the  powdered  salt  be  macerated  with  frequent  agitation  in  80  parts 
of  chloroform,  at  ordinary  temperatures,  it  should  be  wholly,  or  almost  wholly, 
dissolved  (limit  of  quinine  or  dnchonidine  sulphates). 

Tests  for  Identity. — Cinchonine.  See  above.  Sulphates.  Details 
in  Part  V. 

Impurities. — Excess  water,  quinine,  quinidine,  cinchonidine. 
Details  above.     Carbonizable  matter — see  Atropine. 

Extraction. — Obtained  from  the  mother  liquor  after  the  extraction 
of  quinine  (p.  896)  and  after  the  quinidine  and  cinchonidine  have 
been  removed  by  treatment  explained  on  p.  900.  The  liquid  freed 
from  these  three  alkaloids  is  treated  with  soda,  when  the  cinchonine 
precipitates  as  a  resinous  mass.  This,  on  solution,  in  diluted  sul- 
phuric acid  and  purification  by  repeated  crystallizations,  yields  cin- 
chonine sulphate,  which  on  treatment  with  alkali  gives  the  free  alka- 
loid. 

Remarks. — Of  the  reactions  for  cinchonine,  the  only  one  calling 
for  special  attention  is  the  interesting  fact  that,  differing  from  quinine 
and  cinchonine,  it  does  not  give  a  blue  fluorescence  in  acid  solutions. 
Cinchonine  is  used  as  an  antipyretic — to  reduce  fevers — and  as  a 
remedy  for  malaria. 

Dose. — 250  milligrammes  (4  grains). 

QUININA.     Quinine. 
CjoH^^NA  +  SHjO  =  375.46 

An  alkaloid  obtained  from  the  bark  of  various  species  of  Cinchona  (Fam.  Rubia- 
cece).     Quinine  should  be  kept  in  well-stoppered,  amber-colored  bottles. 

A  white,  flaky  or  micro-crystalline  powder,  odorless,  having  a  bitter  taste,  and 
slightly  efflorescent  in  dry  air.  Quinine,  when  freshly  crystallized,  should  contain 
three  molecules  of  water  of  crystallization.  When  heated,  it  fuses  at  57°  C.  (134.6° 
F.),  and  loses  two  molecules  of  water  of  crystallization  at  100°  C.  (212°  F.),  and  the 
third  molecule  at  125°  C.  (257°  F.);  at  ordinary  temperatures  the  loss  is  gradual. 

Quinine  free  from  water  is  soluble  in  1750  parts  of  water,  0.6  part  of  alcohol,  4.5 
parts  of  ether,  1.9  part  of  chloroform,  158  parts  of  glycerin,  120  parts  of  benzene, 
3450  parts  of  a  solution  of  potassium  hydroxide  (1  in  20),  and  in  1810  parts  of  am- 
monia water  at  25°  C.  (77°  F.).  It  is  soluble  in  810  parts  of  water  at  80°  C.  (176° 
F.). 

Quinine  containing  three  molecules  of  water  is  soluble  in  1550  parts  of  water, 
0.6  part  of  alcohol,  1.3  part  of  ether,  1.6  parts  of  chloroform,  212  parts  of  glycerin, 
166  parts  of  benzene,  3450  parts  of  a  solution  of  potassium  hydroxide  (1  in  20), 
and  in  1810  parts  of  ammonia  water  at  25°  C.  (77°  F.).  It  is  soluble  in  775  parts  of 
water  at  80°  C.  (176°  F.). 

When  rendered  anhydrous  by  heating  to  constant  weight  at  125°  C.  (257°  F.) 
its  melting-point  is  174.9°  C.  (346.8°  F.). 

Its  aqueous  solution  is  laevogyrate  and  is  alkaline  to  moistened  limus-paper. 

If  to  1  Cc.  of  an  aqueous  solution  of  quinine  (1  in  100),  containing  just  sufficient 
diluted  sulphuric  acid  to  effect  complete  solution,  there  be  added  2  Cc.  of  bromine 
T.S.,  followed  by  1  Cc.  of  ammonia  water,  the  liquid  should  acquire  an  emerald- 
green  color  (thalteioquin). 

If  0.7  Gm.  of  Quinine  be  dissolved  in  a  mixture  of  15  Cc.  of  acetic  acid,  6  Cc. 
of  alcohol,  and  0.5  Cc.  of  sulphuric  acid,  the  solution  heated  to  boiling,  and  7  Cc.  of 
a  saturated  solution  of  iodine  in  alcohol  be  added  slowly,  bronze  or  olive-green  crystals 
of  quinine  iodo-sulphate  will  separate  on  gradually  cooling  the  solution.  These 
crystals  are  insoluble  in  cold  water. 
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If  0.2  Gm.  of  Quinine  be  dissolved  in  1  Cc.  of  diluted  sulphuric  acid,  the  solution 
diluted  with  distilled  water  to  20  Cc.  and  neutralized  with  ammonia  water,  and  1  drop 
of  solution  of  hydrogen  dioxide  and  1  drop  of  copper  sulphate  T.S.  be  added,  and 
the  liquid  boiled,  an  intensely  red  color  should  appear,  which  slowly  changes  to  a 
blue,  and  finally  to  a  green  color.  (Quinine  and  quinidine  alone  respond  to  this 
test.) 

One  Gm.  of  Quinine  should  dissolve  completely  in  a  slightly  warmed  mixture  of 
6  Cc.  of  absolute  alcohol  and  3  Cc.  of  ether,  which  solution  should  remain  clear  on 
cooling  (absence  of  cinchonine  and  dnchonidine). 

Quinine  should  not  impart  more  than  a  faintly  yellowish  tint  to  sulphuric  acid 
(limit  of  readily  carbonizable  organic  impurities),  nor  produce  a  red  color  with  nitric 
acid  (difference  from  morphine). 

Quinine  should  not  lose  more  than  14.3  per  cent,  of  water  on  heating  to  125°  C. 
(257°  F.)  (absence  of  an  excess  of  water). 

When  heated  with  2  Cc.  of  potassium  hydroxide  T.S.,  no  ammonia  should  be 
evolved  (absence  of  ammonium  salts). 

Dissolve  2  Gm.  of  Quinine,  which  has  previously  been  dried  at  50°  C.  (122°  F.) 
for  two  hours  in  a  porcelain  dish,  in  20  Cc.  of  alcohol.  Add  2  drops  of  hematoxylin 
T.S.,  neutralize  exactly  with  sulphuric  acid,  and  evaporate  to  dryness  on  a  water- 
bath.  Complete  the  test  by  following  the  directions  given  on  page  899,  under 
Quininoe  Sulphas  (Test  for  Other  Cinchona  Alkaloids,  Section  II.). 

Tests  for  Identity. — Given  above. 

Impurities. — Cinchonine,  cinchonidine,  excess  of  water.  Carbon- 
izable matter,  nitric  acid,  and  ammonia.    Details  above. 

Remarks. — This  important  alkaloid  was  isolated  by  Pelletier  and 
Caventou,  two  apothecaries  of  Paris,  in  1820.  Investigations  show 
that  quinine  is  a  methoxycinchonine,  CH3O — CgH^N — CgHjjOHNCHg. 

The  synthesis  of  quinine  has  not  yet  been  accomplished. 

Quinine  can  be  obtained  from  cinchona  bark  by  the  method  given 
in  the  official  assay  of  cinchona.  (See  p.  1018.)  In  this  case  the 
cinchona  is  treated  with  a  mixture  consisting  of  ether,  chloroform, 
and  ammonia  water,  the  object  of  the  latter  being  to  free  the  alkaloids 
from  their  natural  combinations  with  quinic  acid,  the  separated 
alkaloids  being  dissolved  by  the  mixture  of  ether  and  chloroform. 
This  ethereal  chloroformic  solution  of  the  freed  alkaloids  is  then 
treated  with  normal  sulphuric  acid,  converting  the  alkaloids  into  the 
sulphates,  which  then  dissolve  in  the  aqueous  sulphuric  acid  layer. 
This  aqueous  liquid  is  then  separated  from  the  ether-chloroform 
layer  and  rendered  alkaline  with  ammonia,  when  the  alkaloids  pre- 
cipitate and  are  again  taken  up  with  a  mixture  of  chloroform  and 
ether.  This  chloroform-ether  solution  is  then  evaporated,  when  the 
alkaloids  are  left  in  more  or  less  crystalline  form  and  the  quinine  is 
separated  from  the  other  alkaloids  by  fractional  crystallization. 

The  commercial  extraction  of  quinine  is  accomplished  by  mixing 
the  powdered  bark  with  calcium  hydroxide  (milk  of  lime),  thus  setti^ig 
the  cinchona  alkaloids  free  from  their  natural  combination  in  the  bark, 
and  then  extracting  the  freed  alkaloids  with  gasoline.  This  gasoline 
solution  is  then  shaken  with  diluted  sulphuric  acid,  and  the  acidulated 
watery  solution  after  separation  from  the  gasoline  is  neutralized 
with  sodium  carbonate,  after  which,  the  liquid  on  crystallization,  yields 
an  impure  quinine  sulphate,  which  is  purified  by  repeated  crystalliza- 
tions from  a  sulphuric  acid  solution  neutralized  with  sodium  carbonate. 
The  free  alkaloid  is  obtained  from  the  sulphate  by  treatment  of  its  acid 
solution  with  an  alkali. 

Of  the  reactions  given   above,    quite  characteristic   is  the  blue 
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fluorescence  produced  when  quinine  is  dissolved  in  acid.  A  very- 
beautiful  test  is  the  thalleioquin  test;  which  is  given  above,  con- 
sisting of  the  treatment  of  a  faintly  acid  quinine  solution  with  bromine 
water,  and  the  excess  of  ammonia,  when  the'  liquid  assumes  a  vivid 
green  tint. 

The  test  given  above,  based  on  the  formation  of  green  crystals  of 
quinine  iodosulphate,  is  quite  characteristic,  the  iodosulphate  being 
sometimes  called  herapathite.  A  test  distinguishing  quinine  and 
quinidine  from  cinchonine  and  cinchonidine  is  the  one  given  above, 
based  on  change  of  color  of  a  solution  of  the  two  alkaloids  when 
treated  with  copper  sulphate  and  hydrogen  dioxide. 

Besides,  in  the  free  form,  quinine  is  recognized  by  the  pharma- 
copoeia as  bisulphate,  hydrobromide,  hydrochloride,  salicylate,  and 
sulphate.  Of  these  salts  of  quinine  the  most  popular  is  the  sulphate. 
Quinine  sulphate  is  only  sparingly  soluble  in  water,  but  when  an 
aqueous  mixture  of  the  sulphate  is  treated  with  sulphuric  acid,  the 
salt  rapidly  goes  into  solution.  This  is  due  to  the  formation  of  the 
bisulphate  of  quinine,  one  part  of  which  dissolves  in  10  parts  of  water, 
whereas  one  part  of  quinine  sulphate  requires  740  parts  of  water  for 
solution.  There  is  a  question,  however,  as  to  the  wisdom  of  dispensing 
quinine  solutions,  as  by  dissolving  the  salt  its  bitter  taste  is  made 
still  more  pronounced.  It  is,  in  fact,  preferable  to  administer  the 
same  in  a  mixture  with  a  "shake  well"  label,  and  in  such  a  mixture 
the  taste  of  the  quinine  can  be  effectively  masked  by  the  use  of 
preparations  of  licorice,  such  as  ammoniated  glycyrrhizin  or  an  aque- 
ous fluidextract  of  licorice  (such  as  is  now  official).  Compound  syrup 
of  sarsaparilla  has  also  been  found  useful  to  mask  the  taste  of  quinine, 
but  it  is  not  so  effective  as  are  licorice  preparations. 

There  has  been  a  great  demand  for  the  preparations  of  quinine 
devoid  of  the  disagreeable  taste.  For  adults  the  administration  of 
quinine  capsules  covers  the  need,  but  in  the  case  of  children  who 
cannot  swallow  capsules  some  liquid  method  of  administration  is 
exceedingly  desirable.  The  nearest  approach  to  a  palatable  quinine 
liquid  is  a  licorice  combination  of  quinine,  as  cited  above.  There 
have  been  put  on  the  market  proprietary  liquid  preparations  pur- 
porting to  contain  quinine,  but  investigation  shows  that  such  prepara- 
tions contain  practically  no  quinine,  the  less  bitter  and  also  less 
effective  quinidine  being  used  instead.  Such  a  preparation  is  the 
syrup  of  quinidine  of  the  National  Formulary.  In  fact,  practically 
the  only  way  satisfactorily  to  administer  quinine  internally  to  children 
is  as  quinine  tannate  in  the  form  of  chocolate  lozenges,  and  this 
method  is  highly  satisfactory.  The  physiologic  effect  of  quinine  can 
also  be  secured  by  preparing  an  ointment  of  quinine  (the  alkaloid  or 
the  sulphate)  with  benzoinated  lard  or  petrolatum  and  lanoline,  this 
ointment  being  applied  by  rubbing  under  the  armpits.  Oleate  of 
quinine,  U.  S.  P.,  can  be  used  for  the  same  purpose. 

Physicians  at  times  prescribed  quinine  with  licorice,  then  direct 
addition  of  diluted  sulphuric  acid  to  dissolve  the  quinine.  In  such  com- 
bination (see  p.  1077)  the  sulphuric  acid  will  immediately  precipitate 
the  glycyrrhizin  from  the  licorice  preparation,  producing  an  unsightly 
mixture,  and  at  the  same  time  one  which  is  nauseatingly  bitter. 

The  writer  knew  of  one  physician  who  prescribed  the  sulphate 
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under  the  name  of  "Sulfat  de  pelletiere, "  the  object  of  this  peculiar 
synonym  being  the  same  as  actuated  the  physician  who  prescribed 
the  same  substance  under  the  name  of  "sulphatis  Americanis  Aus- 
tralis"  (South  American  sulphate).  In  each  case  the  patient  had  a 
notion  that  quinine  was  repugnant  to  her  system,  and  in  order  to 
permit  the  administering  of  same  without  arousing  her  suspicions, 
these  peculiar  synonyms  were  employed.  It  must  be  said,  however, 
that  the  first  synonym  is  scarcely  short  of  dangerous,  inasmuch  as 
the  alkaloid  pelletierine,  obtained  from  pomegranate  bark  (see  p.  917), 
is  an  article  of  commerce,  and  now  official  as  the  tannate,  and  "sulfat 
de  pelletiere"  should  be  left  to  designate  the  sulphate  of  this  alkaloid. 

In  view  of  the  full  description  of  quinine  and  its  salts  just  given, 
it  is  now  necessary  merely  to  insert  the  pharmacopoeia  data  relative 
to  the  official  salts  of  quinine. 

Dose. — 250  milligrammes  (4  grains) 

QUININiE   BISULPHAS.     Quinine  Bisulphate. 

C20H34N2O2.H2SO4  +  7H2O  =  544.33 

The  acid  sulphate  [S02(OH)2.C2oH24N202  +  7H20]  of  the  alkaloid  quinine.  It 
should  be  kept  in  well-stoppered,  dark  amber-colored  vials. 

Colorless,  transparent  or  whitish,  orthorhombic  crystals  or  small  needles;  odorless 
and  having  a  very  bitter  taste.  It  effloresces  on  exposure  to  the  air  and  turns  yellow 
on  exposure  to  the  light. 

Soluble  in  8.5  parts  of  water,  18  parts  of  alcohol,  1770  parts  of  ether,  920  parts 
of  chloroform,  and  in  18  parts  of  glycerin  at  25°  C.  (77°  F.);  soluble  in  0.68  part  of 
water  at  80°  C.  (176°  F.)  and  in  0.5  part  of  alcohol  at  60°  C.  (140°  F). 

When  heated  the  salt  softens  at  60°  C.  (140°  F.),  becomes  semifluid  at  70°  C. 
(158°  F.),  and  melts  at  about  160°  C.  (320°  F.),  with  decomposition.  It  loses  all  of 
its  water  of  crystallization  at  100°  C.  (212°  F.).  On  ignition,  the  salt  is  slowly  con- 
sumed, leaving  no  residue. 

Its  aqueous  solution  has  a  strongly  acid  reaction  and  shows  a  blue  fluorescence. 

If  1  Gm.  of  the  salt  be  dried  at  100°  C.  (212°  F.)  until  it  ceases  to  lose  weight, 
the  residue,  cooled  in  a  desiccator,  should  weigh  not  less  than  0.77  Gm.  (correspond- 
ing to  7  molecules  or  23  per  cent,  of  water  of  crystallization). 

Dissolve  2  Gm.  of  Quinine  Bisulphate,  which  has  been  dried  at  50°  C.  (122°  F.) 
for  two  hours,  in  20  Cc.  of  distilled  water,  carefully  neutralize  with  diluted  sodium 
hydroxide  T.S.,  and  evaporate  the  solution  to  dryness  on  a  water-bath.  Complete 
the  test  by  following  the  directions  given  on  page  899,  under  Quininoe  Svlphas 
(Test  for  Other  Cinchona  Alkaloids,  Section  II.). 

Tests  for  Identity. — Physical    tests.     Given  above.     Thalleioquin 

test.     See  Quinine.     Test  for  sulphates.     See  Part   V. 

Impurities. — Carbonizable    alkaloids.     See  Quinine    Sulphate. 
Dose. — 250  milligrammes  (4  grains). 

QUININE  HYDROBROMIDUM.     Quinine  Hydrobromide. 

C2oH24N202.HBr  +  H^O  =  420.06 
[Quinine  Hydrobromas,  Phar.  1890J 

The  hydrobromide  [HBr.C2oH24N202-l-H20]  of  the  alkaloid  quinine.  It  should 
be  kept  in  weU-stoppered,  amber-colored  vials. 

White,  light,  silky  needles;  odorless  and  having  a  very  bitter  taste.  The  salt 
effloresces  on  exposure  to  the  air. 

Soluble  in  40  parts  of  water,  0.67  part  of  alcohol,  16  parts  of  ether,  8  parts  of 
glycerin,  and  very  soluble  in  chloroform  at  25°  C.  (77°  F.);  soluble  in  3  parts  of  water 
at  80°  C.  (176°  F.). 

When  heated  to  100°  C.  (212°  F.)  the  salt  loses  its  water  of  crystallization.     At 
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152°  C.  (305.6°  F.)  it  begins  to  fuse,  forming  a  syrupy  liquid  at  200°  C.  (392°  F.)- 
On  ignition  it  is  slowly  consumed,  leaving  no  residue. 

Its  solutions  are  neutral  or  slightly  alkaline  to  litmus-paper,  and  when  acidulated 
with  diluted  sulphuric  acid  shows  a  vivid  blue  fluorescence. 

Ammonia  water  added  to  an  aqueous  solution  of  the  salt  produces  a  white  pre- 
cipitate, which  is  soluble  in  a  large  excess  of  the  reagent. 

If  1  Gm.  of  the  salt  be  dried  at  100°  C.  (212°  F.)  until  it  ceases  to  lose  weight, 
the  residue  should  weight  not  less  than  0.957  Gm.  (corresponding  to  1  molecule,  or 
4.25  per  cent,  of  water  of  crystallization.) 

Dissolve  3  Gm.  of  Quinine  Hydrobromide,  which  has  been  dried  at  50  °C.  (122° 
F.)  for  two  hours,  in  30  Cc.  of  hot  distilled  water  in  an  evaporating  dish,  and  add  1.5 
Gm.  of  crystallized  sodium  sulphate  gradually,  with  constant  stirring,  and  evaporate 
the  liquid  on  a  water-bath  to  dryness.  Complete  the  test  by  following  the  directions 
given  on  page  899,  under  Quininoe  Sulphas  (Test  for  Other  Cinchona  Alkaloids, 
Section  II.),  using  30  Cc.  of  distilled  water  for  maceration  instead  of  20  Cc,  as  there 
directed. 

Tests  for  Identity. — Physical  tests.  Given  above.  Tests  for 
quinine.  Thalleioquin  test.  See  Quinine.  Tests  for  bromides. 
Details  in  Part  V. 

Impurities. — Carbonizable  matter  and  morphine.  See  Quinine. 
Excess  sulphate.  Details  in  Part  V.  Second  test  for  morphine. 
See  above.     Other  cinchona  alkaloids.     See  Quinine  Sulphate. 

Dose. — 250  milligrammes  (4  grains). 

QUININE  HYDROCHLORIDUM.     Quinine  Hydrochloride. 

C^oH^^NA-HCl  +  2B.fi  =  393.76 
[Quinine  Hydkochloras,  Pharm.  1890] 

The  hydrochloride  [HCI.C20H21N2O2  +  2H2O]  of  the  alkaloid  quinine.  It  should 
be  kept  in  well-stoppered,  amber-colored  vials. 

White,  silky,  glistening  needles;  odorless  and  having  a  very  bitter  taste.  The 
salt  effloresces  when  exposed  to  warm  air. 

Soluble  in  18  parts  of  water,  0.6  part  of  alcohol,  240  parts  of  ether,  0.8  part  of 
chloroform,  and  in  8  parts  of  glycerin  at  25°  C.  (77°  F.);  soluble  in  0.4  part  of  water 
at  80°  C.  (176°  F.). 

When  heated  to  120°  C.  (248°  F.),  the  salt  loses  its  water  of  crystallization. 
At  about  156°  C.  (312.8°  F.)  it  begins  to  melt,  but  is  not  fully  melted  until  the  tem- 
perature reaches  190°  C.  (374°  F.).  On  ignition  it  is  slowly  consumed,  leaving  no 
residue. 

Its  aqueous  solution  is  neutral  or  faintly  alkaline  to  red  litmus-paper,  and  is 
not  fluorescent  except  when  greatly  diluted,  or  when  diluted  sulphuric  acid  is  added 
to  it. 

If  1  Gm.  of  the  salt  be  dried  at  100°  C.  (212°  F.)  until  it  ceases  to  lose  weight, 
the  residue  should  weigh  0.91  Gm.  (corresponding  to  2  molecules  or  9.1  per  cent, 
of  water  of  crystallization). 

Dissolve  3  Gm.  of  Quinine  Hydrochloride,  which  has  been  dried  at  50°  C.  (122° 
F.)  for  two  hours,  in  30  Cc.  of  hot  distiUed  water  in  an  evaporating  dish,  and  add  1.5 
Gm.  of  crystaUized  sodium  sulphate  gradually,  with  constant  stirring,  and  evaporate 
the  liquid  on  a  water-bath  to  dryness.     Complete  the  test  by  following  the  directions 

fiven  on  page  899,  under  Quinince  Svlphas  (Test  for  Other  Cinchona  Alkaloids, 
ection  II.),  using  30  Cc.  of  distilled  water  for  maceration  instead  of  20  Cc,  as  there 
directed. 

Tests  for  Identity. — Physical  tests.  Given  above.  Thalleioquin 
test.     See  Quinine.     Test  for  chlorides.     Details  in  Part  V. 

Impurities. — Carbonizable  matter.  See  Quinine.  Sulphates.  De- 
tails in  Part  V.  Morphine.  See  Quinine  Hydrobromide.  Other 
cinchona  alkaloids.     See  Quinine  Sulphate. 

Dose. — 250  milligrammes  (4  grains). 
57 
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QUININE   SALICYLAS.     Quinine  Salicylate. 

2C2oH2«NA-C7H803  +  H2O  =  935.54 

The  salicylate  [2C8H,(OH)COOH.C2oH2,N202  +  H20]  of  the  alkaloid  quinine. 
It  should  be  kept  in  amber-colored,  well-stoppered  vials. 

Colorless  needles,  permanent  in  the  air,  but  on  keeping  readily  assuming  a 
pinkish  color. 

Soluble  in  77  parts  of  water,  11  parts  of  alcohol,  110  parts  of  ether,  37  parts 
of  chloroform,  and  in  16  parts  of  glycerin  at  25°  C.  (77°  F.);  soluble  in  35  parts  of 
water  at  80°  C.  (176°  F.)  and  in  11  parts  of  alcohol  at  60°  C.  (140°  F.). 

When  heated  it  begins  to  melt  at  183°  C.  (361.4°  F.),  with  decomposition,  and 
at  187°  C.  (368.6°  F.)  is  entirely  melted  to  a  red  Hquid.  When  ignited  it  is  slowly 
consumed,  without  leaving  a  residue. 

Its  aqueous  solution  is  alkaline  to  red  litmus-paper,  and  has  a  bitter  taste. 
When  treated  with  diluted  sulphuric  acid,  its  aqueous  solution  develops  a  blue 
fluorescence. 

When  heated  at  100°  C.  (212°  F.),  to  constant  weight,  it  should  lose  not  more 
than  2  per  cent,  in  weight  (absence  of  excessive  moisture). 

Mix  2  Gm.  of  Quinine  Salicylate  with  10  Cc.  of  distilled  water,  in  a  separator, 
add  a  slight  excess  of  ammonia  water,  and  shake  the  liquid  with  three  successive 
portions  of  25,  20,  and  10  Cc.  of  ether,  collect  the  ether-solution  in  a  porcelain  dish 
and  evaporate  it  to  dryness  on  a  water-bath,  dissolve  the  residue  in  alcohol,  add  just 
sufficient  sulphuric  acid  to  render  the  liquid  exactly  neutral,  and  again  evaporate 
to  dryness.  Complete  the  test  by  following  the  directions  given  on  page  899,  under 
Quinince  Sulphas  (Test  for  Other  Cinchona  Alkaloids,  Section  II.). 

Tests  for  Identity. — Physical  tests.     Given  above.     Thalleioquin 
test.     See  Quinine.     Test  for  salicylates.     Details  in  Part  V. 
Impurities. — Excess  of  moisture.     Details  above.' 
Dose. — 250  milligrammes  (4  grains). 

QUININiE   SULPHAS.     Quinine  Sulphate. 

(C3oH2,NA)2-H2SO,  +  7H2O  =  866.15 

The  sulphate  [S02(OH)2.(C2oH2,NA)2  +  7H20]  of  the  alkaloid  quinine.  It 
should  be  kept  in  well-stoppered  bottles,  preferably  of  an  amber  color,  and  in  a  dark 
place. 

White,  silky,  light,  flexible,  glistening  crystals,  or  hard,  prismatic,  monoclinic 
needles,  making  a  very  slight  and  easily  compressible  mass,  odorless,  and  having 
a  persistent,  very  bitter  taste.  It  effloresces  rapidly  when  it  is  exposed  to  dry  air 
and  then  becomes  lustreless;  when  exposed  to  light  it  acquires  a  brownish  tint. 
Quinine  Sulphate  sometimes  crystallizes  with  8  molecules  of  water  of  crystallization 
(16.18  per  cent.). 

Soluble  in  720  parts  of  water,  86  parts  of  alcohol,  400  parts  of  chloroform,  and 
in  36  parts  of  glycerin  at  25°  C.  (77°  F.);  very  difficultly  soluble  in  ether;  soluble 
in  45  parts  of  water  at  80°  C.  (176°  F.)  and  in  9  parts  of  alcohol  at  60°  C.  (140°  F.). 
Diluted  acids  increase  its  solubility  in  water,  and  it  is  easily  soluble  in  a  mixture  of 
chloroform  2  parts  and  absolute  alcohol  1  part. 

Quinine  Sulphate  which  has  been  dried  over  sulphuric  acid  melts  at  205°  C. 
(401°  F.).  When  heated  to  60°  C.  (140°  F.),  or  when  exposed  to  dry  air,  it  loses  all 
but  2  molecules  of  its  water  of  crystallization,  and  upon  heating  it  to  115°  C.  (239° 
F.)  the  remainder  is  expelled.  Upon  ignition  the  salt  is  slowly  consumed,  without 
leaving  a  residue. 

Its  aqueous  solution  is  neutral  to  litmus-paper,  and  when  acidulated  with  diluted 
sulphuric  acid,  develops  a  vivid  blue  fluorescence. 

Barium  chloride  T.S.  produces  a  white  precipitate,  insoluble  in  hydrochloric 
acid. 

On  treating  10  Cc.  of  an  aqueous  solution  of  the  salt  (about  1  in  1300)  with  5 
drops  of  bromine  T.S.,  then  with  an  excess  of  ammonia  water,  the  liquid  should 
acquire  an  emerald-green  color  {thalleioquin).  With  proper  adjustment  of  the  re- 
agents, more  diluted  solutions  will  give  a  paler  tint,  while  more  concentrated  ones 
will  acquire  a  deeper  color  or  throw  down  a  green  precipitate. 
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One  Gm.  of  the  salt  should  dissolve  completely  when  heated  to  50°  C.  (122°  F.) 
in  7  Cc.  of  a  mixture  of  2  volumes  of  chloroform  and  1  volume  of  absolute  alcohol, 
and  should  remain  clear  on  cooling  (absence  of  ammonium  sulphate  and  irwrganic 
salts). 

Sulphuric  acid  should  impart  to  the  salt  not  more  than  a  faintly  yellowish  tint 
(limit  of  readily  carbonizable  organic  impurities). 

Nitric  acid  should  not  produce  a  red  color  (difference  from  morphine). 

If  1  Gm.  of  the  salt  be  dried  at  a  temperature  of  115°  C.  (239°  F.),  until  it  ceases 
to  lose  weight,  the  residue  should  weigh  not  less  than  0.838  Gm.  (indicating  not  more 
than  8  molecules  or  16.18  per  cent,  of  water). 

Tests  for  Other  Cinchona  Alkaloids. — I.  Dry  2  Gm.  of  Quinine  Sulphate  in 
a  porcelain  dish  on  a  water-bath  for  two  hours  at  50°  C.  (122°  F.). 

II.  Transfer  the  residue  (which  should  be  strictly  neutral  to  litmus-paper)  to  a 
dry  test-tube,  add  20  Cc.  of  distilled  water  and  place  the  test-tube  in  a  water-bath; 
heat  it  for  half  an  hour  at  65°  C.  (149°  F.)  and  then  allow  it  to  cool,  and  keep  the 
temperature  at  15°  C.  (59°  F.)  for  two  hours,  shaking  the  test-tube  occasionally. 
Filter  the  liquid,  transfer  5  Cc.  of  the  filtrate,  having  the  temperature  of  15°  C.  (59° 
F.),  to  a  dry  test-tube,  and  carefully  add  ammonia  water  (which  must  be  of  official 
strength  and  have  the  temperature  of  exactly  15°  C.)  until  the  precipitate  which 
forms  has  just  redissolved;  not  more  than  6  Cc.  of  ammonia  water  should  be  required 
to  produce  a  clear  solution.  If  the  temperature  at  the  end  of  the  digestion  has  risen 
to  16°  C.  (60.8°  F.),  not  more  than  6.5  Cc.  of  ammonia  water  should  be  required; 
if  to  17°  C.  (62.6°  F.),  not  more  than  7  Cc.  of  ammonia  water  should  be  used.  (In 
each  case  a  clear  solution  indicates  the  absence  of  excessive  amounts  of  other  cin- 
chona alkaloids). 

Tests  for  Identity. — Quinine  tests.  Details  above.  Test  for 
sulphates.     Details  in  Part  V. 

Impurities. — Ammonium  sulphate  and  other  inorganic  salts. 
Excess  of  moisture.  Details  above.  Carbonizable  matter  and 
morphine.     See  Quinine.     Other  cinchona  alkaloids.     Details  above. 

Remarks. — Quinine  and  all  its  alkaloids  are  valuable  antipyretics 
and  antiperiodics,  that  is,  they  reduce  fever  and  relieve  malaria.  The 
different  acids  combined  with  the  alkaloid  in  the  several  salts  some- 
what modify  the  action  according  to  the  properties  of  the  acid. 

Dose. — Of  quinine  and  its  oflScial  salts,  250  milligrammes  (4  grains). 

Quinidine. — Extraction. — Obtained  by  concentration  of  the  mother  liquor  from 
the  recrystallization  of  quinine  sulphate,  when  the  impure  crystals  of  quinidine 
sulphate  separate  out.  The  impure  crystals  of  quinidine  sulphate  are  freed  from 
cinchonine  sulphate  by  addition  of  ammonia,  in  which  the  quinidine  dissolves,  while 
the  cinchonine  separates.  The  filtered  solution  is  treated  with  soda,  and  the  quini- 
dine thus  precipitated  is  dissolved  in  diluted  sulphuric  acid  and  purified  by  repeated 
crystallizations.  From  the  pure  quinidine  sulphate  so  made  the  free  alkaloid  is 
obtained  by  precipitation  with  soda. 

Remarks. — Quinidine,  CjoHj^N^Oj,  is  isomeric  with  quinine,  and,  like  it,  is  sup- 
posed to  be  methoxy cinchonine. 

It  is  of  minor  importance  in  medicine,  having  been  official  in  the  pharmacopoeia 
of  1890  in  the  form  of  sulphate. 

The  salts  of  quinidine,  like  those  of  quinine,  show  a  fluorescence  in  acid  solution, 
and  quinidine  also  responds  to  the  thalleioquin  test. 

Cinchonidine. — Extraction. — Obtained  from  the  mother  liquor  of 
quinine  sulphate  by  precipitation  with  Rochelle  salt,  solution  of  this 
precipitate  in  diluted  hydrochloric  acid,  precipitation  with  ammonia, 
and  washing  the  precipitate  free  from  other  alkaloids  with  ether. 
The  alkaloid  is  then  redissolved  and  reprecipitated,  and  finally  crys- 
tallized from  alcohol. 

To  sum  up  the  extraction  of  the  four  important  alkaloids  of  cin- 
chona, the  gasoline  solution  of  these,  obtained  as  mentioned  under 
quinine  (p.  894),  is  shaken  out  with  diluted  sulphuric  acid.     From 
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the  concentrated  acid  solution  the  quinine  and  quinidine  crystallize 
and  are  separated  as  explained  under  Quinidine  (p.  899) ;  the  mother 
liquor  is  then  treated  with  Rochelle  salt,  which  precipitates  the  cin- 
chonidine,  while  the  cinchonine  is  obtained  from  the  residual  liquid 
by  precipitation  with  soda. 

Remarks. — Cinchonidine  is  isomeric  with  cinchonine,  and  is 
supposed  to  have  the  same  graphic  formula  (p.  892).  It  is  only 
sparingly  soluble  in  ammonia  water,  and  this  explains  the  principle 
of  the  so-called  Kerner's  test  for  quinine,  this  test  requiring  that  when 
an  evaporated  mixture  of  quinine  and  ammonium  sulphate  be  treated 
with  water  and  filtered,  the  filtrate  should  yield  a  clear  liquid  when 
treated  with  a  specific  quantity  of  water  of  ammonia.  Rochelle  salt, 
on  the  other  hand,  prevents  precipitation  of  cinchonidine  by  ammonia, 
and  on  this  fact  is  based  the  official  test  of  distinction  between  cin- 
chonidine, cinchonine,  and  quinidine,  the  two  alkaloids  last  mentioned 
precipitating  when  so  treated. 

A  striking  test  for  cinchonidine  is  the  color  produced  by  the 
oxidation  of  the  alkaloid  by  means  of  a  crystal  of  potassium  dichromate 
and  sulphuric  acid,  when  a  brilliant,  grass-green  color  results. 

CINCHONIDINiE   SULPHAS.     Cinchonidine  Sulphate. 

(C,9H22N20)2.H2SO,  +  SHjO  =  735.05 

The  neutral  sulphate  [S02(OH)2.{Ci9H22N20)2  +  3H20]  of  an  alkaloid  obtained 
from  the  bark  of  several  species  of  Cinchona. 

White,  glistening,  silky  needles  or  prisms,  permanent  in  the  air,  odorless,  having 
a  very  bitter  taste.  When  crystallized  from  dilute  solutions,  it  contains  six  mole- 
cules of  water  of  crystallization,  and  when  from  concentrated  solutions,  three  mole- 
cules. 

Soluble  in  63  parts  of  water,  72  parts  of  alcohol,  4400  parts  of  ether,  and  in  900 
parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  21  parts  of  water  at  80°  C.  (176°  F.) 
and  in  32  parts  of  alcohol  at  60°  C.  (140°  F.). 

When  heated  to  100°  C.  (212°  F.)  the  salt  loses  its  water  of  crystallization,  and 
at  203°  C.  (397.4°  F.)  it  darkens,  and  then  melts  at  205.3°  C.  (401.5°  F.).  At  a 
higher  temperature  it  ignites  and  is  consumed  without  leaving  a  residue. 

The  aqueous  solution  is  neutral  or  only  faintly  alkaline  to  phenolphthalein  T.S. 
or  litmus  T.S.,  and  is  Isevogyrate. 

On  adding  ammonia  water  to  the  aqueous  solution  of  the  salt,  a  white  precipitate 
(cinchonidine)  is  produced,  which  is  but  slightly  soluble  in  ammonia,  but  which, 
when  freshly  precipitated,  dissolves  in  10  parts  of  ether,  the  greater  part  afterward 
separating  in  crystals. 

If  sulphuric  acid  be  added  to  a  small  quantity  of  the  salt,  not  more  than  a  faintly 
yellowish  color  should  be  developed  (limit  of  readily  carbonizable  organic  impurities). 
Upon  adding  to  this  liquid  a  crystal  of  potassium  dichromate,  a  yellowish-green  color 
is  produced,  which  gradually  changes  to  grass-green. 

If  1  Gm.  of  the  salt  be  dried  at  100°  C.  (212°  F.)  until  it  ceases  to  lose  weight, 
the  residue,  cooled  in  a  desiccator,  should  weigh  not  less  than  0.920  Gm.  (absence 
of  an  undue  amount  of  water). 

A  solution  of  the  salt  (1  in  1000)  in  diluted  sulphuric  acid  should  not  exhibit 
more  than  a  faint  blue  fluorescence  (absence  of  more  than  traces  of  quinine  or  quini- 
dine sulphates). 

If  0.5  Gm.  of  the  salt  be  macerated,  with  frequent  agitation,  at  the  ordinary 
temperature,  with  20  Cc.  of  water,  0.5  Gm.  of  potassium  and  sodium  tartrate  then 
added,  the  maceration  continued,  under  repeated  agitation,  for  one  hour  at  15°  C. 
(59°  F.),  and  the  mixture  filtered,  the  addition  of  1  drop  of  ammonia  water  to  the 
filtrate  should  not  produce  more  than  a  slight  turbidity  (absence  of  more  than  small 
quantities  of  cinchonine  or  quinidine  sulphates). 

Tests  for  Identity. — For  cinchonidine.  Given  above.  For  sul- 
phates.    Details  in  Part  V. 
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Impurities. — Carbonizable  matter,  excess  of  water,  other  cinchona 
alkaloids.     Details  above. 

Remarks. — This  alkaloidal  salt  enjoyed  a  l&,rge  sale  some  twenty- 
five  years  since,  when  the  high  price  of  quinine  sulphate  (which  then 
sold  at  $5  an  ounce)  made  that  important  alkaloid  a  luxury.  It  is 
used  like  quinine,  but  is  not  so  effective. 

Dose. — 250  milligrammes  (4  grains). 

STRYCHNINA.     Strychnine. 
C„H,,NA  =  331.73 

An  alkaloid  obtained  from  Nux  Vomica,  and  also  obtainable  from  other  plants 
of  the  LoganiaceoB. 

Colorless,  transparent,  prismatic  crystals,  or  a  white  crystalline  powder;  odorless 
and  having  an  intensely  bitter  taste,  perceptible  even  in  solutions  of  1  in  700,000. 
Strychnine  should  be  tasted  with  extreme  caution.     Permanent  in  the  air. 

Soluble  in  6400  parts  of  water,  110  parts  of  alcohol,  5500  parts  of  ether,  6  parts 
of  chloroform,  150  parts  of  benzene,  and  in  180  parts  of  amyl  alcohol  at  25°  C.  (77  F.); 
soluble  in  3000  parts  of  water  at  80°  C.  (176°  F.)  and  in  28  parts  of  alcohol  at  60° 
C.  (140°  F.). 

Its  melting-point  is  268°  C.  (514.4°  F.).  Upon  ignition  it  is  consumed,  leaving 
no  residue. 

Its  solutions  are  laevogyrate  and  alkaline  to  litmus-paper. 

Sulphuric  acid  containing  1  per  cent,  of  ammonium  vanadate  produces  with 
Strychnine  a  deep  violet-blue  color,  changing  to  a  deep  purple,  and  finally  to  a  cherry- 
red.  Sulphuric  acid  containing  a  trace  of  potassium  iodate  produces  a  violet  color, 
changing  momentarily  to  reddish-purple. 

If  0.1  Gm.  of  Strychnine  dissolved  in  a  few  drops  of  nitric  acid  be  evapor?ited  to 
dryness,  and  a  few  drops  of  ammonia  water  added  to  the  yellow  residue,  an  orange 
color  will  be  produced,  which  will  turn  reddish-purple,  and  finally  brown,  on  the  ad- 
dition of  a  small  amount  of  alcoholic  potassium  hydroxide  T.S. 

Sulphuric  acid  should  produce  no  color  (absence  of  su^ar  and  other  readily  car- 
bonizable organic  impurities),  but  on  adding  a  fragment  of  potassium  dichromate, 
a  deep  blue  color  is  momentarily  produced,  changing  to  deep  violet,  then  to  purplish- 
red,  cherry-red,  and  finally  to  orange  or  yellow. 

Nitric  acid,  when  added  to  a  crystal  of  Strychnine  on  a  white  porcelain  surface, 
should  not  produce  more  than  a  faintly  pink  color  (limit  of  brucine). 

Tests  for  Identity. — Physical  tests.     See  above. 

Impurities. — Carbonizable  substances.  See  Atropine  (p.  884). 
Brucine.     Details  above. 

Extraction. — Nux  vomica  is  extracted  with  very  dilute  acid,  and 
the  alkaloids  precipitated  from  the  acid  liquid  by  use  of  milk  of  lime. 
The  precipitate  is  freed  from  mucilage,  etc.,  by  washing  with  water, 
and  from  brucine  by  use  of  cold  diluted  alcohol. 

It  is  then  treated  with  boiling  alcohol,  which  dissolves  the  strych- 
nine, and  this  is  decolorized  by  treatment  with  animal  charcoal. 
The  alkaloid  is  eventually  precipitated  from  the  alcoholic  solution 
by  treatment  with  alkali. 

Remarks. — This  alkaloid  was  discovered  by  Pelletier  and  Caventou 
in  1818.  It  is  the  active  principle  of  nux  vomica  and  Ignatia  bean, 
from  which  it  is  extracted  as  explained  above. 

The  structural  composition  of  strychnine  is  still  a  matter  of  doubt, 
the  only  points  established  being  shown  in  the  graphic  formula: 


C«o-HmO 
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The  synthesis  of  strychnine  has  not  yet  been  accomplished. 

Interesting  among  the  reactions  of  strychnine  is  its  behavior 
under  different  oxidizing  agents.  Thus,  when  strychnine  is  first 
dissolved  in  concentrated  sulphuric  acid,  which  it  does  without  any 
change  in  color,  and  if  a  small  crystal  of  potassium  dichromate  is 
added,  a  violet  color  changing  to  tints  of  red,  then  orange,  and  yellow 
results.  This  test  is  said  to  detect  one  part  of  strychnine  in  500,000. 
It  is,  however,  open  to  fallacy.  Professor  J.  U.  Lloyd  having  shown 
that  a  mixture  of  morphine  and  hydrastine  will  give  a  similar  color 
reaction.  Professor  Lloyd  makes  the  confusion  of  such  a  combination 
for  strychnine  a  dramatic  feature  of  one  of  his  romances. 

A  very  prominent  characteristic  of  strychnine  is  its  intensely 
bitter  taste,  the  bitterness  being  shown  in  a  dilution  of  1  to  700,000, 
which  can  be  stated  more  strikingly  by  saying  that  this  dilution 
represents  about  a  grain  of  strychnine  to  twelve  gallons  of  water. 

Strychnine  is  a  powerful  nervous  stimulant,  and  is  usually  dis- 
pensed as  the  sulphate. 

Dose. — 1  milligramme  (^V  grain). 

It  is  recognized  by  the  pharmacopoeia  in  the  form  of  the  free 
alkaloid,  and  also  as  the  nitrate  and  the  sulphate. 

STRYCHNINE   NITRAS.     Strychnine  Nitrate. 

C^iHaaNA-HNOs  =  394.30 

The  nitrate  [NO2OH.C21H22N2O2]  of  the  alkaloid  Strychnine.  It  should  be  kept 
in  well-stoppered  vials. 

Colorless,  glistening  needles;  odorless  and  having  an  intensely  bitter  taste. 
Strychnine  Nitrate  should  be  tasted  vnth  extreme  caution.     Permanent  in  the  air. 

Soluble  in  42  parts  of  water,  120  parts  of  alcohol,  156  parts  of  chloroform,  and 
in  60  parts  of  glycerin  at  25°  C.  (77°  F.);  soluble  in  8  parts  of  water  at  80°  C.  (176° 
F.)  and  in  60  parts  of  alcohol  at  60°  C.  (140°  F.);  insoluble  in  ether. 

When  heated  the  salt  decomposes,  but  it  does  not  melt,  and  when  ignited  it  is 
consumed  without  leaving  a  residue. 

Its  aqueous  solutions  are  neutral  to  litmus-paper  and  laevogyrate. 

The  addition  of  sulphuric  acid  to  a  crystal  of  Strychnine  Nitrate  on  a  white 
porcelain  surface  should  not  produce  more  than  a  faintly  yellow  color  (limit  of  brudne). 

Tests  for  Identity. — Physical  tests.       Given  above.       Color  tests. 
See  Strychnine.     Tests  for  nitrate.     Details  in  Part  V. 
Impurity. — Brucine.     Details  above. 
Dose. — 1  milligramme  (^  grain). 

STRYCHNINE  SULPHAS.     Strychnine  Sulphate. 

(C2iH22N202)2.H2SO,  +  5H2O  =  850.21 

The  sulphate  [S02(OH)2.(C2iH22N202)2  +  5H20]  of  the  alkaloid  strychnine.  It 
^hould  be  kept  in  well-stoppered  vials. 

Colorless  or  white  prismatic  crystals,  or  a  white,  crystalline  powder;  odorless 
and  having  an  intensely  bitter  taste,  perceptible  even  in  solutions  of  1  in  700,000. 
Strychnine  Sulphate  should  be  tasted  with  extreme  caution.     Efflorescent  in  diy  air. 

Soluble  in  31  parts  of  water,  65  parts  of  alcohol,  and  in  325  parts  of  chloroform 
at  25°  C.  (77°  F.);  soluble  in  6  parts  of  water  at  80°  C.  (176°  F.)  and  in  20  parts  of 
alcohol  at  60°  C.  (140°  F.);  insoluble  in  ether. 

When  heated  at  100°  C.  (212°  F.)  the  salt  loses  its  water  of  crystallization 
(10.59  per  cent.),  and  when  anhydrous  melts  at  200°  C.  (392°  F.).  Upon  ignition 
it  is  consumed,  leaving  no  residue. 
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Nitric  acid,  when  added  to  a  crystal  of  Strychnine  Sulphate  on  a  white  porcelain 
surface,  should  not  produce  more  than  a  faintly  yellow  color  (limit  of  brucine). 

Tests  for  Identity. — Physical  tests.  Given  above.  Color  tests. 
See  Strychnine.     Test  for  sulphates.     Details  in  Part  V. 

Impurity. — Brucine.     Details  above. 

Remarks. — Both  the  sulphate  and  the  nitrate  are  used  like  the 
alkaloid,  strychnine,  and  in  the  same  dose. 

Dose. — 1  milligramme  (^  grain). 

Brucine  is  an  unofficial  alkaloid,  associated  with  strychnine  in 
nux  vomica  and  ignatia.  It  is  of  little  importance  in  pharmacy  and 
medicine,  except  that  some  commercial  strychnine  has  not  been  fully 
purified  from  brucine.  This  is  detected  by  the  fact  that  brucine 
when  treated  with  concentrated  nitric  acid  gives  a  brilliant  red  tint, 
while  strychnine  will  dissolve  practically  colorless. 

VERATRINA.     Veratrine. 

A  mixture  of  alkaloids  obtained  from  the  seed  of  Asagrcea  officinalis  (Chamisso 
and  Schlechtendal)  Lindley  (Fam.  Liliaceoe).  It  should  be  kept  in  well-stoppered, 
amber-colored  vials. 

A  white,  or  grayish-white,  amorphous  powder,  odorless,  but  causing  intense 
irritation  and  sneezing  when  even  a  minute  quantity  reaches  the  nasal  mucous  mem- 
brane; having  an  acrid  taste  and  leaving  a  sensation  of  tingling  and  numbness  on  the 
tongue.     It  should  be  tasted  with  great  caution.     Slightly  hygroscopic  in  moist  air. 

Soluble  in  1750  parts  of  water,  2.2  parts  of  alcohol,  3  parts  of  ether,  and  in  1  part 
of  chloroform  at  25°  C.  (77°  F.);  soluble  in  1300  parts  of  water  at  80°  C.  (176°  F.); 
very  soluble  in  benzene  and  amyl  alcohol;  insoluble  in  petroleum  benzin. 

When  heated  to  145°  C.  (293°  F.)  it  softens,  and  melts  at  152°  C.  (305.6°  F.). 
Upon  ignition  it  is  consumed,  leaving  no  residue. 

Its  alcoholic  solutions  are  alkaline  to  red  litmus-paper. 

On  triturating  Veratrine  with  sulphuric  acid,  in  a  glass  mortar,  the  yeUow  or 
orange-red  solution  exhibits,  by  reflected  light,  a  greenish  fluorescence,  which  be- 
comes more  intense  upon  the  addition  of  an  equal  volume  of  acid.  Upon  standing, 
the  solution  gradually  assumes  a  deep  red  color. 

Sulphuric  acid  wnen  heated  with  Veratrine  gives  a  cherry-red  color.  Sulphuric 
acid  containing  a  trace  of  selenous  acid  produces  a  brownish-green  color.  Sulphuric 
acid  added  to  a  mixture  of  1  part  of  Veratrine  and  6  parts  of  sugar  produces  a  green 
color,  changing  to  blue,  and  the  mixture  then  becomes  colorless. 

Tests  for  Identity. — Given  above. 

Extraction. — Powdered  cevadilla  seeds  are  extracted  with  90  per 
cent,  alcohol,  the  percolate  concentrated  and  poured  into  a  large  quan- 
tity of  water,  thus  precipitating  resin,  fat,  etc.  The  aqueous  liquid 
is  then  made  alkaline  with  ammonia,  and  the  precipitated  veratrine 
purified  by  washing  with  water,  dissolving  in  diluted  hydrochloric 
acid,  and  precipitating  with  ammonia. 

Remarks. — Veratrine  is  a  mixture  of  alkaloids  obtained  from  ceva- 
dilla seeds.  The  word  veratrine  is  unfortunate,  inasmuch  as  it  would 
suggest  that  the  alkaloid  is  obtained  from  the  official  veratrum. 
This  is  not  the  case,  the  alkaloid  having  originally  been  discovered  in 
cevadilla  seeds  in  1818,  by  Meissner,  who  called  the  alkaloid  sabadil- 
line,  suggesting,  however,  that  if  the  same  alkaloid  was  found  in 
other  species  of  veratrum,  it  might  be  well  to  call  it  veratrine.  The 
same  year,  however,  Pelletier  and  Caventou  isolated  veratrine  from 
white  veratrum,  and  from  this  fact  the  alkaloid  obtained  its  name. 

The   chemistry   of  this   alkaloid   has   been   comparatively   little 
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studied.  As  above  mentioned,  it  is  now  considered  a  mixture  of  alka- 
loids. It  is  a  quinoline  derivative,  as  is  shown  by  its  decomposition 
products. 

Its  chief  reactions,  as  cited  above,  are  the  colors  produced  with 
concentrated  sulphuric  acid,  the  tint  ranging  from  yellow  to  cherry 
red,  according  to  conditions  of  mixing. 

It  will  be  noted  in  the  alkaloidal  reactions  of  the  new  pharma- 
copoeia that  selenous  acid  plus  sulphuric  acid  is  given  a  place  as  an 
alkaloidal  color  reagent — in  the  case  of  veratrine  a  green-brown  color 
is  produced. 

Veratrine  is  used  internally  very  seldom,  and  then  as  a  sedative. 
Its  chief  use  is  externally  as  a  destroyer  of  vermin  and  in  some  forms 
of  skin  trouble,  in  which  case  it  is  usually  dispensed  as  the  official 
oleate  of  veratrine  or  as  the  ointment. 

Dose. — 2  milligrammes  (^  grain). 

Group  IV. — The  Isoquinoline  Derivatives 
Isoquinoline  is  a  substance  having  the  same  empiric  formula  as 
quinoline,  the  only  difference  between  the  two  being  in  the  location 
of  the  nitrogen  atom,  which  can  best  be  shown  by  the  graphic  formula 
given  on  p.  905. 

HYDRASTINA.     Hydrastine. 

C21H21NO6  =  380.32 

An  alkaloid  obtained  from  Hydrastis.  It  should  be  kept  in  well-stoppered 
bottles. 

White  to  creamy  white,  glistening  prisms,  sometimes  of  large  size,  possessing  a 
bitter  taste,  and  permanent  in  the  air.     It  contains  no  water  of  crystallization. 

Almost  insoluble  in  water  at  25°  C.  (77°  F.);  soluble  in  135  parts  of  alcohol, 
124  parts  of  ether,  and  in  2  parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  4000 
parts  of  water  at  80°  C.  (176°  F.)  and  in  17  parts  of  alcohol  at  60°  C.  (140°  F.); 
easily  soluble  in  benzene. 

Hydrastine  melts  at  131°  C.  (267.8°  F.). 

It  shows  an  alkaline  reaction  to  moistened  litmus-paper  and  is  laevogyrate. 

Sulphuric  acid  produces  a  yellow  color  when  added  to  Hydrastine,  and  on  heating 
a  purple  color  is  developed. 

Sulphuric  acid  containing  a  trace  of  molybdic  acid  gives  a  green  color,  changing 
to  oUve-green  and  then  to  brown;  nitric  acid  yields  a  reddish-yellow  color;  sulphuric 
acid  containing  a  trace  of  selenous  acid  gives  a  yellowish-red  color,  changing  to 
brown. 

Sulphuric  acid  containing  a  trace  of  potassium  dichromate  produces  a  red  color, 
changing  to  brown. 

If  a  crystal  of  Hydrastine  be  dissolved  in  diluted  sulphuric  acid  and  a  solution 
of  potassium  permanganate  (1  in  10)  be  added,  a  blue  fluorescence  will  be  devel- 
oped (distinction  from  hydrastinine) . 

Tests  for  Identity. — Given  above. 

Impurities. — Hydrastinine.     Details  above. 

Extraction. — A  decoction  of  hydrastis  is  made  with  water  con- 
taining acetic  acid.  This  is  evaporated  to  a  syrup  and  mixed  with 
three  volumes  of  20  per  cent,  sulphuric  acid.  This  causes  the  separa- 
tion of  the  crystals  of  bisulphate  of  berberine  (yellow  hydrastine). 
The  mother  liquor  is  made  alkaline  with  ammonia,  and  the  crude 
precipitated  hydrastine  is  purified  by  recrystallization  with  alcohol 
or  acetic  acid. 

Hydrastine,  on  treatment  with  oxidizing  agents  (diluted  nitric 
acid),  splits  into  hydrastinine  and  opianic  acid: 
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Hydrastine  occurs  in  handsome  white  crystals,  soluble  in  135 
parts  of  alcohol  and  insoluble  in  water.  It  is  largely  used  as  an 
astringent,  and  especially  in  gonorrheal  washes.  Unfortunately, 
two  articles  are  known  in  commerce  as  hydrastine,  the  white  crystals 
above  described,  which  are  quite  expensive,  and  the  so-called  yellow 
hydrastine,  which  is  nothing  less  than  berberine. 

Dose. — 10  milligrammes  (^  grain). 

Berberine  is  an  unofficial  alkaloid  obtained  from  Hydrastis  and  also  from  the  root  of 
Berberis  vulgaris;  hence  its  name.  To  all  these  drugs  it  transmits  its  characteristic 
yellow  color.  Its  structural  formula  is  similar  to  hydrastine,  although  even  more 
complex. 

Hydrastinine. — This  is  an  artificial  alkaloid  obtained  from  hydrastine  by  treat- 
ment with  appropriate  oxidizing  agents.  The  synthesis  of  hydrastinine  from 
piperonal  acetalamine  has  been  accomplished,  the  successive  stages  of  this  synthesis 
being  graphically  shown  below: 
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Methylene  dioxyisoquinoline. 
H     H 
C      C 

/O— C     C      N 

■  vy 

H     H 


Hydrohydrastinine. 
CH  CH2 

.0— C     C      NCI 

'^O— C      C      CH3 

H      H, 


Hydrastine. 
H 
C      CHO 


/O— C     C      NHCH3 

'^'<o-i    ii    in. 
W 

H      H, 


906  PRINCIPLES  OF  PHARMACY 

The  graphic  formula  for  hydrastinine  just  given,  which  adds  up  to  C11H13NO3, 
is  the  one  proposed  by  Eykman,  while  that  given  by  the  pharmacopoeia  under 
hydrastinine  hydrochloride  (CuHnNOa)  is  the  one  reported  by  Freund.  It  will  be 
seen  that  the  difference  between  hydrohydrastinine  and  hydrastinine  is  that,  in  the 
latter,  the  nitrogen  ring  of  the  isoquinoline  structure  is  broken. 

HYDRASTININiE  HYDROCHLORIDUM.  Hydrastinine  Hydrochloride. 

CuHiiNOj.HCl  =  223.88 
[Hydrastinine  Hydrochloras,  Pharm.  1890] 

The  hydrochloride  [HCl.CuHnNOj]  of  an  artificial  alkaloid  derived  from  hydras- 
tine.     It  should  be  kept  in  well-stoppered  bottles. 

Light  yellowish  needles,  or  a  yellowish-white,  crystalline  powder;  odorless  and 
having  a  bitter  taste. 

Very  soluble  in  cold  and  hot  water  and  in  alcohol;  soluble  in  286  parts  of  chloro- 
form and  1300  parts  of  ether  at  25°  C.  (77°  F.). 

Hydrastinine  Hydrochloride  melts  at  212°  C.  (413.6°  F.). 

Its  aqueous  solution,  especially  when  highly  diluted,  shows  a  blue  fluorescence 
and  is  neutral  to  litmus-paper.     On  ignition  the  salt  should  be  completely  consumed. 

In  an  aqueous  solution  of  the  salt  (1  in  20),  bromine  T.S.  produces  a  yellow  pre- 
cipitate, which  should  be  perfectly  soluble  in  ammonia  water,  forming  an  almost 
colorless  solution. 

In  an  aqueous  solution  of  the  salt,  potassium  dichromate  T.S.  produces  a  pre- 
cipitate which  redissolves  if  gently  heated,  but  on  cooling  the  solution  it  separates 
in  glistening  needles. 

If  ammonia  water  be  added  to  an  aqueous  solution  of  Hydrastinine  Hydro- 
chloride (1  in  20),  no  turbidity  should  be  produced. 

On  slowly  adding  to  a  solution  of  0.2  Gm.  of  the  salt  in  3  Cc.  of  water  4  to  5  drops 
of  a  solution  of  sodium  hydroxide  (1  in  7),  each  drop  will  cause  a  milky  turbidity, 
which  disappears  again  on  shaking.  From  this  solution,  after  standing  for  some 
time,  pure  white  hydrastinine  should  separate,  and  the  supernatant  fluid  should  be 
almost  colorless. 

With  a  crystal  of  the  salt,  sulphuric  acid  or  nitric  acid  produces  a  deep  yellow 
color;  sulphuric  acid  with  a  trace  of  nitric  acid,  a  reddish-brown  color;  sulphuric 
acid  with  a  crystal  of  ammonium  vanadate,  a  light  brown  color  changing  to  dark 
brown. 

Tests  for  Identity. — Given  above. 

Remarks. — It  is  worth  noting  that  an  aqueous  solution  of  this  salt 
gives  a  blue  fluorescence,  somewhat  similar  to  that  exhibited  by 
quinine.     It  is  used  as  a  uterine  astringent. 

Dose. — 30  milligrammes  (^  grain). 

Group  V. — Phenanthrene  Derivatives 

The  difficulty  of  making  a  clear-cut  definition  for  alkaloids  is  shown  in  the  case 
of  morphine  and  its  allied  opium  alkaloids.     The  definition  for  alkaloids  given  on 

{).  875  states  that  they  are  derivatives  of  pyridine,  quinoline,  or  allied  bodies,  and  yet 
atest  investigations  seem  to  show  that  morphine,  one  of  the  most  prominent  alkaloids, 
is  not  a  derivative  of  isoquinoline  as  long  supposed,  but  is  derived  from  phenan- 
threne, an  isomer^  of  anthracene,  and,  therefore,  containing  no  nitrogen.  The  graphic 
formula  of  phenanthrene  is — 
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and  the  nitrogen  of  morphine  is  supposed  to  be  in  a  characteristic  grouping  known  as 
the  morphinoline  ring: 

O 

CH, 

CH, 

\/ 

N 
H 

The  graphic  formula  of  morphine  is  supposed  to  be — 
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The  synthesis  of  morphine  has  not  yet  been  accomplished. 

MORPHINA.     Morphine. 

Ci.HisNOa  +  H2O  =  300.92 

An  alkaloid  obtained  from  Opium. 

Colorless  or  white,  shining,  rhombic  prisms,  or  fine  needles,  or  a  crystalline 
powder,  odorless  and  having  a  bitter  taste;  permanent  in  the  air.  It  loses  all  of  its 
water  of  crystallization  at  100°  C.  (212°  F.). 

Soluble  in  3330  parts  of  water,  100  parts  of  lime  water,  168  parts  of  alcohol, 
4464  parts  of  ether,  1800  parts  of  chloroform,  113.5  parts  of  amy!  alcohol,  and  in 
525  parts  of  acetic  ether  at  25°  C.  (77°  F.);  soluble  in  1040  parts  of  water  at  80°  C. 
(176°  F.)  and  in  76  parts  of  alcohol  at  60°  C.  (140°  F.);  insoluble  in  benzene. 

When  heated  to  about  200°  C.  (392°  F.)  it  assumes  a  brown  color,  and  then 
melts  at  254°  C.  (489.2°  F.).  Upon  ignition  it  is  slowly  consumed  without  leaving 
a  residue. 

Its  aqueous  solution  shows  an  alkaline  reaction  to  red  litmus-paper. 

Sulphuric  acid  (free  from  nitrous  compounds),  added  to  Morphine,  produces  no 
color  or  only  a  slight  yellowish  tint,  but  on  heating  a  brown  color  is  developed. 

Sulphuric  acid  containing  a  crystal  of  potassium  iodate  gives  with  Morphine 
a  dark  brown  color.  (Codeine  yields  a  moss-green  color,  changing  to  brown,  and 
narcotine  a  cherry-red  color.) 

Sulphuric  acid  containing  a  trace  of  selenous  acid  gives  with  Morphine  a  blue 
color,  changing  to  green  and  then  to  brown.  {Codein  yields  a  green  color,  changing 
to  blue,  and  afterward  to  grass-green;  narcotine  gives  a  green  color,  changing  to 
brown,  and  then  to  cherry-red.) 

Nitric  acid  produces  with  Morphine  an  orange-red  color,  fading  to  yellow  (dif- 
ference from  quinine).  Sulphuric  acid  containing  a  trace  of  molybdic  acid  gives  a 
purple  color,  changing  to  blue.  Sulphuric  acid,  containing  in  each  Cc.  one  drop  of 
solution  of  formaldehyde,  yields  an  mtense  purple  color. 

Mercuric  potassium  iodide  T.S.  produces  in  a  solution  of  Morphine  a  white 
gelatinous  precipitate. 

A  solution  of  sodium  phosphomolybdate  (1  in  20)  produces  in  solutions  of  Mor- 
phine a  yellow  precipitate  soluble  in  ammonia  water. 

Sulphuric  acid  containing  a  crystal  potassium  dichromate  gives  no  color  at 
first,  but  after  a  time  a  ^een  color  (absence  of  strychnine,  which  yields  a  purple 
color,  or  of  acetanUide,  which  gives  a  crimson  color,  changing  to  green). 

Morphine  solutions,  when  heated  with  an  aqueous  solution  of  potassium  ferri- 
cyanide  containing  a  drop  of  neutral  ferric  chloride  solution,  give  a  deep  blue  solution, 
from  which,  after  standing,  a  blue  precipitate  separates  (difference  from  codeine). 
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If  0.1  Gm.  of  Morphine  be  dissolved  in  10  Cc.  of  diluted  hydrochloric  acids,  no 
red  coloration  should  be  produced  by  the  addition  of  a  few  drops  of  ferric  chloride 
T.S.  (absence  of  mecoic  add  or  meconates). 

If  to  a  neutral  solution  of  Morphine  (1  in  100),  made  by  the  careful  addition  of 
diluted  sulphuric  acid,  a  few  drops  of  ferric  chloride  T.S.  be  added,  a  blue  color  will 
be  produced,  which  is  destroyed  by  acids,  alcohol,  or  by  heating. 

On  adding  4  Cc.  of  potassium  hydroxide  T.S.  to  0.2  Gm.  of  Morphine,  a  clear, 
colorless  solution,  free  from  any  undissolved  residue,  should  result  (absence  of,  and 
difference  from,  various  other  alkaloids),  and  no  odor  of  ammonia  should  be  noticeable 
(absence  of  ammonium  salts). 

Tests  for  Identity. — Given  above. 

Impurities. — Codeine,  narcotine,  quinine,  strychnine,  acetanilide, 
meconic  acid,  other  alkaloids,  and  ammonium  salts.     Details  above. 

Extraction. — An  infusion  of  opium  is  concentrated,  and  then  made 
alkaline  with  sodium  carbonate.  The  precipitate  is  washed  with 
water  to  remove  excess  of  alkali;  with  alcohol,  to  remove  lesser 
alkaloids,  color,  etc.;  and  then  treated  with  diluted  acetic  acid, 
which  dissolves  the  morphine  and  leaves  the  narcotine.  The  mor- 
phine is  then  precipitated  from  the  acid  solution  by  addition  of 
ammonia  water. 

Remarks. — Morphine  is,  with  the  possible  exception  of  quinine, 
the  most  important  of  the  alkaloids.  It  is  also  interesting  as  being 
the  first  alkaloid  to  be  isolated,  its  separation  from  opium  being 
accomplished  by  Sertiirner,  an  apothecary  of  Eimbeck,  in  1804. 

Important  points  in  the  tests  just  given  are:  The  color  produced 
by  the  alkaloid  in  combination  with  sulphuric  acid  and  potassium 
iodate  and  the  blue-green-brown  color-play  produced  by  action  of 
morphine  on  sulphuric  acid  and  selenous  acid.  These  tests  distin- 
guish morphine  from  the  other  opium  alkaloids. 

Morphine,  when  sprinkled  upon  concentrated  nitric  acid,  gives 
a  red  color  similar  to  brucine.  The  reaction,  however,  differs  from 
the  brucine  reaction  by  being  less  permanent,  and  rs  of  value,  dis- 
tinguishing morphine  from  quinine. 

Morphine  differs  from  most  other  alkaloids  by  being  soluble  in 
potassa  and  soda,  other  alkaloids  being  precipitated  from  solution 
by  addition  of  alkalis.  It  is  used  like  opium  as  a  hypnotic  and 
sedative. 

Dose. — 10  milligrammes  (^  grain). 

Morphine  is  official  in  the  form  of  the  free  alkaloid,  also  as  acetate, 
hydrochloride,  and  the  sulphate. 

MORPHINiE   ACETAS.     Morphine  Acetate. 

CitHibNOj.CjHA  +  SHjO  =  396.26 

The  acetate  [CHgCOOH.C^HigNOg+SHjO]  of  the  alkaloid  morphine  should  be 
kept  in  well-stoppered,  dark  amber-colored  vials;  a  minute  quantity  of  free  acetic 
acid  should  be  present  to  prevent  decomposition. 

A  white  or  yellowish-white,  crystalline  or  amorphous  powder,  having  a  faintly 
acetous  odor  and  a  bitter  taste.  It  gradually  loses  acetic  acid  when  exposed  to  air 
and  becomes  less  soluble  in  water. 

Soluble  in  2.25  parts  of  water,  21.6  parts  of  alcohol,  480  parts  of  chloroform, 
and  in  5.2  parts  of  glycerin  at  25°  C.  (77°  F.);  soluble  in  2  parts  of  water  at  80°  C. 
(176°  F.)  and  in  2.5  parts  of  alcohol  at  60°  C.  (140°  F.);  insoluble  in  ether. 

When  heated,  the  salt  loses  water  and  acetic  acid,  and  melts  at  about  200°  C. 
(392°  F.).     When  ignited,  it  is  consumed  completely,  leaving  no  residue. 
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The  addition  of  diluted  ammonia  water  in  slight  excess  to  an  aqueous  solution  of 
Morphine  Acetate  causes  a  white  precipitate,  which,  when  collected  and  washed, 
should  conform  to  the  reactions  and  tests  given  under  Mojrphina. 

On  adding  sulphuric  acid  to  the  salt,  vapors  of  acetic  acid  are  evolved. 

Ferric  chloride  T.S.  produces,  in  neutral  aqueous  solutions  of  the  salt,  a  blue 
color,  destroyed  by  acids,  alcohol,  or  by  heating. 

The  color  tests  for  the  identification  of  Morphine  Acetate  and  those  showing  the 
absence  of  impurities  are  identical  with  those  described  under  Morphina. 

Tests  for  Identity. — Given  above. 
Dose. — 15  milligrammes  ({  grain). 

MORPHINJE  HYDROCHLORIDUM.     Morphine  Hydrochloride. 

CnHisNOj.HCl  +  SHjO  =  372.86 
[MoRPHiNiE  Hydrochloras,  Pharm.  1890] 

The  hydrochloride  [HCLC^HieNOj  +  SHjO]  of  the  alkaloid  morphine  should  be 
kept  in  well-stoppered,  amber-colored  vials. 

White,  silky,  glistening  needles  or  microcrystalline  cubes,  or  a  white,  crystal- 
line powder,  odorless,  and  having  a  bitter  taste;  permanent  in  the  air.  It  loses  its 
water  of  crystallization  at  100°  C.  (212°  F.). 

Soluble  in  17.2  parts  of  water  and  in  42  parts  of  alcohol  at  25°  C.  (77°  F.); 
soluble  in  0.5  part  of  water  at  80°  C.  (176°  F.)  and  in  35.5  parts  of  alcohol  at  60°  C. 
(140°  F.);  insoluble  in  ether  and  in  chloroform. 

When  heated  to  250°  C.  (482°  F.)  it  assumes  a  brown  color,  and  on  higher  heat- 
ing, chars  without  melting.     On  ignition,  it  is  slowly  consumed,  leaving  no  residue. 

Its  aqueous  solution  is  neutral  to  litmus-paper. 

On  shaking  an  aqueous  solution  of  the  salt  with  diluted  ammonia  water  in  slight 
excess,  a  crystalline  precipitate  is  formed,  which,  when  collected  and  washed,  should 
respond  to  all  tests  and  reactions  given  under  Morphina. 

Silver  nitrate  T.S.  produces  a  white  precipitate,  insoluble  in  nitric  acid. 

Ferric  chloride  T.S.  produces,  in  neutral  aqueous  solutions  of  the  salt,  a  blue  color, 
which  is  destroyed  by  acids,  alcohol,  or  by  heating. 

On  adding  potassium  carbonate  T.S.  to  a  solution  of  the  salt  (1  in  30),  a  white 
precipitate  should  be  formed,  which  should  dissolve  in  chloroform  without  color 
(absence  of  apomorphine). 

The  color  tests  for  the  identification  of  Morphine  Hydrochloride  and  those  show- 
ing the  absence  of  impurities  are  identical  with  those  described  under  Morphina. 

Tests  for  Identity. — Given  above. 
Impurity. — Apomorphine.     Details  above. 
Dose. — 15  milligrammes  {\  grain). 

MORPHINE   SULPHAS.     Morphine  Sulphate. 

(C„H„N03)2.H2SO,  +  SH^O  =  752.83 

The  sulphate  [803(011)2.  (Ci7Hi9N03)2  +  5H20]  of  the  alkaloid  morphine  should 
be  kept  in  well-stoppered,  amber-colored  vials. 

White,  feathery,  acicular,  silky  crystals,  or  in  cubical  masses,  odorless,  permanent 
in  the  air,  and  having  a  bitter  taste.  It  loses  three  molecules  of  water  of  crystal- 
lization at  100°  C.  (212°  F.)  and  the  remaining  two  at  130°  C.  (266°  F.). 

Soluble  in  15.3  parts  of  water  and  in  465  parts  of  alcohol  at  25°  C.  (77°  F.); 
soluble  in  0.6  part  of  water  at  80°  C.  (176°  F.)  and  in  187  parts  of  alcohol  at  60°  C. 
(140°  F.);  insoluble  in  ether  and  chloroform. 

When  heated  to  about  250°  C.  (482°  F.)  the  salt  assumes  a  brown  color,  and 
then  chars  without  melting.  When  ignited,  it  is  very  slowly  consumed,  leaving  no 
residue. 

Its  aqueous  solution  is  neutral  to  litmus-paper. 

On  adding  a  dilute  solution  of  ammonia  water  in  slight  excess  to  its  aqueous 
solution,  and  vigorously  shaking  the  liquid,  a  precipitate  is  formed  which,  when 
collected  and  washed,  should  respond  to  all  the  tests  and  reactions  given  under 
Morphina. 


910  PRINCIPLES   OF  PHARMACY 

Barium  chloride  T.S.  produces  a  white  precipitate,  insoluble  in  hydrochloric 
acid. 

Ferric  chloride  T.S.,  when  added  to  neutral  aqueous  solutions  of  the  salt,  pro- 
duces a  blue  color,  which  is  destroyed  by  acids,  alcohol,  or  by  heating. 

The  color  tests  for  the  identification  of  Morphine  Sulphate,  and  those  showing 
the  absence  of  impurities,  are  identical  with  those  described  under  Morphina. 

Tests  for  Identity. — Given  above. 

Remarks. — All  three  of  these  morphine  salts  are  used  like  the 
alkaloid.     Of  them,  the  sulphate  is  the  most  largely  used. 

Magendie's  solution  is  an  aqueous  solution  of  morphine  sulphate, 
16  grains  to  the  fluidounce.  Syrup  of  Morphine,  N.  F.,  1  grain 
morphine  to  the  fluidounce,  is  used  in  the  south,  where  a  mixture 
of  equal  quantities  of  the  syrups  of  squill,  tolu,  morphine,  and  ipecac 
is  prescribed  as  ^'four  syrups,"  or  " syrupus  quatuor." 

Dose. — Of  all  the  morphine  salts,  15  milligrammes  (|  grain). 

Heroine. — This  is  a  diacetic  acid  ester  of  morphine,  prepared  from  morphine 
by  the  replacing  of  its  two  hydroxyls  groups  by  acetyl  groups.  It  is  supposed  to  be 
preferable  to  morphine  because  devoid  of  evil  after-effects,  but  how  much  of  this  is 
due  to  the  judicious  advertising  of  the  manufacturer  remains  to  be  seen.  In  fact, 
although  in  use  for  only  a  few  years,  we  have  already  heard  of  heroine  fiends.  It  is 
given  as  a  hypnotic  as  a  substitute  for  morphine  in  doses  of  from  5  to  10  milligrammes. 

Apomorphine. — This  interesting  artificial  alkaloid  is  prepared  by  heating 
morphine  with  concentrated  hydrochloric  acid  in  sealed  tutses  to  150  C.  The 
sealed  tubes  in  this  case  are  tubes  of  glass  about  a  quarter  of  an  inch  thick  and  three 
feet  long,  originally  in  the  shape  of  an  ordinary  test-tube.  The  ingredients  are 
placed  in  this  tube,  and  then  the  upper  portion  is  drawn  to  a  fine  point  by  heating 
in  a  blast  lamp  flame.  In  this  way  the  ingredients  are  sealed  within  the  walls  of 
glass.  This  tube  is  then  wrapped  up  in  paper  and  placed  within  an  iron  tube, 
stopped  at  one  end  with  an  appropriate  cap.  This  tube  is  then  placed  in  a  suitable 
oven  and  is  heated  for  the  requisite  time,  and  after  cooling  for  a  time  the  sealed  tip 
is  opened  cautiously  to  permit  the  escape  of  the  compressed  gases,  and  is  finally 
broken  by  cutting  with  a  glass  file. 

The  formula  for  apomorphine  differs  from  that  of  morphine  simply  by  the  loss 
of  one  molecule  of  water,  which  is  removed  by  the  action  of  concentrated  hydrochloric 
acid,  as  mentioned  above.     It  is  supposed  to  be: 
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APOMORPHINE  HYDROCHLORIDUM.  Apomorphine  Hydrochloride. 

CijHi.NO^.HCl  =  301.34 

[Apomorphine  Hydrochloras,  Pharm.  1890] 

The  hydrochloride  [HCI.C17H17NO2]  of  an  alkaloid  prepared  from  morphine  by 
the  abstraction  of  one  molecule  of  water.  It  should  be  kept  in  small,  dark  amber- 
colored  vials,  which  have  been  previously  rinsed  with  diluted  hydrochloric  acid  and 
dried. 
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Minute  grayish-white  monoclinic  prisms,  glistening,  odorless,  having  a  slightly 
bitter  taste  and  acquiring  a  greenish  tint  upon  exposure  to  light  and  air. 

Soluble  in  39.5  parts  of  water,  38.2  parts  of  alcohol,  1864  parts  of  ether,  and  in 
3800  parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  16  parts  of. water  at  80°  C. 
(176°  F.)  and  in  30  parts  of  alcohol  at  60°  C.  (140°  F.). 

The  salt  decomposes  between  200°  and  210°  C.  (392°  and  410°  F.)  and  melts 
at  263°  C.  (507°  F.). 

The  aqueous  solution  shows  a  neutral  reaction  with  litmus-paper. 

If  the  salt  imparts  at  once  an  emerald-green  color  to  100  parts  of  water  on  being 
shaken  with  it  a  few  times  in  a  test-tube,  it  should  be  rejected. 

Apomorphine  Hydrochloride  is  not  colored  when  treated  with  sulphuric  acid; 
with  nitric  acid  a  deep  purple  color  fading  to  orange  is  produced;  with  sulphuric 
acid  containing  a  trace  of  selenous  acid,  a  dark  blue  color,  fading  to  violet,  and  then 
turning  black;  with  sulphuric  acid  containing  a  trace  of  nitric  acid,  a  blood-red  color, 
fading  to  orange;  with  sulphuric  acid  containing  a  trace  of  ferric  chloride,  a  pale  blue 
color;  with  sulphuric  acid  containing  a  trace  of  ammonium  vanadate,  a  violet-blue 
color,  changing  to  deep  greenish-blue;  with  sulphuric  acid  containing  a  little  paralde- 
hyde, a  green  color,  fading  to  reddish-brown;  with  sulphuric  acid  containing  potassium 
iodate,  a  black  color,  changing  to  brown,  and  finally  to  pale  brown. 

If  sulphuric  acid  be  added  to  a  crystal  of  Apomorphine  Hydrochloride  and  a 
crystal  of  potassium  nitrate,  the  latter  is  colored  red,  and  on  stirring  with  a  glass 
rod  the  solution  becomes  green,  then  blue,  then  purple,  and  finally  cherry-red. 
Acetic  acid  dissolves  the  salt  without  color,  but  on  adding  a  trace  of  potassium  iodate, 
the  solution  turns  blood-red,  changes  to  purple,  and  on  adding  a  little  ether  and 
shaking,  the  latter  assumes  a  blue  color. 

Gold  chloride  T.S.  produces  a  reddish-purple  precipitate  in  a  solution  of  the  salt. 
Diluted  ferric  chloride  T.S.  colors  Apomorphine  Hydrochloride  solution  red  (dis- 
tinction from  morphine,  which,  by  the  same  test,  is  colored  blue). 

Silver  nitrate  T.S.  added  to  the  aqueous  solution  of  the  salt  throws  down  a 
white  precipitate,  insoluble  in  nitric  acid,  soon  turning  black  by  reduction  to  metallic 
silver,  and  instantly  reduced  by  the  addition  of  ammonia  water. 

If  0.05  Gm.  of  the  salt  be  shaken  with  a  solution  made  by  dissolving  0.05  Gm. 
of  ferrous  sulphate  in  10  Cc.  of  water,  the  solution  will  gradually  turn  blue  and  then 
black;  upon  the  addition  of  some  alcohol  the  solution  resumes  its  blue  color  (differ- 
ence from  codeine,  morphine,  narceine,  and  narcotine). 

Tests  for  Identity. — Given  above. 

Impurities. — Morphine,  codeine,  narceine,  and  narcotine.  Details 
above. 

Remarks. — Apomorphine  hydrochloride  dissolves  in  water  in  a 
colorless  solution,  but  on  standing  it  changes  to  a  greenish  tint.  The 
nature  of  the  decomposition  is  not  yet  fully  understood,  but  is  worth 
bearing  in  mind  in  prescription  practice.  This  alkaloid  salt  is  emetic, 
being  of  particular  value  employed  hypodermically  in  cases  of 
attempted  suicide  by  poisoning. 

Dose. — Expectorant,  2  milligrammes  (-gV  grain);  emetic,  5  milli- 
grammes (iV  grain). 

CODEINA.     Codeine. 

CigHjiNOj  +  HjO  =  314.83 

An  alkaloid  [C„H,8(CH3)N03  +  H20]  obtained  from  Opium,  or  prepared  from 
morphine  by  methylation.  It  should  be  kept  in  well-stoppered,  amber-colored 
vials. 

White  or  nearly  translucent,  orthorhombic  prisms,  octahedral  crystals,  or  a 
crystalline  powder;  odorless  and  having  a  faintly  bitter  taste;  slightly  efflorescent 
in  warm  air. 

Soluble  in  88  parts  of  water,  1.6  parts  of  alcohol,  12.5  parts  of  ether,  and  0.66  part 
of  chloroform  at  25°  C.  (77°  F.);  soluble  in  59  parts  of  water  at  80°  C.  (176°  F.) 
and  in  0.92  part  of  alcohol  at  60°  C.  (140°  F.). 
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At  100°  C.  (212°  F.)  it  loses  its  water  of  crystallization  and  melts  at  154.9°  C. 
(310.8°  F.).  When  heated  in  an  insufficient  amount  of  water  for  complete  solution, 
it  melts  to  oily  drops,  which  crystallize  on  cooling.  It  leaves  no  residue  on  incinera- 
tion. 

Its  aqueous  solution  is  alkaline  to  litmus-paper  and  is  Isevogyrate. 

Sulphuric  acid  (free  from  nitrous  compounds)  produces  either  no  color  or  a 
slight  pinkish  tint,  which  disappears  within  two  minutes,  but  on  heating  a  violet 
color  is  developed.  (The  presence  of  nitrous  compounds  causes  a  pink  color  in  the 
cold.) 

Sulphuric  acid  containing  a  trace  of  ferric  chloride  produces  with  Codeine  a 
violet-blue  color;  sulphuric  acid  heated  with  a  drop  of  nitric  acid  added  gives  a 
blood-red  color;  sulphuric  acid  containing  a  trace  of  selenous  acid  produces  a  green 
color,  changing  rapidly  to  blue,  and  then  slowly  back  to  grass-green  (with  morphine 
it  gives  a  blue  color,  changing  to  green,  and  then  to  brown) ;  sulphuric  acid  and  Codeine 
develop  no  color,  but  on  adding  a  drop  of  solution  of  formaldehyde  a  violet-blue  color 
is  produced  (morphine  giving  an  intense  purple  color). 

On  dissolving  a  small  crystal  of  potassium  ferricyanide  in  10  Cc.  of  water,  adding 
1  drop  of  ferric  chloride  T.S.,  and  then  1  Cc.  of  Codeine  solution  (1  in  100),  no  blue 
color  should  be  produced  at  once  (absence  of  morphine). 

If  1  drop  of  a  diluted  nitric  acid  solution  (1  drop  in  200  Cc.  of  water)  be  added  to 
a  solution  0.03  Gm.  of  Codeine  in  2  Cc.  of  sulphuric  acid,  a  bluish-red  tint,  gradually 
changing  to  blue,  will  be  developed. 

On  sprinkling  0.05  Gm.  of  Codeine  upon  2  Cc.  of  nitric  acid  (sp.  gr.  1.200)  the 
crystals  will  turn  red,  but  the  acid  will  acquire  only  a  yellow  color  (difference  from, 
and  absence  of,  morphine). 

Tests  for  Identity. — Given  above. 

Impurity. — Morphine.     Details  above. 

Extraction. — The  aqueous  infusion  of  opium  is  concentrated  and 
treated  with  calcium  chloride,  which  holds  the  alkaloids  in  solu- 
tion as  hydrochlorides,  while  the  meconic  acid,  color,  etc.,  are  pre- 
cipitated. The  filtrate  is  concentrated,  when  the  hydrochlorides  of 
codeine  and  morphine  crystallize.  The  mixed  salts  are  redissolved 
in  water  and  the  solution  made  alkaline  with  ammonia,  which  pre- 
cipitates the  morphine.  The  filtrate  on  concentration  yields  crystals 
of  codeine  hydrochloride,  and  the  free  alkaloid  is  obtained  from  this 
by  treatment  with  potassa.  The  above  process  is  also  another  of  the 
many  methods  for  obtaining  morphine  from  opium. 

Remarks. — Codeine  is  another  of  the  numerous  alkaloids  found  in 
opium,  and  can  be  obtained  synthetically  by  treatment  of  morphine 
with  potassium  hydrate  and  methyl  iodide.  This  synthesis  and 
other  investigations  show  that  it  is  methyl  ether  of  morphine. 

Characteristic  reactions  of  codeine  are,  as  of  many  alkaloids 
already  studied,  the  behavior  of  the  substance  with  concentrated 
sulphuric  acid  and  various  oxidizing  or  reducing  agents,  such  as 
nitric  acid,  ferric  chloride,  selenous  acid,  and  formaldehyde.  These 
tests  are  of  value  in  distinguishing  codeine  from  morphine,  as  is  also 
the  fact  that  codeine  turns  yellow  with  nitric  acid  and  not  red,  as  does 
morphine. 

CODEINE   PHOSPHAS.     Codeine  Phosphate. 

C18H21NO3.H3PO,  +  2H2O  =  430.0 

_  The  phosphate  [PO(OH)3(CijHi8(CH3)N03)-h2HjO]  of  an  alkaloid  obtained  from 
Opium,  or  prepared  from  morphine  by  methylation.  It  should  be  kept  in  well- 
stoppered,  amber-colored  vials. 

Fine,  white,  needle-shaped  crystals,  or  a  crystalline  powder,  without  odor  and 
having  a  bitter  taste.  It  frequently  crystallizes  with  one  and  a  half  molecules  of 
water  of  crystallization. 
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Soluble  in  2.25  parts  of  water,  261  parts  of  alcohol,  1340  parts  of  ether,  and  in 
6620  parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  0.46  part  of  water  at  80°  C. 
(176°  F.)  and  in  97  parts  of  alcohol  at  60°  C.  (140°  F.)- 

At  100°  C.  (212°  F.)  it  loses  all  of  its  water  of  crystallization;  above  200°  C. 
(392°  F.)  it  becomes  darker  in  color,  and  at  235°  C.  (455°  F.)  melts  to  a  brown  liquid, 
which  rapidly  volatilizes. 

Its  aqueous  solution  reddens  blue  litmus-paper. 

If  0.2  Gm.  of  Codeine  Phosphate  be  dissolved  in  5  Cc.  of  water  and  3  Cc.  of 
potassium  hydroxide  T.S.,  and  the  solution  shaken  out  successively  with  three 
portions  of  chloroform  (5  Cc.  each),  the  combined  chloroformic  solutions,  evaporated 
to  dryness  in  a  tared  dish,  should  yield  not  less  than  0.13  Gm.  of  codeine. 

Tests  for  Identity. — Physical  tests.     See  above.     Tests  for  codeine. 
See  Codeine.     Tests  for  phosphate.     Details  in  Part  V. 
Impurity. — Morphine.     For  details,  see  Codeine. 
Assay. — Codeine,  65  per  cent.     Details  above. 

CODEINE   SULPHAS.     Codeine  Sulphate. 

(CigH,iN03)2.H2S04  +  5H2O  =  780.65 

The  sulphate  [S03(OH)2.(C„Hig(CH3)N03)2  +  5H20]  of  an  alkaloid  obtained  from 
Opium,  or  prepared  from  morphine  by  methylation.  It  should  be  kept  in  well- 
stoppered,  amber-colored  vials. 

Long,  ghstening,  white,  needle-shaped  crytals,  rhombic  prisms,  or  a  crystalline 
powder  efflorescing  in  the  air,  odorless  and  having  a  bitter  taste. 

Soluble  in  about  30  parts  of  water  and  1035  parts  of  alcohol  at  25°  C.  (77°  F.); 
insoluble  in  chloroform  and  ether;  soluble  in  6.25  parts  of  water  at  80°  C.  (176°  F.) 
and  in  340  parts  of  alcohol  at  60°  C.  (140°  F.). 

The  salt  loses  its  water  of  crystallization  at  100°  C.  (212°  F.);  chars,  decomposes, 
and  partially  volatilizes  above  200°  C.  (392°  F.),  without  melting;  the  residue  melts 
at  about  278°  C.  (532.4°  F.). 

Its  aqueous  solution  is  neutral  to  litmus-paper. 

Tests  for  Identity. — Physical  tests.  Given  above.  Tests  for 
codeine.     See  Codeine.     Tests  for  sulphates.     Details  in  Part  V. 

Impurity. — Morphine.     Details,  see  Codeine. 

The  uncombined  alkaloid,  as  well  as  the  phosphate  and  the  sulphate, 
are  official,  and  these  are  used  as  sedatives  in  cough-mixtures  and  the 
like,  being  administered  in  much  larger  doses  than  is  morphine  and 
its  salts — one-half  grain  being  considered  as  a  safe  dose  of  any  of 
three  official  forms. 

Dose. — Of  all  three,  30  milligrammes  (^  grain). 

Group  VI. — Alkaloids  Whose  Structure  is  Little  Understood 

Physostigmine. — The  structure  of  this  alkaloid  has  not  been 
sufficiently  studied  to  make  it  clearly  understood. 

A  characteristic  reaction  of  physostigmine  is  the  red-blue  color- 
play  produced  when  its  ammonium  hydroxide  solution  is  evaporated 
on  a  water-bath  and  acidified  with  acetic  acid;  as  well  as  the  color 
produced    with    nitric    acid. 

The  alkaloid  is  extracted  from  calabar  bean  by  extracting  same 
in  fine  powder  with  warm  alcohol  containing  0.1  per  cent,  tartaric 
acid.  The  alcohol  is  distilled  from  the  tincture,  the  residue  treated 
with  water,  the  filtrate  shaken  with  ether  to  remove  color,  and  then 
made  alkaline  with  sodium  bicarbonate,  and  again  shaken  out  with 
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ether,  which  this  time  extracts  the  free  alkaloid,  which  is  obtained 
by  evaporation  of  the  ethereal  solution. 

Physostigmine,  or  eserine,  as  it  is  sometimes  called,  is  recognized 
by  the  pharmacopoeia  in  the  form  of  salicylate  and  sulphate. 

PHYSOSTIGMINE  SALICYLAS.     Physostigmine  Salicylate. 

CisH^iNjO^.C^HeOa  =  410.21 

The  salicylate  [C6H,(OH)COOH.Ci5H2iN302]  of  an  alkaloid  obtained  from  Phy- 
sostigma.     It  should  be  kept  in  small,  dark  amber-colored,  well-stoppered  vials. 

Colorless  or  faintly  yellowish,  shining  acicular,  or  short  columnar  crystals; 
odorless  and  having  a  slightly  bitter  taste.  It  should  be  tasted  with  great  caution. 
It  acquires  a  reddish  tint  when  long  exposed  to  light  and  air. 

Soluble  in  72.5  parts  of  water,  12.7  parts  of  alcohol,  175  parts  of  ether,  and  in 
8.6  parts  of  chloroform  at  25°  C.  (77°  F.);  soluble  in  15  parts  of  water  at  80°  C.  (176° 
F.)  and  in  4  parts  of  alcohol  at  60°  C.  (140°  F.). 

When  heated,  Physostigmine  Salicylate  begins  to  soften  and  turn  slightly  yellow 
at  160°  C.  (320°  F.)  and  melts  at  178.9°  C.  (354°  F.).  It  leaves  no  residue  on  in- 
cineration. 

Its  aqueous  solution  shows  an  acid  reaction  to  htmus-paper,  and  upon  standing 
twenty-four  hours  the  solution  acquires  a  pink  color. 

Ferric  chloride  T.S.  produces,  in  an  aqueous  solution  of  Physostigmine  Sali- 
cylate, a  deep  violet  color;  a  solution  of  chlorinated  lime  added  to  the  aqueous  solution 
produces  a  red  color. 

On  evaporating  an  aqueous  solution  of  the  salt  to  dryness  with  a  few  drops  of 
ammonia  water,  a  blue  residue  is  produced,  which  is  soluble  in  alcohol,  and  when 
so  dissolved,  yields  a  red  fluorescent  solution  upon  the  addition  of  acetic  acid  in 
excess. 

An  aqueous  solution  of  the  salt  is  colored- cherry-red  by  the  addition  of  potas- 
sium hydroxide  T.S.,  changing  to  a  darker  red,  and  finally  to  green. 

Platinic  chloride  T.S.  produces  no  precipitate  in  solutions  of  the  salt  (distinction 
from  physostigmine  svlphate). 

Sulphuric  acid,  containing  in  each  Cc.  1  drop  of  solution  of  formaldehyde,  gives 
with  Physostigmine  Salicylate  a  bright  pink  color;  sulphuric  acid  with  a  few  particles 
of  cane-sugar  produces  a  yellow  color,  turning  to  brown,  then  to  purple,  and  finally 
to  greenish-black. 

If  0.005  Gm.  of  the  salt  be  dissolved  in  nitric  acid,  a  yellow  solution  results, 
which,  on  being  heated,  changes  to  an  orange-color,  then  to  blood-red,  and  on 
evaporation  to  dryness  yields  a  green  residue.  When  exposed  to  the  fumes  of  nitric 
acid  this  residue  becomes  violet-blue,  and  when  a  drop  of  nitric  acid  is  added  to  it, 
it  forms  a  reddish-violet  solution,  which  soon  changes  to  blood-red,  and  finally, 
on  standing,  or  on  dilution,  becomes  greenish-yellow. 

Tests  for  Identity. — Given  above. 

Impurity. — Physostigmine  sulphate.     Details  above. 

PHYSOSTIGMINE   SULPHAS.     Physostigmine  Sulphate. 

(Ci5H2iN302)2.H2SO,  =  643.75 

The  sulphate  [S02(OH)2.(Cj5H2iN302)2]  of  an  alkaloid  obtained  from  Physostigma. 
It  should  be  kept  in  well-stoppered,  dark  amber-colored  vials. 

A  white  or  yellowish-white,  micro-crystaUine  powder,  odorless,  and  having  a 
bitter  taste.  It  should  be  tasted  with  great  caution.  It  is  very  deliquescent  and 
gradually  turns  reddish  by  exposure  to  air  and  light. 

Very  soluble  in  water,  alcohol,  and  chloroform;  soluble  in  1200  parts  of  ether  at 
25°  C.  (77°  F.). 

When  heated  to  130°  C.  (266°  F.)  the  salt  becomes  soft,  and  melts  at  about 
140°  C.  (284°  F.).     Upon  ignition,  it  is  slowly  consumed,  leaving  no  residue. 

Its  aqueous  solution  shows  an  acid  reaction  to  blue  litmus-paper. 

Barium  chloride  T.S.  produces  in  an  aqueous  solution  of  the  salt  a  white  pre- 
cipitate, which  is  insoluble  in  hydrochloric  acid. 

An  aqueous  solution  of  Physostigmine  Sulphate  yields,  with  alkalies,  a  white 
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precipitate,  which  quickly  turns  pink,  and  dissolves  in  an  excess  of  the  alkali,  forming 
a  pink  red  solution,  which  soon  fades  to  yeUowish-green. 

Gold  chloride  T.S.  gives  with  aqueous  solutions  of  the  salt  a  purple  color. 

Platinic  chloride  T.S.  produces  in  aqueous  solutions  of  the  salt  a  yellowish- 
white  precipitate  (distinction  from  physostigmine  salicylate). 

Sulphuric  acid  with  Physostigmine  Sulphate  yields  only  a  faint  yellow  color. 

Sulphuric  acid  contaimng  a  crystal  of  potassium  iodate,  on  being  added  to  a 
crystal  of  the  salt,  gives  a  light  purple  color,  immediately  changing  to  yellowish- 
red. 

Tests  for  Identity. — Given  above.  Nitric  acid  test.  See  physos- 
tigmine salicylate. 

Impurity. — Physostigmine  salicylate.     Details  above. 

Remarks. — Both  of  these  salts  of  physostigmine  are  very  deliques- 
cent, and  the  pharmacist  is  warned  against  buying  even  so  small  a 
quantity  as  a  gramme  unless  the  whole  quantity  is  to  be  dispensed 
at  one  time;  nor  is  it  advisable  to  keep  the  physostigmine  salts  in 
solution,  as  the  originally  colorless  solution  turns  a  dark  red.  One 
of  the  largest  manufacturers  of  alkaloids  now  dispenses  physostigmine 
in  one-grain  tubes,  which  are  sealed  by  a  blow-pipe,  thus  precluding 
all  contact  with  the  atmosphere.  Such  is  the  only  way  that  the 
pharmacist  should  keep  eserine  in  stock. 

Physostigmine  salts  are  used  almost  entirely  as  mioptics — that  is, 
for  producing  contraction  of  the  pupil  of  the  eye.  If  given  internally, 
they  are  used  as  tonics. 

Dose. — Of  both  salts,  1  milligramme  (^5  grain). 

ACONITINA.     Aconitine. 
C3,H„N0„  =  640.55 

An  alkaloid  obtained  from  Aconite.  It  should  be  kept  in  amber-colored,  weU- 
etoppered  vials. 

Colorless  or  white  rhombic  tables  or  prisms,  possessing  no  odor,  permanent  in 
the  air,  and  producing,  in  extremely  diluted  solutions,  a  characteristic  tingling  sen- 
sation when  brought  in  contact  with  the  mucous  siirfaces  of  the  tongue  or  lips. 
The  alkaloid  itself  should  never  be  tasted,  and  its  solutions  only  when  largely  diluted, 
and  then  with  the  utmost  caution. 

Soluble  in  3200  parts  of  water,  22  parts  of  alcohol,  44  parts  of  ether,  5.6  parts 
of  benzene,  and  3580  parts  of  petroleum  benzin  at  25°  C.  (77°  F.);  also  very  soluble 
in  chloroform. 

When  heated  rapidly,  Aconitine  melts  at  195°  C.  (383°  F.);  when  heated  slowly, 
decomposition  takes  place,  and  it  melts  at  182°  C.  (359.6°  F.).  Upon  ignition,  it 
is  consumed  without  leaving  a  residue. 

Aconitine  solutions  have  an  alkaline  reaction  upon  Utmus  and  are  laevogyrate. 

Aconitine,  when  dropped  upon  sulphuric  or  nitric  acids,  should  produce  no  color, 
but  if  rubbed  with  sulphuric  acid  containing  a  crystal  of  ammonium  vanadate,  an 
orange  color  is  produced. 

Dilute  solutions  of  Aconitine  yield  precipitates  with  mercuric  potassium  iodide 
T.S.,  tannic  acid  T.S.,  and  gold  chloride  T.S.,  but  only  concentrated  solutions  yield 
precipitates  with  platinic  chloride  T.S.,  mercuric  chloride  T.S.,  and  picric  acid  T.S. 

On  evaporating  0.01  Gm.  of  Aconitine  with  5  drops  of  fuming  nitric  acid,  the 
resulting  yellow  residue,  when  cooled,  should  not  yielcf  a  violet  color  when  tr  ated 
with  alcohoUc  potassium  hydroxide  T.S.  (difference  from  psevdaconitine  and 
atropine). 

Any  soluble  salt  of  Aconitine  in  dilutions  of  1  in  1000  produces,  with  a  drop  of 
potassimn  permanganate  T.S.,  a  blood-red  precipitate  of  aconitine  permanganate. 
Aconitine  containing  decomposition  products  (amorphous  Aconitine)  produces  this 
precipitate  only  in  solutions  containing  not  lesS  than  1  in  200.  (Cocaine,  hydrastine, 
and  papaverine  also  yield  similar  precipitates,  but  only  when  in  more  concentrated 
solutions.) 
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Tests  for  Identity. — Given  above. 

Impurities. — Pseudaconitine  and  atropine.     Details  above. 

Extraction. — Powdered  aconite  is  exhausted  with  amyl  alcohol 
and  the  percolate  shaken  out  with  1  per  cent,  sulphuric  acid.  The 
acid  solution  is  freed  from  resin  by  shaking  with  chloroform,  and  is 
then  made  alkaline  with  sodium  carbonate  and  shaken  out  with  ether. 

The  crude  alkaloid  obtained  by  evaporation  of  the  ethereal  solution 
is  purified  by  recrystallization  from  hydrochloric  acid  solution,  or  by 
making  a  double  crystalline  salt  with  gold  chloride.  In  the  first 
case  the  free  alkaloid  is  obtained  by  treatment  with  alkali,  while  in 
the  latter  process  it  is  freed  from  gold  by  treatment  with  hydrogen 
sulphide  and  then  with  sodium  carbonate.  In  both  cases  the  freed 
alkaloid  is  crystallized  from  ethereal  solution. 

Composition. — So  uncertain  is  the  composition  of  aconitine  that  the  United 
States  and  British  pharmacopoeias  assigned  different  empiric  formulas  to  the  alkaloid; 
the  British  claiming  it  has  the  composition  C33H45NO12. 

The  U.  S.  P.  formula,  suggested  by  Freund,  is  now  accepted;  the  alkaloid  being, 
f  0031130 
supposedly,   C21H27NO3  <  (OCHj)^  that  is,  acetyl-benzoyl-aconine. 
(.OC,HA 

Remarks. — This  chemical  is  interesting  as  being  the  most  potent 
official  substance,  being  administered  in  the  smallest  dose.  In  fact, 
its  use  internally  is  not  advisable. 

Medical  Properties. — Like  aconite. 

Dose. — 0.15  milligramme  {^^  grain). 

COLCHICINA.     Colchicine. 

CajHjsNOe  =  396.23 

An  alkaloid  obtained  from  Colchicum.  It  should  be  kept  in  dark  amber-colored, 
well-stoppered  vials. 

Pale  yellow  leaflets,  or  a  pale  yellow,  amorphous  powder,  turning  darker  on 
exposure  to  light,  having  an  odor  suggesting  damp  hay  and  a  very  bitter  taste. 

Soluble  in  22  parts  of  water,  155  parts  of  ether,  and  in  87  parts  of  benzene  at  25° 
C.  (77°  F.);  soluble  in  20  parts  of  water  at  80°  C.  (176°  F.);  very  soluble  in  alcohol 
and  chloroform;  insoluble  in  petroleum  benzin. 

After  drying  over  sulphuric  acid,  it  melts  if  heated  to  142.5°  C.  (288.5°  F.). 
It  leaves  no  residue  upon  incineration. 

Its  aqueous  solution  is  neutral  to  litmus-paper,  Isevogyrate,  and  of  a  yellow 
color,  which  is  intensified  by  mineral  acids. 

With  Colchicine,  sulphuric  acid  produces  a  citron-yellow  color,  which,  upon 
adding  a  drop  of  nitric  acid,  changes  to  greenish-blue,  then  to  red,  and  finally  to 
yellow.  On  adding  an  excess  of  potassium  hydroxide,  the  color  is  changed  to 
red. 

Ferric  chloride  T.S.,  on  being  added  to  an  aqueous  solution  of  Colchicine,  gives 
no  color,  but  on  heating  a  brownish-red  color  is  developed,  which  changes  to  brown- 
ish-black; if  ferric  chloride  T.S.  be  added  to  an  alcoholic  solution  of  Colchicine,  a 
garnet-red  color  is  at  once  produced. 

To  5  drops  of  an  aqueous  Colchicine  solution  add  5  drops  of  fuming  hydrochloric 
acid,  5  drops  of  ferric  chloride  T.S.,  and  then  heat  to  boiling,  when  a  yellow  solution 
will  be  formed,  changing  to  olive-green.  When  cool,  shake  the  liquid  with  a  little 
chloroform,  when  the  latter  will  turn  ruby-red,  and  the  aqueous  solution  will  remain 
green. 

Sulphuric  acid  containing  a  fragment  of  potassium  dichromate  gives  a  greenish- 
blue  color,  changing  to  orange. 

Tests  for  Identity. — Given  above. 
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Extraction. — Powdered  colchicum  seed  are  extracted  with  90  per 
cent,  hot  alcohol,  the  alcohol  recovered  by  distillation,  and  the  residue 
treated  with  water.  The  filtrate  is  shaken  out  with  chloroform,  the 
chloroformic  solution  of  the  alkaloid  evaporated,  the  residue  dis- 
solved in  water,  and  again  shaken  out  with  chloroform.  On  evapora- 
tion of  the  solvent  a  crystalline  chloroformic  compound  of  colchicine 
is  left,  and  this  is  dissolved  in  alcohol,  concentrated  by  distillation, 
again  shaken  out  with  chloroform,  and  the  chloroform  distilled  off. 
The  residue  is  dissolved  in  warm  ether,  and  the  colchicine-chloroform 
crystals  mixed  with  water  and  warmed  until  the  chloroform  evaporates. 
The  aqueous  solution  of  purified  colchicine  is  then  evaporated  to  dry- 
ness. The  shaking  out  with  several  portions  of  chloroform  is  necessary 
to  free  the  colchicine  from  brown  coloring-matter. 

Composition. —  r  (00113)3 

C„hJ  NHCOCH3 
i  COOCH3. 

Medical  Properties. — Like  colchicum  (p.  919). 
Dose. — ^  milligramme  (y^  grain). 

PELLETIERINiE   TANNAS.     Pelletierine  Tannate. 

A  mixture  in  varying  proportions  of  the  tannates  of  four  alkaloids  (punicine, 
iso-punicine,  methyl-punicine,  and  pseudo-punicine)  obtained  from  Punica  Grana- 
tum  Linn6  (Fam.  Punicaceoe).  It  should  be  kept  in  small,  well-stoppered,  dark  am- 
ber-colored vials. 

A  light  yellow,  odorless,  amorphous  powder,  having  an  astringent  taste  and  a 
weak  acid  reaction. 

Soluble  in  235  parts  of  water,  12.6  parts  of  alcohol,  and  in  300  parts  of  ether  at 
25°  C.  (77°  F.);  insoluble  in  chloroform;  soluble  in  warm  diluted  acids. 

Pelletierine  Tannate,  when  dried  over  sulphuric  acid  and  heated,  turns  brown 
at  150°  C.  (302°  F.),  softens  at  about  165°  C.  (329°  F.),  and  when  heated  to  a  higher 
temperature,  decomposes  and  chars  without  melting.   It  leaves  no  residue  on  ignition. 

Ferric  chloride  T.S.  colors  aqueous  solutions  of  the  salt  blue-black. 

In  aqueous  solutions  of  Pelletierine  Tannate,  soluble  lead,  mercury,  and  zinc 
salts  produce  white  precipitates. 

Platinic  chloride  T.S.  produces  no  precipitate. 

Ammonia  water  produces  a  white  precipitate,  soluble  in  excess  of  the  precipitant, 
forming  a  yellowish-red  solution. 

Aqueous  solutions  of  Pelletierine  Tannate  immediq,tely  reduce  silver  nitrate  T.S., 
or  gold  chloride  T.S.,  to  metallic  silver  or  gold  respectively,  the  former  as  a  black 
precipitate,  and  the  latter  as  a  thin,  purplish  mirror  on  the  test-tube. 

Sulphuric  acid  gives  a  yellow  color;  the  liquid,  on  being  heated,  turns  slowly  to 
green,  and  finally  to  purple.     Nitric  acid  produces  no  color. 

Sulphuric  acid  containing  a  trace  of  selenous  acid  produces  a  light  bluish- 
green  color,  gradually  becoming  dark  green,  and  developing  a  pink  border. 

Tests  for  Identity. — Given  above. 

Manufacture. — Ground  pomegranate  bark  is  mixed  with  milk  of 
lime  and  extracted  with  water.  The  percolate  is  shaken  with  chloro- 
form and  the  separated  chloroformic  layer  is  shaken  with  diluted 
sulphuric  acid.  The  acid  solution  of  the  sulphates  of  the  alkaloids 
is  treated  with  tannic  acid  and  the  precipitated  tannates  collected 
on  a  filter  and  dried. 

Composition. — As  mentioned  in  the  official  definition  given  above, 
this  body  is  a  mixture  of  four  alkaloids.     The  free  alkaloidal  mixture 
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is  a  volatile  liquid,  but  the  official  tannate,  like  all  salts  of  liquid 
alkaloids,  is  a  solid. 

Medical  Properties. — Tenifuge. 

Dose. — 250  milligrammes  (4  grains). 

Group  VII. — Alkaloidal  Drugs 
IPECACUANHA.     Ipecac. 

The  dried  root,  to  which  may  be  attached  a  portion  of  the  stem  not  exceeding 
7  Cm.  in  length,  of  Cephaelis  Ipecacuanha  (Brotero)  A.  Richard  (Fam.  Rubiaceoe), 
known  commercially  as  Rio,  Brazilian,  or  Para  ipecac,  or  the  corresponding  portion 
of  C.  acuminata  Karsten,  known  commercially  as  Carthagena  ipecac,  yielding,  when 
assayed  by  the  process  given  on  p.  1033,  not  less  than  1.75  per  cent,  of  ipecac  alkaloids. 

Assay.— Fart  V.  (p.  1033). 

Constituents. — Emetine,  cepha'eline,  psychotrine,  ipecacuanhic  acid 
(a  form  of  tannin),  resin,  starch,  etc. 

Medical  Properties. — Expectorant  or  emetic,  according  to  dose. 
Official  preparations:  Fluidextract  (p.  246)  and  Dover's  powder  (p.  304). 
The  fluidextract  is  a  constituent  of  the  syrup  (p.  196),  the  mne  (p.  259), 
and  tincture  of  ipecac  and  opium  (p.  228). 

"  Dose. — Of  drug:    Expectorant,  65  milligrammes  (1  grain);  emetic, 
1  Gm.  (15  grains). 

GELSEMIUM.     Gelsemium.     Yellow  Jasmin. 

The  dried  rhizome  and  roots  of  Gelsemium  sempervirens  (Linne)  Alton  filius 
(Fam.  Loganiacece). 

Constituents. — Gelsemine,  gelseminine,  cesculin  (called  originally 
gelseminic  acid),  volatile  oil,  resin,  etc. 

Medical  Properties. — Antipyretic,  etc.  The  tincture  (p.  227)  and 
fluidextract   (p.   246)   are  official. 

Dose. — 65  milligrammes  (1  grain). 

PAREIRA.     Pareira. 

The  dried  root  of  Chondrodendron  tomentosum  Ruiz  et  Pavon  (Fam.  Meni- 
spermaceoe). 

Constituents. — Cissampeline,  fat,  starch,  and  tannin. 
Medical    Properties. — Simple    bitter,    diuretic.     The    fluidextract 
(p.  248)  is  official. 

Dose. — 2  Gm.  (30  grains). 

ACONITUM.     Aconite. 

The  dried  tuberous  root  of  Aconitum  Napellus  Linne  (Fam.  Ranuncidacece) , 
collected  in  autumn;  yielding,  when  assayed  by  the  process  given  on  p.  1027,  not  less 
than  0.5  per  cent,  of  aconitine. 

Assay.— Fart  V.  (p.  1027). 

Constituents. — Aconitine,  napelline,  aconitic  acid,  etc.  Aconitine 
consists  of  true  aconitine,  pseudaconitine,  aconine,  pseudaconine, 
picraconitine,  etc. 

Remarks. — Aconite  is  a  tuberous  root  from  the  Ranunculacese,  or 
crowfoot  family.     Its  well-known  poisonous  property  is  due  to  its 
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alkaloid,  aconitine,  which  is  supposed  to  exist  in  the  root  as  the  salt 
of  aconitic  acid.  This  acid  is  closely  allied  to  citric  acid,  as  a  side- 
by-side  comparison  formula  will  show: 

Citric  acid.  Aconitic  acid. 

HsCgHjOT  HjCgHjOg 

CH^COOH  CH— COOH 

COH— COOH  C COOH 

CH3— COOH  CH3— COOH 

Like  citric  acid,  aconitic  acid  is  not  poisonous.  It  is  found  in 
several  plants  other  than  aconite;  for  instance,  sorghum  and  yarrow. 

Medical  Properties. — Of  value  in  fevers  produced  from  colds, 
neuralgia,  etc.  Locally  as  a  local  irritant  and  anesthetic.  The 
tincture  (p.  221)  and  fluidextract  (p.  240)  are  official. 

Dose. — 65  milligrammes  (1  grain). 

BERBERIS.     Berberis.     Oregon  Grape  Fruit. 

The  rhizome  and  roots  of  Berberis  Aquifolium  Pursh,  and  other  species  of  Ber- 
beris (Fam.  Berberidacece) . 

Constituents. — Berberine,  C17H20NO4  (see  p.  905);  oxyacanthine, 
CigHjiNOg;  berbamine,  CigHigNOg. 

Remarks. — This  new  official  is  not  obtained  from  the  ordinary 
barberry  bush  (Berberis  vulgaris),  but  is  derived  from  that  species 
growing  in  the  Western  States.  The  fluidextract  is  recognized  by  the 
present  pharmacopoeia. 

Medical  Properties. — Tonic,  stimulant,  antiperiodic,  and  hepatic 
stimulant. 

Dose. — 2  Gm.  (30  grains). 

COLCHICI   CORMUS.     Colchicum  Conn. 

[CoLCHici  Radix,  Pharm.  1890] 

The  dried  corm  of  Colchicum  autumnale  Linne  (Fam.  Liliacece),  yielding,  when 
assayed  by  the  process  given  on  p.  1019,  not  less  than  0.35  per  cent,  of  colchicine. 

Constituents. — Colchicine,  colchiceine,  and  two  resins. 

Remarks. — Colchicum  is  official  in  two  forms:  the  "corm"  and 
the  seed  of  Colchicum  autumnale,  a  pretty  little  liliaceous  plant  called 
''meadow-saffron,"  that  decks  the  pastures  of  South  Germany  with 
beautiful  pink  flowers  during  the  month  of  September.  A  *'corm" 
is  a  variety  of  tuber,  the  most  familiar  example  of  a  tuber  being  the 
Irish  potato.  The  potato  grows  underground,  but  it  is  not  a  root, 
for,  bear  in  mind,  that  is  an  erroneous  impression  that  an  underground 
plant  part  has  to  be  a  root.  The  difference  between  a  root  and  a 
stem  is  that  while  the  latter  always  bears  leaves,  the  former  never  does. 
The  potato  must,  therefore,  be  a  stem  part,  for  it  bears  leaves,  the 
"eyes"  of  the  potato  being  minute  leaf  groups,  which  sprout  under 
favorable  circumstances.  Such  a  thick,  fleshy  stem  part,  growing 
underground  and  designed  as  the  storehouse  for  food  for  the  next 
year's  growth,  is  called  a  tuber,  and  colchicum  root  is  a  modification 
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of  a  tuber  called  a  corm.  •  A  corm  differs  from  a  tuber  by  growing 
at  the  immediate  base  of  the  stem  instead  of  at  the  end  of  a  sub- 
terranean shoot,  as  the  regular  tuber  does. 

Medical  Properties. — Of  great  value  in  gout.  Its  use,  however, 
must  not  be  long  continued,  as  it  soon  irritates  the  stomach  and 
intestines. 

The  extract  (p.  281)  is  official. 

Dose. — Of  drug,  250  milligrammes  (4  grains). 

COLCHICI   SEMEN.     Colchiciim  Seed. 

The  seed  of  Colchicum  autumnale  Linne  (Fam.  LUiaceoe),  yielding,  when  assayed 
by  the  process  given  on  p.  1020,  not  less  than  0.55  per  cent,  of  colchicine. 

Assay. — See  p.  1020. 

Constituents. — Like  the  corm,  only  less  colchicine  and  6  per  cent, 
fixed  oil. 

Medical  Properties. — Like  the  corm.  The  Wine  (p.  257),  tincture 
(p.  226),  and  fluidextract  (p.  247)  are  official. 

Dose. — 200  milligrammes  (3  grains), 

SANGUINARIA.     Sanguinaria.     Blood  Root. 

The  dried  rhizome  of  Sanguinaria  canadensis  Linne  (Fam.  Papaveracece),  collected 
after  the  death  of  the  foliage. 

Constituents. — Sanguinarine,  chelerythrine,  protopine,  berberine, 
resins,  etc. 

Remarks. — The  drug  is  called  blood  root  because,  in  the  spring, 
the  fresh  rhizome,  when  broken,  exudes  a  red  juice.  Likewise  the 
dried  drug  is  deep  red  in  the  interior. 

Medical  Properties. — Nauseant  expectorant.  The  tincture  (p.  235) 
and  the  fluidextract  (p.  251)  are  official. 

Dose. — 125  milligrammes  (2  grains). 

SPIGELIA.     Spigelia.     Pink  Root. 

The  dried  rhizome  and  roots  of  Spigelia  marUandica  Linne  (Fam.  Loganiaceoe). 

Constituents. — Spigeline  (volatile  alkaloid),  volatile  oil,  resins,  etc. 
Medical    Properties. — Vermifuge.      Administered    as    fluidextract, 
U.  S.  P.  (p.  247). 

Dose. — 4  Gm.  (60  grains). 

HYDRASTIS.     Hydrastis.     Golden  Seal. 

The  dried  rhizome  and  roots  of  Hydrastis  canadensis  Linn6  (Fam.  Ranunctdacece), 
yielding,  when  assayed  by  the  process  given  on  p.  1024,  not  less  than  2.5  per  cent, 
of  hydrastine. 

Constituents. — Hydrastine,  berberine,  canadine,    resin,  starch,  etc. 

Remarks. — Hydrastis,  the  rhizome  and  rootlets  of  Hydrastis 
canadensis,  is  an  American  drug,  which  has  obtained  world-wide 
reputation.  Note  its  two  leading  constituents,  of  which  the  hydrastine 
should  be  white.  Hydrastine  is  very  expensive,  hence  the  cheap 
yellow  berberine  is  often  substituted  for  it.     Note  that  it  is  berberine 
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which  gives  the  drug  the  characteristic  yellow  color,  which  suggested 
the  synonym,  golden  seal. 

Medical  Properties. — Bitter  stomachic,  useful  in  catarrhal  trouble, 
hence  of  value  as  injection  in  gonorrhea.  For  this  purpose  the 
official  glycerite  (p.  207)  is  largely  used.  The  tincture  (p.  228)  and  the 
fluidextract   (p.  248)   are  also  official. 

Dose. — 2  Gm.  (30  grains). 

VERATRUM.     Veratrum.     Hellebore. 

[Veratrtjm  Viride,  Pharm.  1890] 

The  dried  rhizome  and  roots  of  Veratrum  viride  Aiton  (American  Hellebore)  or 
Veratrum  album  Linne  (White  Hellebore)  (Fam.  Liliacece). 

Constituents.  — Jervine,  pseudojervine,  rubijervine,  veratroidine, 
cevadine.  White  veratrum  contains  veratrine  and  also  the  alkaloids 
above  mentioned.  The  official  veratrine  comes  from  cevadilla  seed 
(p.  903). 

Remarks. — In  the  pharmacopoeia  of  1890  only  the  American 
hellebore  was  official,  but  in  the  last  revision  the  white  hellebore  of 
Europe  was  admitted,  since  much  of  it  finds  its  way  into  the  American 
market,  and  since  the  two  are  therapeutically  identical. 

CINCHONA.     Cinchona.     Peruvian  Bark.     Calisaya  Bark. 

The  dried  bark  of  Cinchona  Ledgeriana  Moens,  Cinchona  Calisaya  Weddell, 
Cinchona  officinalis  Linn6,  and  of  hybrids  of  these  with  other  species  of  Cinchona 
(Fam.  RvMaceoe).  It  should  yield  not  less  than  5  per  cent,  of  total  anhydrous  cin- 
chona alkaloids  and  at  least  4  per  cent,  of  anhydrous  ether-soluble  alkaloids  when 
assayed  by  the  process  given  on  p.  1018. 

CINCHONA  RUBRA.     Red  Cinchona.     Red  Bark. 

The  dried  bark  of  Cinchona  su^cirvbra  Pavon  (Fam.  Rubiacece),  or  of  its  hybrids, 
yielding  not  less  than  5  per  cent,  of  anhydrous  cinchona  alkaloids  when  assayed  by 
the  process  given  for  these  alkaloids  on  p.  1018. 

Constituents. — Quinine,  quinidine,  cinchonine,  cinchonidine,  and 
many  other  alkaloids,  kinic  acid,  kinovic  acid,  and  cinchotannic 
acid. 

Cinchona  barks  are  alkaloidal  drugs,  whose  value  is  scarcely  second 
to  opium.  In  these  barks  the  pharmacopoeia  gives  a  wide  range  of 
selection,  for,  while  dividing  them  into  two  groups, — cinchona  and 
cinchona  rubra, — that  authority  allows  the  use  of  any  cinchona  bark 
containing  5  per  cent,  of  the  alkaloids  peculiar  to  the  species.  Under 
the  heading  "cinchona  rubra"  we  find  but  one  species  allowed — 
Cinchona  succirubra,  the  last  word  meaning  "red  juice."  but  under 
the  head  "cinchona"  permission  is  given  to  use  any  cinchona  yielding 
5  per  cent,  of  total  alkaloids  and  4  per  cent,  of  anhydrous  ether-soluble 
alkaloids. 

Time  forbids  an  extended  sketch  of  the  origin  and  history  of  the 
cinchona  barks,  but  the  student  is  advised  to  read  the  subject  in  the 
dispensatories.  Here  need  only  be  said  that  the  general  introduction 
of  the  bark  was  due  to  the  Countess  of  Chinchon,  wife  of  a  viceroy  of 
Peru,  who  was  cured  of  malaria  by  the  use  of  the  drug  in  the  sixteenth 
century,  since  when  it  has  gained  the  esteem  of  the  entire  world. 
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The  reckless  collection  of  the  drug  by  chopping  down  wild  trees,  with 
no  attempt  to  plant  new  ones  in  their  stead,  threatened  the  extermi- 
nation of  this  valuable  drug,  but,  fortunately,  this  danger  was  averted 
by  the  commencement  of  the  systematic  cultivation  of  the  drug  by 
the  Dutch  in  Java  and  by  the  English  in  India,  who  have  taken  most 
of  the  business  from  its  first  home — Chile  and  Peru. 

Note  that  of  the  large  number  of  alkaloids  separated  from  cinchona, 
but  four — quinine,  quinidine,  cinchonine,  cinchonidine — are  worthy  of 
careful  study. 

Note  also  that  cinchona  contains  a  large  amount  of  tannin,  hence 
glycerin  is  added  to  the  menstruum  in  preparing  its  official  prepara- 
tions. This  also  explains  the  well-known  prescription  incompatibility, 
the  inky  liquid  obtained  by  mixing  preparations  of  cinchona  with 
iron  salts  (p.  1078) ;  hence  in  preparing  such  pharmaceuticals  as  elixir 
of  cinchona  and  iron  the  cinchona  percolate  must  be  "detannated" 
before  adding  the  iron  salt. 

Mention  must  be  made  of  a  former  official  product  of  cinchona,  which  was  dropped 
in  the  revision  of  1890;  a  substance  called  chinoidine.  In  the  days  when  quinine 
was  worth  $4  to  $5  an  ounce,  a  cheaper  cinchona  product  was  demanded.  This  was 
found  in  chinoidine,  whose  efficiency  was  due  to  the  imperfect  methods  then  employed 
in  making  quinine.  Quinine  is  separated  from  the  other  cinchona  alkaloids  by  crys- 
tallization, and  in  the  old  process,  after  the  mother  liquor  had  been  concentrated 
several  times,  thus  yielding  most  of  the  four  official  alkaloids,  it  was  evaporated  to  a 
brown  mass,  still  containing  some  of  the  four  alkaloids,  as  well  as  all  the  minor  bodies 
found  in  the  bark.  But  the  old-time  primitive  methods  of  extraction  have  given 
place  to  modern  processes,  by  which  almost  all  of  the  important  alkaloids  are  won 
from  the  cinchona,  leaving  the  mother  liquor  practically  inert.  Hence  chinoidine 
of  to-day  is  almost  valueless  and  in  the  pharmacopoeial  revision  of  1890  it  was  omitted. 

Medical  Properties. — Febrifuge  (quinine  is  a  specific  in  malarial 
fever),  tonic  astringent.  Official  preparations:  Of  red  bark,  com- 
pound tincture  (p.  226),  of  yellow  bark,  tincture  (p.  225)  and  fluid- 
extract  (p.  248), 

Dose. — Of  both  barks,  1  Gm.  (15  grains). 

GRANATUM.     Pomegranate. 

The  bark  of  the  stem  and  root  of  Punica  Granatum  Linne  (Fam.  Punicacece) . 

Constituents. — Pelletierine,  U.  S.  P.,  punicotannic  acid. 

Remarks. — Note  that  the  official  drug  is  the  bark  of  the  stem 
and  root,  not  the  rind  of  the  fruit,  which  is  so  popular  in  the  southern 
States  as  a-  dysentery  remedy. 

Medical  Property. — Tenifuge.  Administered  preferably  as  the 
alkaloid  pelletierine,  or  as  fluidextract,  U.  S.  P.  (p.  248). 

Dose. — Of  drug,  2  Gm.  (30  grains). 

Quebracho,  the  bark  of  Aspidosperma  Quehracho-hlanco,  was  recognized  by  the 

Eharmacopceia  of  1890,  but  was  dropped  in  the  last  revision.     It  contains  some  al- 
aloids  and  much  tannin,  and  was  supposed  to  be  a  bitter  tonic. 
Dose. — 4  Gm.  (60  grains). 

PILOCARPUS.     Pilocarpus.     Jaborandi. 

The  leaflets  of  Pilocarpus  Jaborandi  Holmes  or  of  Pilocarpus  microphyllus  Stapf 
(Fam.  Rutaceoe),  yielding,  when  assayed  by  the  process  given  on  p.  1038,  not  less  than 
0.5  per  cent,  of  alkaloids. 
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Assay.— See  Part  V.  (p.  1038). 

Constituents. — Pilocarpine,  jaborine,  pilocarpidine  (an  oxidation 
product  of  pilocarpine),  jaboridine  (an  oxidation  product  of  jaborine). 

Medical  Properties. — Valuable  diaphoretic  and  sialagogue.  Admin- 
istered in  the  form  of  the  official  fluidextract  (p.  247). 

Dose. — 2  Gm.  (30  grains). 

COCA.     Coca. 

The  dried  leaflets  of  Erythryoxylon  Coca  Lamarck  (Fam.  Erythroxylacece) ,  known 
commercially  as  Huanuco  Coca,  or  of  E.  TruxUlense  Rusby,  known  commercially 
as  TruxiUo  Coca,  yielding,  when  assayed  by  the  process  given  on  p.  1031,  not  less 
than  0.5  per  cent,  of  the  ether-soluble  alkaloids  of  Coca. 

Constituents. — Cocaine,  hygrine,  cocatannic  acid. 

Remarks. — This  drug  has  been  used  by  the  natives  of  Peru  since 
the  earliest  times  as  a  stimulant.  The  Indians  chew  the  leaves 
mixed  with  ashes,  and  are  then  capable  of  performing  such  hard  tasks 
as  climbing  mountains  with  loaded  backs,  practically  abstaining  from 
food  during  the  trip.  Its  use  as  a  tonic  in  Europe  and  North  America 
covers  a  period  of  many  years,  but  its  great  consumption  began  in 
the  early  eighties,  with  the  discovery  of  the  remarkable  local  anesthetic 
action  of  its  alkaloid,  cocaine,  made  official  in  1890  in  the  form  of 
cocaine  hydrochlorate.  The  value  of  cocaine  in  surgery  and  the 
frightful  effects  of  the  abuse  of  the  chemical  are  too  well  known  to 
require  extended  comment  here. 

Medical  Properties. — Stimulant.  The  wine  (p.  257)  and  fluid- 
extract  (p.  247)  are  official. 

Dose. — 2  Gm.  (30  grains). 

BELLADONNiE    FOLIA.     Belladonna    Leaves.     Deadly    Nightshade. 

The  dried  leaves  of  Atropa  Belladonna  Linn6  (Fam.  Solanacece),  yielding,  when 
assayed  by  the  process  given  on  p.  1030,  not  less  than  0.30  per  cent,  of  mydriatic 
alkaloids. 

Constituents. — Atropine,  hyoscyamine,  belladonnine,  hyoscine,  and 
other  alkaloids,  chlorophyll,  etc. 

Remarks. — Belladonna  is  derived  from  the  "deadly  nightshade," 
Atropa  Belladonna,  the  leaves  and  root  of  which  are  official.  Both 
contain  atropine,  which  dilates  the  pupil  of  the  eye,  making  it  large  and 
lustrous.  From  this  property  the  drug  gets  its  name,  which  is  Italian 
for  "pretty  lady."  Besides  atropine,  the  drug  contains  two  other 
ofl&cial  alkaloids,  hyoscyamine  and  hyoscine,  these  two  being,  of 
course,  named  after  hyoscyamus,  in  which  they  are  first  found.  All 
three  of  these  alkaloids  are  found  in  various  proportions  in  many  of 
the  plants  of  the  Solanaceae — the  nightshade  family — to  which  both 
belladonna  and  hyoscyamus  belong,  and  all  three,  by  reason  of  the 
property  of  dilating  the  pupil,  are  called  the  mydriatic  alkaloids. 
Hyoscyamine  and  atropine  are  isomeres — both  have  the  same  chemical 
formula.  In  fact,  so  similar  are  they  that  they  can  be  distinguished 
only  by  the  differing  behavior  of  their  gold  salts. 

Medical  Properties. — Stimulates  the  higher  centers,  hence  used  in 
asthma  and  to  quicken  the  pulse;  used  to  modify  the  action  of  vege- 
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table  purgatives,  as  is  shown  in  the  official  compound  laxative  pills, 
in  which  extract  of  belladonna  leaves  is  employed.  Used  externally 
in  neuralgia.  Official  preparations:  the  extract  (p.  279)  and  the  tinct- 
ure (p.  223).  From  the  extract  the  ointment  (p.  345)  and  the  plaster 
(p.  355)  are  made. 

Dose. — 65  milligrammes  (1  grain). 

BELLADONNiE   RADIX.     Belladonna  Root. 

The  dried  root  of  Atropa  Belladonna  Linn6  (Fam.  Solanacece),  yielding,  when 
assayed  as  directed  on  p.  1031,  not  less  than  0.45  per  cent,  of  mydriatic  alkaloids. 

Constituents. — Like  the  leaves,  except  for  absence  of  chlorophyll. 

Remarks. — Note  that  the  root  contains  more  mydriatic  alkaloids 
than  do  the  leaves  (root,  yVir  of  1  per  cent.;  leaves,  j\  of  1  per  cent.), 
hence  it  is  administered  in  smaller  dose. 

Medical  Properties. — Like  the  leaves.  The  fluidextract  (p.  246) 
is  official,  and  from  it  is  made  the  official  liniment  (p.  272). 

Dose. — Of  drug,  45  milligrammes  (f  grain). 

STRAMONIUM.    Stramonium.    Jimson    Weed.     Jamestown    Weed. 

Thornapple. 

[Stramonium  Folia,  Pharm.  1890J 

The  dried  leaves  of  Datura  Stramonium  Linn6  (Fam.  Solanacece),  yielding,  when 
assayed  as  directed  on  p.  1039,  not  less  than  0.25  per  cent,  of  mydriatic  alkaloids. 

Constituents. — Atropine,  hyoscine,  hyoscyamine,  chlorophyll.  The 
constituent  daturine  has  been  proved  a  mixture  of  atropine  and 
hyoscyamine. 

Remarks. — Stramonium  is  the  leaves  of  Datura  Stramonium,  which 
is  the  well-known  "jimson  weed, "  a  plant  growing  all  over  the  United 
States,  Europe,  and  Asia.  It  is  said  that  the  plant  has  become  so 
widely  distributed  through  those  curious  people,  the  gypsies,  who 
travel  all  over  the  world,  carrying  with  them  stramonium  seed — for 
criminal  uses  it  is  said.  Note  that  stramonium  belongs  to  that 
plant  family  called  the  Solanaceae,  or  nightshade  family,  which  fur- 
nishes such  valuable  drugs  as  belladonna  and  hyoscyamus,  and  also 
includes  several  of  our  best-known  vegetables,  like  Irish  potato, 
tomato,  and  egg-plant. 

Belladonna,  hyoscyamus,  and  stramonium  contain  the  three 
mydriatic  alkaloids,  atropine,  hyoscine,  and  hyoscyamine.  Quite 
often  we  find  such  chemical  similarities  existing  between  members  of 
the  same  plant  family — a  very  striking  fact  when  we  consider  that 
the  method  by  which  we  classify  plants  has  nothing  to  do  with  chem- 
istry. 

Medical  Properties. — Like  belladonna.  The  extract  (p.  289),  the 
tincture  (p.  236),  and  the  fluidextract  (p.  247)  are  official.  From  the 
extract  the  official  ointment  (p.  349)  is  prepared. 

Dose. — 65  milligrammes  (1  grain). 

Stramx)nium  seeds,  which  were  recognized  by  the  pharmacoptfiia  of  1890,  never 
enjoyed  the  same  popularity  as  the  leaves,  hence  were  dropped  in  the  last  revision. 
They  contained  the  same  alkaloids  and  were  used  similarly  to  the  leaves  and  given 
in  the  same  dose. 
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HYOSCYAMUS.     Hyoscyamus.     Henbane. 

The  dried  leaves  and  flowering  tops  of  Hyoscyarrms  niger  I^inn^  (Fam.  Solanaceoe), 
collected  from  plants  of  the  second  year's  growth,  and  yielding,  when  assayed  as 
directed  on  p.  1032,  not  less  than  0.08  per  cent,  of  mydriatic  alkaloids. 

Constituents. — Hyoscyamine  and  hyoscine. 

Remarks. — Hyoscyamus  is  commonly  called  henbane,  the  official 
drug  being  leaves  plucked  from  the  second-year  stem,  those  of  the 
first  year  being  small  and  almost  inert.  Note  that  the  drug  is  much 
weaker  in  mydriatic  alkaloids  than  are  belladonna  and  stramonium 
leaves,  the  last  two  being  required  to  contain  j^^\  of  1  per  cent, 
alkaloids,  while  the  requirement  for  hyoscyamus  is  but  y^^  of  1  per 
cent. 

Medical  Properties. — Similar  to  belladonna,  but  preferable  to  the 
latter  drug  in  insomnia  and  for  relieving  the  excitement  of  insanity. 
Official  preparations:  Extract  (p.  284),  fluidextract  (p.  247),  and 
tincture  (p.  228).  The  fresh  leaves  steeped  in  a  fixed  oil  along  with 
other  drugs  and  aromatics  is  highly  popular  in  Europe  under  the 
name  Baume  Tranquille,  as  a  remedy  for  earache  and  for  general  use 
as  a  liniment.  A  similar  preparation  is  the  compound  oil  of  hyoscya- 
mus, N.  F. 

Dose. — Of  drug,  250  milligrammes  (4  grains). 

SCOPOLA.     Scopola. 

The  dried  rhizome  of  Scopola  Carniolica  Jacquin  (Fam.  Solanacece),  yielding, 
when  assayed  as  directed  on  p.  1039,  not  less  than  0.5  per  cent,  of  mydriatic  alkaloids. 

Remarks. — This  new  official  contains  scopolamine,  an  alkaloid 
identical  with  hyoscine.  The  drug  itself  is  rarely  used,  and  has  been 
recognized  chiefly  because  used  for  making  scopolamine,  and  because 
its  extract  is  used  by  some  plaster-makers  for  their  so-called  bella- 
donna plasters.  If  used,  it  is,  like  belladonna  and  hyoscyamus,  a 
sedative  and  narcotic. 

Dose. — 45  milligrammes  (f  grain). 

Tobacco,  the  leaves  of  Nicotiana  tabacum,  was  official  in  former  pharmacopoeias, 
but  was  dropped  in  the  last  revision.  It  was  formerly  highly  esteemed  as  a  vulnerary, 
but  is  Uttle  used  as  a  drug  by  intelligent  physicians.  A  decoction  of  tobacco  in  which 
corrosive  sublimate  has  been  dissolved  makes  a  satisfactory  bedbug  poison. 

LOBELIA.     Lobelia. 

The  dried  leaves  and  tops  of  Lobelia  inflata  Linn6  (Fam.  Campanvlaceoe),  col- 
lected after  a  portion  of  the  capsules  have  become  inflated. 

Constituents. — Lobeline  (a  liquid  alkaloid),  lobelic  acid,  resin,  etc. 

Remarks. — The  pharmacopoeial  requirement,  given  above,  as  to 
"inflated  capsules,"  means  that  the  drug  must  be  collected  only 
when  completely  ripe.  The  fruit  of  the  lobelia  is  a  round  pod,  con- 
sisting of  minute  brown  seeds  inclosed  in  a  thin,  papery  "husk," 
which  swells  considerably  when  seeds  are  ripe.  This  enlarged  pod  is 
what  the  definition  means  by  "  inflated  capsule." 
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Medical  Properties. — Expectorant  and  emetic.  Poisonous  in 
large  doses.  The  tincture  (p.  231)  and  the  fluidextract  (p.  250)  arfe 
official. 

Dose. — 0.5  Gm.  (7^  grains). 

SCOPARIUS.     Scoparius.     Broomtop. 

The  dried  tops  of  Cytisus  Scoparius  (Linn6)  Link  (Fam.  Leguminosoe). 

Constituents. — Sparteine  (liquid  alkaloid),  scoparin  (neutral  prin- 
ciple), volatile  oil,  tannin,  etc. 

Remarks. — Scoparius,  or  broom,  is  the  "planta  genista,"  from 
which  the  famous  Plantagenet  family  took  its  name.  It  is  not  the 
broom-straw  from  which  the  modern  American  brooms  used  in 
sweeping  are  made,  albeit  a  certain  druggist  was  once  known  to 
fill  a  prescription  for  "decoction  of  broom"  from  the  straw  of  that 
homely  domestic  article. 

Medical  Properties. — Diuretic  (due  to  scoparin,  rather  than  to 
sparteine).     Slows  the  heart,  but  also  weakens  it. 

Dose. — 1  Gm.  (15  grains). 

Chdidonium. — The  entire  plant,  Chelidonium  majus,  was  ofl&cial  in  the  pharmaco- 
poeia of  1890.  It,  like  the  plant  yielding  opium,  belongs  to  the  natural  order  Papa- 
veracese,  the  poppy  family,  and  its  juice  also  is  somewhat  narcotic.  The  drug  is  not 
used  very  largely.    To  the  poppy  family  belongs  also  sanguinaria. 

CONIUM.     Conium.     Hemlock. 

The  full-grown,  but  unripe  fruit  of  Conium  maadatum  Linn^  (Fam.  Umbdliferce), 
carefully  dried  and  preserved,  and  yielding,  when  assayed  by  the  process  given  on  p. 
1022,  not  less  than  0.5  per  cent,  of  coniine.  After  being  kept  for  more  than  two  years 
Conium  is  unfit  for  use. 

Constituents. — Coniine,  trace  of  volatile  oil,  fixed  oil,  etc. 

Remarks. — Conium,  like  anise,  coriander,  fennel,  and  caraway, 
is  a  fruit  of  the  natural  order  Umbellifera,  and  closely  resembles 
anise  in  appearance — so  much  so  that  it  has  been  confused  with  that 
drug,  and  with  serious  results.  Unlike  the  four  fruits  just  mentioned, 
it  contains  little  or  no  aromatic  oil,  and  does  contain  the  poisonous 
liquid  alkaloid  coniine.  This  alkaloid  has  the  peculiar  odor  of  mice's 
urine,  thus  affording  a  good  method  of  distinguishing  conium  from 
anise.  Conium  is  that  "seed,"  or,  more  correctly,  that  fruit,  which, 
when  triturated  with  solution  of  soda,  gives  off  the  odor  of  mice's 
urine. 

Medical  Properties. — Narcotic,  sedative,  and  antiseptic.  The 
fluidextract  (p.  248)  is  official. 

Dose. — 200  milligrammes  (3  grains). 

NUX   VOMICA.     Nux  Vomica.     Dog  Button. 

The  dried  ripe  seed  of  Strychnos  Nux-vomica  Linne  (Fam.  Loganiacece),  yielding, 
when  assayed  by  the  process  given  on  p.  1035,  not  less  than  1.25  per  cent,  of  strych- 
nine. 


Constituents. — Strychnine,  brucine,  igasuric  acid,  loganine,  fat,  and 
albumin. 
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Remarks. — The  "buttons"  of  nux  vomica  are  very  characteristic, 
and  their  silky  appearance  is  due  to  the  fine  hairs  with  which  they 
are  covered.  The  fixed  oil  sometimes  proves  troublesome  pharma- 
ceutically,  the  alcoholic  preparations  frequently  turning  milky  on 
addition  of  water. 

Medical  Properties. — Nervous  stimulant  and  bitter  tonic.  Very 
poisonous.  Antidote  is  not  chloral  hydrate,  which  merely  lessens  the 
force  of  the  tetanic  convulsions,  and  should  be  used  only  under  direct 
supervision  of  the  physician.  The  correct  antidote  is  an  alkaloidal 
precipitant,  such  as  tannin,  compound  solution  of  iodine,  or  potassium 
permanganate.  The  extract  (p.  286),  tincture  (p.  231),  and  fluid- 
extract  (p.  249)  of  nux  vomica  are'  official. 

Dose. — 65  milligrammes  (1  grain). 

PHYSOSTIGMA.     Physostigma.     Calabar  Bean. 

The  ripe  seed  of  Physostigma  venenosum  Balfour  (Fam.  Leguminosece),  yielding, 
when  assayed  by  the  process  given  on  p.  1037,  not  less  than  0.15  per  cent,  of  alkaloids 
soluble  in  ether. 

Constituents. — Physostigmine  (or  eserine),  calabarine,  eseridine, 
physosterin  (a  form  of  proteid). 

Remarks. — Physostigmine  is  called  "Calabar  bean,"  from  that 
section  of  Africa  where  it  grows.  Its  alkaloid,  physostigmine,  is 
official  as  the  sulphate  and  as  the  salicylate,  which  is  less  deliquescent 
than  the  other  salts  (p.  915). 

Medical  Properties. — Similarly  to  strychnine,  physostigmine  (p. 
915)  is  used  for  contracting  the  pupil  of  the  eye — is  a  miotic,  just  the 
reverse  of  a  mydriatic  (p.  923).  For  this  reason  miotic  drugs  (like 
strychnine  and  physostigmine)  have  been  suggested  as  antidotes  to 
mydriatics  (such  as  belladonna  and  hyoscyamus) ,  and  similarly  mydri- 
atics have  been  used  as  antidotes  to  miotics.  Such  reasoning  is  not, 
however,  necessarily  logical.  The  extract  (p.  287)  and  tincture  (p.. 234) 
of  physostigma  are  official. 

Dose. — 100  milligrammes  (1^  grains). 

STAPHISAGRIA.     Staphisagria.     Stavesacre. 
The  ripe  seed  of  Delphinium  Staphisagria  Linn6  (Fam.  Ranunculacece). 

Constituents. — Delphinine,  delphinoidine,  staphisagrin,  the  latter 
a  mixture. 

Remarks. — Staphisagria  is  the  pharmacopoeial  name  for  the  seeds 
of  Delphinium  Staphisagria,  a  plant  closely  related  to  the  garden 
larkspur.  Delphinium  consolida.  The  former  plant  has  odd-shaped 
flowers  resembling  the  larkspur.  Stavesacre,  as  the  official  drug  is 
called,  is  a  very  potent  remedy,  and  is  used  chiefly  as  a  wash  for 
body-lice. 

Medical  Properties. — When  used  internally  it  acts  something  like 
aconite.  Rarely  employed,  however,  except  externally  (see  above). 
The  fluidextract  (p.  246)  is  official. 

Dose. — 65  milligrammes  (1  grain).  / 
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ERGOTA.     Ergot. 

The  sclerotium  of  Claviceps  purpurea  (Fries)  Tulasne  (Fam.  Hypocreacece), 
replacing  the  grain  of  rye,  Secede  cereale  Linne  (Fam.  Graminece).  Ergot  should  be 
moderately  dried  and  not  exposed  to  a  damp  atmosphere.  After  being  kept  more 
than  one  year  it  is  unfit  for  use. 

Constituents. — Cornutine  (or  ergotinine),  C35H39O5N5;  ergotoxine, 
CgsH^jOeNs,  the  hydroxide  of  ergotinine,  claimed  by  Barker  and  Dale 
to  be  the  most  active  principle  of  ergot;  ergotinic  acid.  Cornutine  is 
supposed  to  be  the  ecboline  of  Wenzell,  ergotoxine  is  apparently  the 
sphacelinic  acid  of  Kobert;  while  ergotinic  acid  is  now  considered  the 
sclerotic  acid  of  Dragendorff. 

Remarks. — -The  constituents  of  fungi  are  classed  among  the  most 
difficult  problems  of  organic  chemistry,  hence  it  is  not  strange  that 
there  has  been  such  diversity  in  the  reports  of  investigations  of  ergot. 
Ergot  is  a  very  important  drug,  whose  official  definition  requires 
explanation,  and  this  means  a  discussion  of  the  life-history  of  an 
interesting  representative  of  the  non-flowering  plants  or  cryptogams. 
Referring  to  the  official  definition,  we  find  that  ergot  is  "the  sclerotium 
of  Claviceps  purpurea,  .  .  .  replacing  the  grain  of  rye,  Secale 
cereale."  As  to  "the  grain  of  rye,"  that  plant  is  a  cultivated  grass, 
used  for  food,  similar  to  wheat  or  rice,  and  its  fruit,  a  long  cluster  of 
oval  grains,  each  protected  by  a  chaffy  cover,  is  familiar  to  most  of 
us.  Each  grain  was,  in  its  early  stage,  a  tender  ovary,  filled  with 
soft  and  nutritious  tissue.  At  this  stage  of  growth  it  is  apt  to  be 
attacked  by  the  spores  of  the  fungoid  plant,  Claviceps  purpurea;  the 
spores  of  non-flowering  plants  answering  to  the  seed  of  flowering 
plants,  an  official  example  of  which  is  lycopodium,  noted  on  (p.  736). 
These  spores  of  Claviceps  purpurea  float  through  the  air,  seeking  a 
location  where  they  can  obtain  nourishment  with  as  little  work  as 
possible;  for  the  plant,  Claviceps  purpurea,  is  one  of  the  "tramps" 
of  botany — a  parasite  which  does  not  work  into  food  the  materials 
obtained  from  the  earth  and  air  (as  do  all  "good"  plants),  but  which 
lazily  fastens  its  roots  into  soft  tissue  of  some  living  and  thrifty  plant 
and  sucks  from  the  latter,  nutriment  stored  up  for  personal  use. 

In  this  manner  the  spores  of  Claviceps  purpurea  light  upon  the 
tender  ovaries  of  the  young  rye,  Secale  cereale.  As  seed  planted  in 
goodly  ground  begins  to  sprout,  so  do  the  spores  of  ergot  sprout  when 
they  drop  upon  the  rye.  The  rootlets  of  each  spore  penetrate  into  an 
ovary  of  the  rye  from  which  they  suck  nutriment  and  increase  in  size, 
at  the  expense  of  their  host,  until  eventually,  from  what  was  originally 
a  minute  fungus  growth  (called  the  mycelium),  the  ergot,  literally 
eating  the  ovary  of  the  rye  "out  of  house  and  home,"  develops 
into  a  brown  purple  fusiform  growth  larger  than  the  remaining  rye 
grains,  called,  by  reason  of  its  hardness,  the  sclerotium.  This  sclero- 
tium constitutes  the  official  drug — ergot.  A  word  as  to  the  future 
growth  of  the  sclerotium,  which  is  a  provision  of  nature  for  the 
preservation  of  the  fungus  over  winter.  It  reaches  full  growth  in 
early  fall  and  drops  to  the  earth,  where,  owing  to  its  color,  it  is  apt  to 
lie  unnoticed  over  winter — apparently  a  dead  thing.  But  the  warmth 
and  sunshine  of  spring  awakens  the  spark  of  life  and  it  then  puts 
forth  the  fruit  head  in  which  are  formed  the  spores,  which  are  again 
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wafted  into  the  air  to  begin  once  more  the  history  of  another  year's 
havoc  of  the  rye. 

Ergot  is  a  potent  remedy  of  inestimable  value  in  checking  hemor- 
rhage and  in  childbirth.  The  rye  mixed  with  ergot  is  of  course  dan- 
gerous, and  on  several  occasions  entire  communities  have  been  poi- 
soned by  eating  bread  made  from  rye  flour  containing  ergot. 

Medical  Properties. — Used  as  an  ecbolic,  producing  contraction 
of  the  uterus,  and  for  hemorrhages.  Official  preparation,  the  fluid- 
extract  (p.  249),  and  from  this  the  official  extract  (p.  282)  and  ivine 
(p.  258)  are  made. 

Dose. — 2  Gm.  (30  grains). 

OPIUM.     Opium. 

The  concrete,  milky  exudation  obtained  by  incising  the  unripe  capsules  of 
Papaver  somniferum  Linne  (Fam.  Papaveraceoe),  and  yielding,  in  its  normal,  moist 
condition,  not  less  than  9  per  cent,  of  crystallized  morphine  when  assayed  by  the 
process  given  on  p.  1025. 

OPII   PULVIS.     Powdered  Opium. 

Opium  dried  at  a  temperature  not  exceeding  85°  C.  (185°  F.)  and  reduced  to  a 
very  fine  powder. 

Powdered  Opium,  for  pharmaceutic  and  medicinal  purposes,  when  assayed  by 
the  process  given  on  p.  1025,  should  yield  not  less  than  12  per  cent,  nor  more  than 
12.5  per  cent,  of  crystallized  morphine. 

Powdered  Opium  of  a  higher  percentage  may  be  brought  within  these  limits 
by  admixture  with  Powdered  Opium  of  a  lower  percentage  or  powdered  sugar  of 
nailk  in  proper  proportions. 

OPII   GRANULATUM.     Granulated  Opium. 

Opium  dried  at  a  temperature  not  exceeding  85°  C.  (185°  F.)  and  reduced  to  a 
coarse  (No.  20)  powder. 

Granulated  Opium,  when  assayed  by  the  process  given  on  p.  1025,  should 
yield  not  less  than  12  per  cent,  nor  more  than  12.5  per  cent,  of  crystallized  morphine. 
Granulated  Opium  of  a  higher  percentage  may  be  brought  within  these  limits  by 
admixture  with  Granulated  Opium  of  a  lower  percentage  in  proper  proportions. 

Constituents. — Morphine,  codeine,  narceine  narcotine,  and  many 
other  alkaloids,  meconic  acid  and  lactic  acid  gum,  etc.     No  starch. 

Remarks. — Read  carefully  the  pharmacopceial  definition  given 
above,  and  note  that  opium  is  "the  concrete  milky  exudation" 
obtained  by  cutting — "incising" — the  unripe  capsules  of  Papaver 
somniferum.  The  poppy  capsules  (or  heads)  found  in  drug  stores 
are  from  the  same  plant,  but  are  collected  on  ripening,  when  they 
do  not  contain  so  much  milk  juice. 

An  analogous  case  is  found  in  the  fig,  which  abounds  in  milk  juice 
when  green  and  has  scarcely  any  when  ripe. 

Papaver  somniferum  can  grow  as  well  in  this  country  as  it  can  in 
Asia  Minor,  and  the  only  reason  why  opium  is  not  produced  here  is 
because  the  incising  of  the  capsule  (slitting  with  a  sharp  knife  without 
penetrating  the  capsule)  is  a  laborious  task  performed  by  hand,  and 
in  such  work  America  cannot  compete  with  the  cheap  labor  of  the 
East.     Note  that  the  three  official  forms  of  opium  given  above,  the 
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moist  gum,  containing  not  less  than  9  per  cent,  of  morphine,  the 
powdered,  and  the  granulated,  prepared  by  driving  off  the  moisture 
from  the  gum  and  converting  the  dried  mass  either  to  powder  or  to 
granules,  the  latter  made  by  moistening  with  alcohol  and  rubbing 
through  a  coarse  sieve. 

Both  the  powdered  and  the  granulated  must  contain  not  less  than 
12  per  cent,  nor  more  than  12 J  per  cent,  of  crystallized  morphine. 

Medical  Properties. — Sedative  and  narcotic.  Poisonous.  Anti- 
dote stimulants  (caffeine  or  coffee),  electric  shocks,  flagellation. 
Above  all,  keep  patient  in  motion.  Official  preparations:  From  the 
moist  gum  we  make  the  powdered  and  the  granulated;  from  the  powdered 
we  make  deodorized  opium  (see  below),  the  camphorated  tincture 
(p.  233),  the  extract  (p.  286),  the  pills  (p.  324),  the  vinegar  (p.  263), 
and  powder  of  ipecac  and  opium  (p.  304) ,  lozenges  of  glycyrrhiza  and 
opium  (p.  332);  from  the  granulated  we  make  the  tincture  (p.  232), 
the  deodorized  tincture  (p.  233),  and  the  vnne  (p.  259) — in  short,  the 
three  preparations  of  opium  made  by  percolation;  lastly,  the  extract 
is  an  ingredient  of  opium  plaster  (p.  356). 

Dose. — Of  the  moist  gum,  100  milligrammes  (1^  grains);  of  the 
powdered  or  granulated,  65  milligrammes  (1  grain). 

OPIUM   DEODORATUM.     Deodorized  Opium. 

Recipe. — Powdered  Opium,  five  hundred  grammes. 500  Gm. 

Purified  Petroleum  Benzin,  a  sufficient  quantity. 

Macerate  the  Powdered  Opium  for  twenty-four  hours  in  a  wide-mouthed, 
well-closed  bottle,  with  sufficient  Purified  Petroleum  Benzin  to  completely  cover  it, 
shaking  occasionally.  Decant  the  liquid  as  closely  as  possible  and  repeat  the  treat- 
ment with  Purified  Petroleum  Benzin.  Again  decant  the  liquid  and  pour  the  con- 
tents of  the  bottle  into  a  plain  filter  contained  in  a  glass  funnel  which  should  be  well 
covered,  drain,  and  then  slowly  percolate  the  residue  with  Purified  Petroleum  Benzin 
until  the  latter  passes  without  color.  Remove  the  filter  containing  the  Opium  from 
the  funnel  and  expose  the  powder  to  the  open  air,  so  that  it  may  dry  thoroughly. 

Deodorized  Opium  should  be  kept  in  well-stoppered  bottles,  and  when  assayed 
by  the  process  given  on  p.  1025,  should  be  found  to  yield  not  less  than  12  per  cent, 
nor  more  than  12.5  per  cent,  of  crystallized  morphine. 

Opium  in  coarser  powder  may  be  deodorized  in  the  same  manner  as  directed 
above. 

Remarks. — Deodorized  (or  denarcotized)  opium  is  prepared  by 
extracting  powdered  opium  with  benzin,  that  solvent  removing  little 
from  the  drug  but  its  heavy  narcotic  odor  and  narcotine,  an  alkaloid 
to  which  many  of  the  unpleasant  after-effects  of  opium  are  said  to 
be  due.  In  the  pharmacopoeia  of  1890  ether  was  used  as  the  deodor- 
izing solvent,  but  it  has  been  found  that  benzin  will  do  the  work  as 
thoroughly  and  more  cheaply. 

Medical  Properties. — Similar  to  the  powdered. 

Dose. — 65  milligrammes  (1  grain). 
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CHAPTER   LI 
THE  ALBUMINOIDS 

The  albuminoids  or  proteins  represent  a  group  of  complex  organic 
substances,  containing  hydrogen,  oxygen,  nitrogen,  and  sulphur. 
The  chemistry  of  these  bodies  is  so  complex  that  very  little  is  known 
of  their  exact  composition.  Different  proteins,  however,  possess 
different  proportions  of  the  elements  above  mentioned,  and  vary  in 
constitution  from  simpler  bodies,  like  protamine,  to  very  complex 
substances,  which  can  be  split  into  many  different  chemicals. 

All  proteins  seem  based  upon  the  urea  molecule,  to  which  is 
attached  a  number  of  other  bodies.  Am^ong  these  bodies,  constituting 
part  of  the  protein  molecule,  may  be  mentioned  nitrogenous  bodies, 
like  argenin  and  glycoU,  sulphurated  bodies,  carbohydrate  deriva- 
tives, like  levulinic  acid,  phosphoric  acid,  etc. 

The  following  classification  of  proteins  is  that  adopted  in  1907  by 
the  Joint  Committee  of  Chemical  and  Physiological  Societies: 

Protamines. — Simplest  form  of  albumin.  Example,  salmine  (CsoHsyN^Ofl), 
found  in  salmon  spawn. 

HisTONES. — More  complex  bodies  isolated  from  blood-corpuscles.  Precipitated 
by  ammonia. 

Albumins. — Soluble  in  water,  diluted  acids,  alkalis,  saturated  solution  of 
sodium  chloride.  Coagulated  by  heat.  Examples,  serum-albumin,  egg-albumen, 
milk-albumin,  and  the  albumin  of  seeds. 

Globulins. — Insoluble  in  water,  soluble  n  dilute  solution  of  sodium  chloride. 
Coagulate  on  boiling.  Examples,  myosin  (from  lean  meat),  fibrinogen  (the  blood 
constituent  that  clots),  serum  globulin,  and  vegetable  globulins. 

ScLEROPROTEiNS. — Like  keratin  and  gelatin. 

Phosphoproteins,  like  vitellin  (from  yolk  of  egg)  and  caseinogen. 

Conjugated  Proteins. — 

NiLcleoproteins. — Such  as  are  isolated  from  yeast-cells. 

Glucojrroteins. — Insoluble  in  water,  soluble  in  60  per  cent,  alcohol.  Example, 
mucin.  ■> 

Chromoproteins. — Like  hemoglobin. 

Protein  Derivatives. — 

Metaproteins. — Insoluble  in  water,  soluble  in  acids  and  alkalis.  Example, 
syntonin. 

Proteoses. — Partly  soluble  in  water.  Products  of  digestion  of  albumin  with 
vegetable  enzymes  like  papain.     Found  in  many  seeds. 

Peptones. — Perfectly  soluble  in  water.     Not  precipitated  by  sodium  chloride. 

Polypeptides. — Mostly  synthetic  substances;  some  products  of  hydrolysis  of 
proteins. 

Serum -albumin  is  of  particular  interest  to  us  inasmuch  as,  in  the 
derangement  of  the  human  system  producing  the  complaint  called 
Bright's  disease,  the  serum-albumin  of  the  blood  passes  through  the 
diseased  kidney  tissue  and  appears  in  the  urine.  The  significance  of 
the  presence  of  albumin  in  the  urine  is  beyond  the  limits  of  this  book, 
and  for  further  particulars  on  this  interesting  and  important  subject 
the  reader  is  referred  to  standard  works  on  urinary  analysis. 

Egg -albumen  is  of  interest  as  an  important  food-stuff.  While 
ordinary  egg-albumen  is  difficult  to  crystallize,  its  crystallization  has 
been  accomplished  by  Hopkins.     Egg-albumen  combines  with  iron 
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salts  to  form  iron  albuminate,  which  dissolves  in  dilute  alkali.  The 
soluble  (scale)  form  of  this  chemical  is  made  with  sodium  citrate. 
A  solution  of  it  (liquor  ferri  albuminati)  is  found  in  the  National 
Formulary. 

Coagulated  egg-albumen,  digested  with  pepsin  and  acid,  dissolves 
with  the  formation  of  peptone,  which  has  the  same  percentage  com- 
position as  pepsin.  This  is  a  basis  of  the  United  States  Pharmaco- 
poeia test  for  the  presence  of  pepsin  (p.  934).  Most  commercial 
peptones  are  made  from  lean  beef  instead  of  from  eggs.  Peptone, 
like  egg-albumen,  forms  a  soluble  iron  salt — iron  peptonate.  Solution 
of  peptonate  of  iron,  containing  y^g  of  1  per  cent,  metallic  iron,  is 
recognized  by  the  National  Formulary. 

Similar  are  the  peptomanganese  preparations,  a  typical  one  of 
which  is  liquor  peptonati  cum  mangano,  N.  F. 

Phytoalbumin  is  of  pharmaceutic  interest  merely  because  it  makes 
up  the  larger  bulk  of  horny  seeds — an  official  example  being  the 
albumin  of  nux  vomica. 

Globulin  is  of  passing  interest  because  one  form  of  it  is  a  con- 
stituent of  albuminous  urine,  and  differs  from  serum-albumin  by  being 
precipitated  by  magnesium  sulphate. 

Fibrinogen  is  an  albuminoid  of  the  blood,  the  clotting  of  which 
is  caused  by  the  conversion  of  the  substance  into  fibrin. 

Vitellin  is  the  albuminoid  found  in  yolk  of  egg. 

Syntonin  is  acid  albumin,  and  can  be  made  by  boiling  egg-albumen 
with  nitric  acid.  It  is  here  mentioned  because  its  formation  often 
misleads  the  tyro  in  urinary  analysis  in  the  nitric  acid  test.  If  nitric 
acid  be  added  to  urine  containing  albumin,  the  latter  coagulates 
and  precipitates.  If  too  much  acid  is  added,  syntonin  is  formed, 
and  no  precipitation  occurs. 

Legumin  is  found  in  the  seed  of  the  Leguminosae.  It  is  soluble 
in  diluted  alkali. 

Casein  is  the  chief  albuminoid  of  milk,  from  which  it  can  be 
separated  by  means  of  rennet,  acids,  and  some  salts,  such  as  the  alums. 

Nuclein  is  the  albuminoid  of  the  cell  nucleus,  that  center  of  activity 
of  the  living  cell. 

Hemaglobin  is  an  iron-bearing  constituent  of  the  blood,  to  which 
it  ^  transmits  its  red  color.  By  treating  defibrinated  blood  with 
acidulated  pepsin  and  exactly  neutralizing  with  sodium  carbonate 
there  is  precipitated,^  Hematin,  which  has  been  recommended  as  a 
remedy  for  anemia,  since  it  contains  iron  in  easily  assimilable  form. 
Its  crystalline  hydrochloric  acid  compound  is  called  hemin. 

GELATINUM.     Gelatin. 

The  purified  air-dried  product  of  the  hydrolysis  of  certain  animal  tissues,  as 
skin,  ligaments,  and  bones,  by  treatment  with  boiling  water. 

An  amorphous,  more  or  less  transparent  solid,  usually  shredded  or  in  thin  sheets; 
colorless  or  with  a  slight  yellowish  tint,  inodorous,  and  having  a  slight,  characteristic, 
almost  insipid  taste.  Unalterable  in  the  air  when  dry,  but  putrefying  rapidly  when 
moist  or  in  solution. 

When  incinerated.  Gelatin  is  decomposed,  leaving  a  slight  mineral  residue  which 
should  not  exceed  2  per  cent,  of  the  original  weight. 

Gelatin  is  insoluble  in  cold  water,  but  swells  and  softens  when  immersed  in  it, 
^adually  absorbing  from  5  to  10  times  its  weight  of  water.     It  is  soluble  in  boiling 
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water,  acetic  acid,  and  glycerin;  insoluble  in  alcohol,  ether,  chloroform,  benzene, 
carbon  disulphide,  and  fixed  and  volatile  oils. 

When  dissolved  in  boiling  water  (1  in  50),  it  should  solidify  upon  cooling,  and 
form  a  transparent  jelly. 

An  aqueous  solution  of  Gelatin  (1  in  5000)  is  at  once  rendered  turbid  on  the 
addition  of  tannic  acid  T.S.,  the  precipitate  being  insoluble  in  the  presence  of  an 
excess  of  the  reagent. 

Gelatin  is  precipitated  from  its  aqueous  solution  by  mercuric  chloride  T.S.  in 
excess;  it  is  not  precipitated  by  a  solution  of  alum,  by  ferric  chloride  T.S.,  or  by  lead 
acetate  T.S. 

If  potassium  dichromate  T.S.  be  added  to  a  solution  of  Gelatin  in  hot  water, 
the  jelly  which  forms  on  cooling  becomes  insoluble  in  warm  water  after  exposure  to 
light. 

Gelatin  is  prepared  from  bones  by  boiling  same  in  v^^ater  under 
pressure  (as  in  a  boiler),  skimming  the  solution  of  gelatin  to  remove 
fat,  and  clarifying  if  necessary.  On  cooling  the  gelatin  solidifies, 
and  this  is  cut  into  cakes  and  dried  on  fish-nets.  This  explains  the 
netted  marking  on  the  best  quality  of  the  sheet  gelatin. 

Glue  is  an  impure  gelatin  made  by  digesting  all  kinds  of  gelatinous  animal  refuse — 
hide,  horns,  hoofs,  as  well  as  bones — by  the  process  just  given. 

Gelatin  is  not  soluble  in  cold  water,  but  swells  therein  to  form  a 
jelly.  It  dissolves  in  boiling  water,  and  is  not  precipitated  from  this 
solution  by  nitric  acid  nor  by  potassium  ferrocyanide,  as  is  egg- 
albumen.  The  precipitate  formed  when  its  solution  is  treated  with 
tannin  is  similar  to  leather  (p.  791).  It  will  be  noticed  from  the 
pharmacopceial  tests  that  its  jelly  is  made  impervious  to  moisture  by 
treatment  with  potassium  dichromate.  Formaldehyde  acts  in  the 
same  way,  and  these  two  chemicals  are  now  used  for  tanning  finer 
grades  of  leather. 

GELATINUM   GLYCERINATUM.     Glycerinated  Gelatin. 

Recipe. — Gelatin,  one  hundred  grammes 100  Gm. 

Glycerin,  one  hundred  grammes 100  Gm. 

Water,  a  sufficient  quantity, 

To  make  two  hundred  grammes. .  200  Gm. 

Pour  upon  the  Gelatin  sufficient  Water,  which  has  been  previously  boiled  and 
cooled,  to  cover  it;  allow  it  to  stand  one  hour;  pour  off  the  Water  and  allow  the 
Gelatin  to  drain  for  a  few  minutes;  then  transfer  it  to  a  tared  dish,  add  the  Glycerin, 
and  heat  it  on  a  water-bath  until  the  Gelatin  is  dissolved.  Strain  the  solution  while 
hot,  and  continue  to  heat  on  the  water-bath,  until  the  product  weighs  two  hundred 
grammes.  When  cold,  cut  the  mass  into  pieces,  and  preserve  these  in  suitable  con- 
tainers. 

Remarks. — The  faintly  straw-colored  transparent  jelly  thus  pro- 
duced is  used  as  a  suppository  base  (p.  334),  although,  from  what  has 
been  said  above  concerning  the  formation  of  leather  from  gelatin,  it 
is  clear  that  this  base  should  not  be  used  in  making  tannin  supposi- 
tories. It  is  important  that  all  the  water  be  driven  off  in  making  the 
mass,  as  provided  by  the  pharmacopoeia,  for  if  any  remains,  the  mass 
grows  mouldy  and  turns  dark  brown. 

Keratin  is  the  chief  constituent  of  horny  tissue,  and  is  obtained 
therefrom  by  digestion  in  artificial  gastric  juice  (diluted  hydrochloric 
acid  plus   pepsin)    until   all   albuminous   matter  is   dissolved.     The 
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washed  insoluble  residue  is  then  macerated  several  weeks  with 
ammonia,  and  the  ammoniated  liquid  on  evaporation  yields  keratin 
as  a  sticky  mass. 

It  is  insoluble  in  acids,  but  soluble  in  alkali,  hence  is  of  medicinal 
value  as  a  coating  for  enteric  pills  (p.  321). 

PEPSINUM.     Pepsin. 

A  proteolytic  ferment  or  enzyme,  obtained  from  the  glandular  layer  of  the  fresh 
stomach  of  the  hog  (Sus  scrofa,  var.  domesticus  Gray),  and  proved  to  be  capable, 
when  assayed  by  the  process  given  below,  of  digesting  not  less  than  3000  times  its 
own  weight  of  freshly  coagulated  and  disintegrated  egg-albumen. 

If  it  is  desired  to  use  a  diluent  for  reducing  Pepsin  of  a  higher  digestive  power  to 
that  required  by  the  Pharmacopoeia,  sugar  of  milk  should  be  employed  for  this  pur- 
pose. 

Lustrous  white,  pale  yellow  or  yellowish,  transparent  or  translucent  scales  or 
grains,  or  a  fine  white  cream-colored  amorphous  powder,  free  from  any  offensive 
odor,  and  having  a  slightly  acid  or  saline  taste.  It  should  be  not  more  than  slightly 
hygroscopic. 

Soluble  or  almost  entirely  soluble  in  about  50  parts  of  water,  the  solution  having 
more  or  less  opalescence;  more  soluble  in  water  acidulated  with  hydrochloric  acid; 
insoluble  in  alcohol,  ether,  or  chloroform. 

Pepsin,  when  in  solution,  is  incompatible  with  alkalis,  alkaline  earths,  or 
alkali  carbonates.  The  presence  of  hydrochloric  acid  of  greater  strength  than  0.5 
per  cent,  inhibits  and  rapidly  destroys  its  proteolytic  activity.  Its  solution  is  pre- 
cipitated by  the  salts  of  many  heavy  metals,  and  by  tannic  acid  or  gallic  acid.  Pepsin 
and  pancreatin  in  solution  are  incompatible  with  one  another;  if  the  solution  be 
neutral  or  alkaline,  the  pancreatin  gradually  destroys  the  Pepsin,  and  if  acid,  the 
Pepsin  destroys  the  pancreatin. 

On  heating  a  solution  of  Pepsin  in  acidulated  water  to  100°  C.  (212°  F.)  it 
becomes  milky,  or  yields  a  light  flocculent  precipitate,  and  loses  all  proteolytic  power; 
in  a  dry  state  it  is  not  injured  if  subjected  to  the  above  temperature.  The  activity 
of  Pepsin  in  solution  is  destroyed  by  temperatures  exceeding  70°  C.  (158°  F.).  Pep- 
sin usually  has  a  slightly  acid  reaction;  it  may  be  neutral,  but  should  never  be  alkaline. 

Assay  of  Pepsin 

Pepsin,  one-tenth  gramme 0.1  Gm. 

Egg  Albumin,  boiled  and  disintegrated,  ten  gram-. 

mes 10.0  Gm. 

Diluted  Hydrochloric  Acid, 

Distilled  Water,  each,  a  sufficient  quantity. 

Mix  9  Cc.  of  diluted  hydrochloric  acid  with  291  Cc.  of  distiUed  water,  and  dis- 
solve the  Pepsin  in  150  Cc.  of  the  acid  liquid.  Immerse  a  hen's  egg,  which  should 
be  fresh,  during  fifteen  minutes  in  boiling  water;  remove  the  pellicle  and  all  of  the 
yolk;  rub  the  white,  coagulated  albumin  through  a  clean  No.  40  sieve.  Reject  the 
first  portion  that  passes  through  the  sieve,  and  place  10  Gm.  of  the  succeeding 
portion  in  a  wide-mouthed  bottle  of  100-Cc.  capacity.  Add  20  Cc.  of  the  acid  liquid, 
and  with  the  aid  of  a  glass  rod  tipped  with  cork  or  black  rubber  tubing,  completely 
disintegrate  the  albumin;  then  rinse  the  rod  with  15  Cc.  more  of  the  acid  liquid  and 
add  5  Cc.  of  the  solution  of  Pepsin.  Cork  the  bottle  securely,  invert  it  three  times, 
and  place  it  in  a  water-bath  that  has  previously  been  regulated  to  maintain  a  tem- 
perature of  52°  C.  (125.6°  F.).  Keep  it  at  this  temperature  for  two  and  one-half 
hours,  agitating  every  ten  minutes  by  inverting  the  bottle  once.  Then  remove  it 
from  the  water-bath,  add  50  Cc.  of  cold  distilled  water,  transfer  the  mixture  to  a 
narrow  graduated  cylinder,  and  allow  it  to  stand  for  half  an  hour.  The  deposit  of 
undissolved  albumin  should  not  then  measure  more  than  1  Cc. 

The  relative  proteolytic  power  of  Pepsin  stronger  or  weaker  than  that  just 
described  may  be  determined  by  ascertaining  through  repeated  trials  the  quantity 
of  the  above  Pepsin  solution  required  to  digest,  under  the  prescribed  conditions, 
10  Gm.  of  boiled  and  disintegrated  egg-albumen.  Divide  15,000  by  this  quantity 
expressed  in  Cc.  to  ascertain  how  many  parts  of  egg-albumen  one  part  of  the  Pepsin 
will  digest. 
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Tests  for  Identity. — Given  above. 

Assay. — Given  above. 

Extraction. — The  mucous  membrance  of  the  hog's  stomach  is 
treated  with  water  acidulated  with  hydrochloric  acid  at  a  temperature 
of  38°  to  45°  C.  until  the  entire  mass  is  fluid,  chloroform  or  sulphurous 
acid  being  used  to  prevent  putrefaction,  and  the  liquid  allowed  to 
stand  over  night,  whereupon  the  fluid  portion  is  strained  from  the 
sediment,  evaporated  in  vacuo  to  the  consistence  of  a  syrup,  which 
is  scaled  on  plates  of  glass. 

Composition. — While  absolutely  pure  pepsin  is  not  known,  it  is 
supposed  to  be  protein  compound.  The  commercial  pepsin,  even  of 
the  highest  strength,  contains  foreign  matter,  such  as  mucus,  peptones, 
and  syntonin.  It  will  be  seen  from  the  official  description  that  the 
test  for  pepsin  is  its  ability  for  dissolving  egg-albumen,  one  grain  of 
the  official  pepsin  being  supposed  to  have  the  power  of  dissolving 
3000  grains  of  hard-boiled  white  of  egg  when  digested  at  the  proper 
temperature  in  an  acid  mixture  representing  very  closely  the  acidity 
of  the  stomach.  Such  pepsin  is  designated  as  1  :  3000.  Other  pepsins 
of  weaker  strength  are  known  (such  as  1  :  1000  and  1  :  500),  in  each 
case  the  larger  number  representing  the  number  of  grains  of  albumin 
which  one  grain  of  the  pepsin  can  dissolve.  These  weaker  pepsins 
can  be  used  in  place  of  the  1  :  3000  pepsin,  provided  a  proportionally 
larger  quantity  is  employed,  the  proportion  needed  being  inversely 
the  amount  of  egg-albumen  which  their  pepsin  dissolves.  Thus, 
if  we  used  1  :  1800  pepsin  in  place  of  1  :  3000  pepsin,  for  every  1800 
grains  of  pepsin  of  1  :  3000  strength,  we  will  require  3000  grains  of  the 
1  :  1800.  It  can  be  seen  from  this  statement  that  such  problems  are 
solved  by  alligation,  the  method  being  exactly  identical  with  the 
reduction  of  alcohol  of  a  certain  strength  to  that  of  another  strength. 

Pepsin  is  a  valuable  aid  to  digestion.  It  is  administered  as  com- 
pound digestive  powder,  N.  F. ;  essence  of  pepsin,  N.  F. ;  glycerite  of 
pepsin,  N.  F.;  elixir  of  pepsin,  N.  F.,  and  compound  digestive  elixir, 
N.  F. 

Of  these  preparations,  the  glycerite  is  the  only  one  that  is  effective, 
as  the  alcohol  of  the  essence  and  elixir  and  the  alkali  and  pancreatin 
of  the  compound  digestive  powder  and  compound  digestive  elixir  make 
the  pepsin  inert. 

Dose. — 250  milligrammes  (4  grains). 


PANCREATINUM.     Pancreatin. 

A  mixture  of  the  enzymes  naturally  existing  in  the  pancreas  of  warm-blooded 
animals,  usually  obtained  from  the  fresh  pancreas  of  the  hog  (Stis  scrofa,  var.  domesti- 
cus  Gray)  or  the  ox  (Bos  taunts  Linne),  and  consisting  principally  of  amylopsin, 
myopsin,  trypsin,  and  steapsin,  and  proved  to  be  capable,  when  assayed  by  the 
process  given  below,  of  converting  not  less  than  25  times  its  own  weight  of  starch 
into  substances  soluble  in  water. 

A  cream-colored,  amorphous  powder,  having  a  faint,  peculiar,  not  unpleasant 
odor,  and  a  somewhat  meat-like  taste. 

Slowly  soluble  in  water  and  containing  not  more  than  10  per  cent,  of  substances 
insoluble  in  this  solvent;  insoluble  in  alcohol. 

Pancreatin  digests  albuminoids  and  converts  starch  into  sugar,  dextrin,  or  mal- 
tose; it  exhibits  its  peculiar  activities  in  neutral,  faintly  alkaline,  and  faintly  acid 
media;  more  than  traces  of  mineral  acids  or  large  amounts  of  alkalis  render  it  inert. 
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Alkali  carbonates  exert  slightly  inhibitory  power  upon  Pancreatin.     The  digestive 
power  of  Pancreatin  is  injured  by  contact  with  pepsin  in  solution. 

If  0.28  Gm.  of  Pancreatin  and  1.5  Gm.  of  sodium  bicarbonate  be  added  to  100  Cc. 
of  tepid  water  contained  in  a  flask,  and  if  400  Cc.  of  fresh  cows'  milk,  which  has  been 
previously  heated  to  38°  C.  (100.4°  F.),  be  then  added,  and  the  temperature  of  the 
mixture  maintained  at  this  point  for  thirty  minutes,  the  milk  should  be  so  completely 
peptonized  that,  if  a  small  portion  of  it  be  transferred  to  a  test-tube  and  mixed 
with  some  nitric  acid,  no  coagulation  should  occur. 

Assay  of  Pancreatin 

Pancreatin,  three-tenths  of  a  gramme 0.3  Gm. 

Starch,  dry  and  in  fine  powder,  seven  and  one-half 

grammes 7.5  Gm. 

Distilled  Water, 

Tenth -normal  Iodine  V.S.,  each,  a  sufficient  qttantity. 

Introduce  the  starch  into  a  flask,  add  120  Cc.  of  distilled  water,  and  boil  until 
a  translucent  mixture  results.  Cool  the  resulting  paste  to  40.5°  C.  (105°  F.),  and 
add  to  it  the  Pancreatin,  previously  dissolved  in  about  10  Cc.  of  distilled  water  at 
40.5°  C,  (105°  F.).  Shake  the  flask  well,  maintaining  the  temperature  of  the  mixture 
at  40.5°  C.  (105°  F.)  during  five  minutes;  at  the  end  of  this  time  all  of  the  starch  should 
be  converted  into  substances  soluble  in  water,  and  a  thin  liquid  be  produced.  Mix 
2  drops  of  tenth-normal  iodine  V.S.  with  60  Cc.  of  distilled  water,  and  add  to  it  2 
drops  of  the  warm  converted  starch  solution;  no  color  should  result,  or,  at  most, 
a  wine-red  color,  showing  the  presence  of  dextrin  and  maltose.  The  appearance  of 
a  blue  or  purple  color  indicates  the  presence  of  unconverted  starch  and  that  the  Pan- 
creatin is  below  the  standard — i.  e.,  that  of  converting  not  less  than  25  times  its  own 
weight  of  starch  into  substances  soluble  in  water. 

Tests  for  Identity. — Given  above. 

Assay. — Given  above. 

Composition. — Amylopsin,  myopsin,  trypsin,  and  steapsin  (all 
albuminoids).  Trypsin  and  myopsin  digest  albumin,  amylopsin 
hydrolyzes  starch,  while  steapsin  emulsifies  fats. 

Extraction. — The  minced  pancreas  is  macerated  for  some  time  with 
water  containing  enough  chloroform  to  prevent  putrefaction.  The 
liquid  is  then  expressed  from  the  residue,  is  filtered,  and  rapidly  evap- 
orated at  a  temperature  not  exceeding  45°  C. 

Remarks. — The  test  for  pancreatin  is  the  estimation  of  its  pep- 
tonizing power;  that  is,  0.28  gramme  of  pancreatin  and  1.5  grammes 
of  sodium  bicarbonate  should  be  capable  of  converting  the  albumin 
of  400  Cc.  cows'  milk  into  peptone,  which  is  not  coagulated  by  nitric 
acid.  Not  only  is  this  process  used  as  a  test,  but  the  peptonized  milk 
itself  is  sometimes  used  as  a  diet  where  the  stomach  cannot  tolerate 
the  natural  albumin  of  milk. 

The  assay  of  pancreatin  is  based  on  its  ability  to  convert  starch 
into  dextrin  and  maltose;  the  requirements  being  that  one  part  of 
pancreatin  should  be  able  to  transform  at  least  25  times  its  weight 
of  starch. 

While  pepsin  acts  as  in  acid  medium,  pancreatin  is  of  value  only 
when  combined  with  mild  alkalis,  and  this  emphasizes  the  absurdity 
of  prescribing  these  two  substances  in  combination,  a  medium  which 
will  develop  the  activity  of  pepsin  rendering  pancreatin  inert. 

Pepsin  and  pancreatin  are  of  value  in  dyspepsia,  both  acting  as 
food  digestants;  their  natural  function  in  the  animal  economy.  The 
two  differ,  however,  as  to  the  kind  of  food  each  digests,  pepsin  digesting 
albuminoid  matter  of  the  stomach,  while  pancreatin  digests  albumin- 
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oids,  starch,  and  fat  in  the  intestines.  To  be  effective,  pi 
should  be  administered  only  in  enteric  pills  It  is  a  consti\ 
peptonizing  powder,  N.  F.,  of  compound  powder  of  pepsin,  N. 
of  compound  digestive  elixir,  N.  F. 

Dose. — 500  milligrammes  (7^  grains). 

Diastase  is  the  ferment  (or  enzyme)  found  in  malt,  from  which  it  is 
obtained  by  maceration  of  malt  with  cold  water,  and  then  pouring 
the  filtered  infusion  into  double  the  amount  of  strong  alcohol.  Taka 
diastase  is  prepared  by  treating  wheat  bran  with  a  peculiar  fungus, 
called  in  Japan  "moyashi,"  extracting  the  diastase  thus  formed  with 
water,  and  precipitating  with  alcohol.  Diastase  converts  starch  into 
dextrin  and  maltose,  and  is,  therefore,  used  in  starchy  indigestion. 

Dose. — 300  milligrammes  (5  grains). 

Papain  is  the  ferment  obtained  from  the  milk  juice  of  Carica 
papaya,  and  has  been  recommended  as  a  general  digestant  and  for 
dissolving  the  diphtheritic  membrane.  Do  not  confuse  this  with  a 
liquid  nostrum,  papaine,  which  is  used  as  a  sedative. 

Emulsin  and  myrosin  are  ferments  found  respectively  in  bitter 
almond  and  black  mustard,  and  have  already  been  considered  under 
those  headings.     Of  their  chemistry  but  little  is  known. 

Flesh  is  a  combination  of  fibrous  tissue  with  blood,  albuminoids, 
and  a  host  of  other  substances,  such  as  the  urea  derivatives,  sarcin 
and  carnin. 

Meat  preparations  used  for  invalid  diet  are  a  part  of  the  stock  of 
the  modern  drug-store,  hence  a  few  words  concerning  these  are  in 
place.  Of  these  meat  products  the  only  ones  of  real  nutritive  value 
are  meat-juices,  made  by  expressing  the  juice  from  a  slightly  broiled 
steak.  These  juices  decompose  as  rapidly  as  does  meat  itself,  hence 
must  be  either  fortified  by  preservatives  or  dispensed  in  a  perfectly 
fresh  condition.  The  writer  knows  of  several  progressive  pharmacists 
who  have  built  up  a  large  trade  in  meat-juice,  preparing  same  fresh 
every  day. 

Beef-tea  is  made  by  digesting  finely  chopped  meat  with  warm 
water  and  straining. 

Beef-extracts  represent  beef-tea  evaporated  in  vacuo — being  admin- 
istered redissolved  in  warm  water.  Both  of  these  products  are  practi- 
cally devoid  of  nutritive  qualities,  its  stimulating  action  being  due  to 
the  sarcin  and  carnin  they  contain,  these  bodies  acting  similarly  to 
their  allied  body,  caffeine.  One  authority  has  claimed  that  "  beef-tea  " 
has  no  more  nutritive  action  than  has  urine. 

Milk  is  caseine  emulsion  of  fat  (butter),  containing  milk-sugar  and 
inorganic  salts. 

When  milk  is  treated  with  yeast,  the  milk-sugar  ferments  to  lactic 
acid,  and  if  the  operation  is  carefully  conducted,  we  obtain  the  phar- 
maceutical called  koumiss.  A  recipe  for  this  liquor  is  found  in  the 
National  Formulary  under  the  name  of  "  lac  fermentatum." 

The  original  koumiss  was  made  in  Russia  by  fermenting  mares' 
milk  with  a  peculiar  ferment,  kephir. 

Condensed  milk  is  milk  evaporated  in  vacuo,  and  usually  preseved 
by  addition  of  cane-sugar. 

Solid  evaporated  milk  is  now  on  the  market;  one  brand — "  Nutrium' ' 
— consists  of  40  per  cent,  proteids,  45.7  per  cent,  sugar  of  milk,  8.57 
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per  cent,  lime  salts  and  other  minerals,  and  5.73  moisture.  It  is  said 
that  100  pounds  skim  milk  give  10  pounds  nutrium. 

Infant's  food,  of  which  there  are  a  great  host,  can  be  grouped  into 
the  following  classes: 

Milk  Foods. — Such  as  condensed  milk.  Bad  as  exclusive  infant 
diet. 

Predigested  Foods. — Milk  foods  digested  with  pepsin  or  pancreatin. 

Cereal  Foods. — Grains  dextrinized  by  heat.  To  be  used  mixed 
with  milk. 

Malted  Foods. — Cereals  digested  with  milk  and  then  dried.  Used 
mixed  with  milk. 

Mixed  Foods. — (a)  Combinations  of  extract  of  barley  or  wheat  with 
powdered  predigested  milk. 

(6)  Dextrinized  cereals  with  unpredigested  milk  powder. 

ANIMAL  DRUGS 

At  this  place  we  will  discuss  those  drugs  of  animal  origin — whole 
animals,  animal  organs,  and  animal  excretions — which  are  of  such 
complex  composition  that  they  cannot  be  classed  among  definite 
chemicals.  As  examples  of  animal  products  that  are  definite  chemicals 
may  be  cited  lactic  acid  (p.  677),  the  animal /a^s,  oils,  and  waxes  dis- 
cussed in  Chapter  XLI.,  and  the  animal  proteins,  pepsin  and  pan- 
creatin, discussed  on  the  foregoing  pages  of  this  chaipter.  The  discus- 
sion of  the  other  animal  products  in  this  chapter  may  be  misleading, 
inasmuch  as  some  of  the  products  here  considered  are  not  albumin- 
oidal  in  character.  However,  as  the  characteristic  compounds  of 
most  living  animal  tissue  are  protein  matter,  it  seems  appropriate  to 
discuss  animal  drugs  at  this  place,  with  the  warning  given  above. 

The  drugs  to  be  considered  may  be  classified  as  follows: 

Whole  Animals. — Cantharides,  U.  S.  P.,  and  Cochineal,  U.  S.  P. 

Animal  Organs. — Egg  (or  the  yolk,  Vitellus,  U.  S.  P.  1890),  isin- 
glass, U.  S.  P.  1890,  the  musk-sac  (the  contents  thereof  is  official), 
thyroidal  glands,  U.  S.  P.,  suprarenal  glands,  U.  S.  P. 

Animal  Excretions. — Oxgall,  U.  S.  P.;  milk  (p.  678). 

Antitoxins. — Antidiphtheritic  serum,  U.  S.  P.;  other  serums. 
Vaccine  Virus. 

CANTHARIS.     Cantharides.     Spanish  Fly. 

The  beetle,  Cantharis  vesicatoria  (Linne)  De  Geer,  thoroughly  dried  at  a  tem- 
perature not  exceeding  40°  C.  (104°  F.). 

Cone'r,  uents. — Cantharidin,  gum,  fixed  oil,  etc.  Cantharidin, 
the  vesicating  principle,  has  the  composition  C10H12O4,  and  is  the  an- 
hydride of  cantharidinic  acid,  CioHi203(OH)2. 

Remarks. — Since  cantharidin  is  a  distinctive  neutral  principle, 
this  drug  might  be  discussed  more  properly  in  Chapter  XLVIII. 

Cantharides  are  beetles,  which  differ  from  flies  in  having  cases  into 
which  they  fold  their  wings.  The  active  principle  is  cantharidin, 
which  produces  the  irritating  effects  of  the  drug,  and  which  is  sub- 
limable.  Hence  care  must  be  observed  in  hovering  over  melting 
cantharides  cerate,  as  thereby  severe  irritation  of  the  eyes  may  ensue. 
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Medical  Properties. — Aphrodisiac,  vesicant,  stimulant  to  scalp. 
Administered  internally  (rarely  nowadays)  in  the  form  of  the  official 
tincture  (p.  224).  Externally  as  the  official  cerate  (p.  341)  properly 
spread  (fly  blister). 

Dose. — Of  drug,  30  milligrammes  (^  grain). 

COCCUS.     Cochineal. 

The  dried  female  insect,  Pseudococcus  cadi  (Linn6)  Burmeister. 

Constituents. — Carminic  acid,  wax,  and  fat;  not  more  than  6  per 
cent.  ash. 

Remarks. — Cochineal  is  the  female  insect  gathered  while  with 
young.  Like  cantharides  it  might  more  properly  be  considered  in 
Chapter  XL VIII.,  as  carminic  acid  is  grouped  among  the  class  of 
proximate  principles  called  natural  colors.  This  body,  CuHijO^, 
has  been  proved  to  be  a  derivative  of  naphthoquinone  (p.  866). 
Carmine  is  the  insoluble  form  of  carminic  acid,  made  by  precipitating 
an  infusion  of  cochineal  with  either  alum  or  potassium  bitartrate. 
The  ash  requirement  given  above  is  based  on  the  fact  that  cochineal 
is  largely  adulterated  with  mineral  matter. 

Medical  Properties. — Used  entirely  as  a  color,  the  10  per  cent, 
tincture  (menstruum,  80  per  cent,  alcohol)  being  employed.  For  this 
purpose,  however,  solution  of  carmine,  N.  F.,  is  preferable. 

Vitellus,  U.  S.  P.  1890,  is  the  yolk  of  the  egg.  It  contains  30  per 
cent,  fixed  oil,  emulsionized  by  the  proteid  vitellin,  and  is  used  as  a 
protective  dressing  in  burns  and  for  making  emulsion  of  cod  liver  oil 
(p.  267). 

Ichthyocolla,  U.  S.  P.  1890,  or  isinglass,  represents  the  dried 
"sounds"  (swimming  bladders)  of  the  Russian  sturgeon,  Acipenser 
Huso,  whose  eggs  (roe)  constitute  that  delicacy,  caviar. 

It  is  almost  pure  gelatin,  and  is  the  adhesive  constituent  of  court 
plaster.     {Emplastrum  Ichthyocollce,  U.  S.  P.  1890.) 

MOSCHUS.     Musk. 
The  dried  secretion  from  the  preputial  follicles  of  Moschus  moschiferus  Linn6. 

Constituents. — Ammonia,  cholesterin  (p.  941),  fat,  wax,  odorous 
principle. 

Remarks. — By  "preputial  follicles"  is  meant  a  little  sac  situated 
between  the  navel  and  the  penis  of  the  musk  deer  (Moschus  moschi- 
ferus), an  animal  that  lives  in  the  mountains  of  Central  Asia.  Offi- 
cial musk  is  the  "secretion" — the  contents — of  this  sac.  It  is  used 
largely  in  perfumery.  Bear  in  mind  that  artificial  musk  (p.  815) 
has  nothing  in  common  with  the  drug,  save  its  similar  perfume. 

Medical  Properties. — Powerful  stimulant,  of  especial  value  in  the 
exhaustion  that  comes  with  pneumonia.  While  little  used,  it  is  badly 
needed  when  desired,  and  that  of  the  best  quality;  hence  the  pharma- 
cist should  always  be  ready  to  furnish  a  high  grade  of  musk  on  demand. 
The  tincture  (p.  231)  is  official. 

Dose. — 250  milligrammes  (4  grains). 
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GLANDULE   THYROIDE^  SICC^.     Desiccated  Thyroid  Glands.         ! 

The  thyroid  glands  of  the  sheep  {Ovis  aries  Linn^),  freed  from  fat,  and  cleaned, 
dried,  and  powdered. 

A  yellowish,  amorphous  powder,  having  a  slight,  peculiar  odor,  and  containing 
the  active  ingredient  of  the  thyroid  tissue;  partially  soluble  in  water. 

One  part  of  Desiccated  Thyroid  Glands  represents  approximately  5  parts  of  the 
fresh  glands. 

Upon  incineration  it  should  yield  not  more  than  6  per  cent,  of  ash. 

If  1  Gm.  of  Desiccated  Thyroid  Glands  be  mixed  with  an  equal  weight  of  pure 
sodium  hydroxide  and  carefully  fused  in  a  silver  dish,  and  oxidized  by  adding  potas- 
sium nitrate  while  fusing,  until  a  white  mass  remains,  and  if  the  fused  mass  be  dis- 
solved in  a  small  quantity  of  water,  the  solution  treated  with  2  Gm.  of  sodium  nitrite, 
acidified  with  concentrated  nitric  acid,  and  then  shaken  with  5  Cc.  of  chloroform, 
a  decided  pink  to  violet  coloration  shou  d  be  imparted  to  the  latter  (presence  of 
iodine  compounds).  A  cold  extract  of  Desiccated  Thyroid  Glands,  treated  with  2  Gm. 
of  sodium  nitrite  and  acidified  with  strong  nitric  acid,  should  not  give  the  iodine  test 
on  shaking  with  chloroform. 

Constituents. — Thyroiodin,  combined  with  proteid  matter,  etc. 
The  ''thyroid  gland"  is  a  small  sac  found  in  the  neck.  Its  abnormal 
development  forms  the  disease  called  goiter. 

Remarks. — Thyroidin  owes  its  activity  largely  to  its  iodine  content, 
and  some  specimens  contain  as  much  as  14  per  cent,  of  that  element. 
The  last  test  given  above  shows — first,  that  iodine  is  present,  and, 
secondly,  that  it  is  present  in  organic  combination. 

Medical  Properties. — Furnishes  iodine  in  non-irritating  and  easily 
absorbable  form.     Used  in  goiter,  obesity,  etc. 

Dose. — 250  milligrammes  (4  grains). 

GLANDULE   SUPRARENALIS   SICCiE.     Desiccated  Suprarenal 

Glands. 

The  suprarenal  glands  of  the  sheep  {Oxis  aries  Linn6)  or  ox  {Bos  taurus  Linn6), 
freed  from  fat,  and  cleaned,  dried,  and  powdered. 

A  light  yellowish-brown,  amorphous  powder,  having  a  slight,  characteristic 
odor;  partially  soluble  in  water. 

One  part  of  Desiccated  Suprarenal  Glands  represents  approximately  6  parts  of 
fresh  glands,  free  from  fat. 

Upon  incineration  it  should  not  yield  more  than  7  per  cent,  of  ash. 

If  0.5  Gm.  of  Desiccated  Suprarenal  Glands  be  macerated  with  25  Cc.  of  water 
for  fifteen  minutes,  and  filtered,  the  filtrate  should  give  an  emerald-green  color  upon 
the  addition  of  a  few  drops  of  ferric  chloride  T.S.  The  green  color  disappears  quite 
rapidly. 

Constituents. — Epinephrin,  fat,  proteids,  ash,  etc. 

Remarks. — The  word  "suprarenal"  means  "above  the  kidney," 
and  explains  the  location  of  this  gland  in  the  animal  body.  Epi- 
nephrin is  a  basic  body  described  on  p.  795. 

This  alkaloid  in  a  more  or  less  pure  state  is  now  largely  advertised 
under  the  names  adrenalin,  suprarenin,  adrin,  etc. 

Medical  Properties. — Increases  blood-pressure,  hence  of  value  in 
shock.  Relieves  inflammation  of  mucous  membrane,  hence  recom- 
mended for  catarrh,  hay-fever,  etc. 

Dose. — Of  glands,  250  milligrammes  (4  grains).  For  external  use 
an  aqueous  or  oily  solution  of  the  active  principle  (1  :  100,000)  is  pref- 
erable. 
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FEL   BOVIS.     Oxgall. 

The  fresh  bile  of  Bos  taurus  Linne. 

A  brownish-green  or  dark  green,  somewhat  viscid  liquid,  having  a  peculiar, 
unpleasant  odor,  and  a  disagreeable,  bitter  taste. 

Specific  gravity:  L015  to  1.025  at  25°  C.  (77°  F.). 

It  is  neutral  or  has  a  faintly  alkaline  reaction  upon  litmus-paper. 

A  mixture  of  2  drops  of  Oxgall  and  10  Cc.  of  water,  when  treated,  first,  with 
a  drop  of  a  freshly  prepared  solution  of  1  part  of  sugar  in  4  parts  of  water,  and  after- 
ward with  sulphuric  acid,  cautiously  added,  until  the  precipitate  first  formed  is 
redissolved,  gradually  acquires  a  brownish-red  color,  changing,  successively,  to 
carmine,  purple,  and  violet. 

Constituents. — Sodium  salts  of  glycocholic  acid  and  taurocholic 
acid  ;  lecithin  ;  cholesterin  ;  the  bile-pigments,  bilirubin,  biliverdin,  etc. ; 
mucin;  water,  85  per  cent.  The  two  acids  above  mentioned  are  com- 
binations of  cholalic  acid,  C24H40O5,  with  glycocoll  (p.  673),  and  with 
taurine  (p.  673)  respectively.  Cholesterin  is  an  alcohol  (C24H45OH) 
whose  chemistry  is  little  understood.  Isocholesterin  will  be  remem- 
bered as  the  alcohol  with  which  oleic,  stearic,  and  palmitic  acids  are 
united  in  wool-fat  (p.  734). 

Remarks. — Bile  is  the  secretion  of  the  liver,  and  is  designed  to 
emulsionize  and  assimilate  fats.  The  test  given  above,  depending 
on  the  play  of  colors,  when  bile  is  treated  with  sugar  and  sulphuric 
acid  (Pettenkofer's  test),  is  very  characteristic. 

Medical  Properties. — Laxative  and  cholagogue.  Almost  invari- 
ably used  in  the  purified  form. 

FEL  BOVIS  PURIFICATUM.     Purified  Oxgall. 

Recipe. — Oxgall,  three  hundred  cubic  centimeters 300  Cc. 

Alcohol,  one  hundred  cubic  centimeters 100  Cc. 

Evaporate  the  Oxgall,  in  a  tared  porcelain  dish,  on  a  water-bath,  to  about  one 
hundred  grammes,  then  add  to  it  the  Alcohol,  mix  the  whole  thoroughly,  and  set  it 
aside,  well  covered,  for  three  or  four  days.  Then  decant  the  clear  solution,  filter 
the  remainder,  and,  having  mixed  the  liquids  and  distilled  off  the  alcohol,  evapor- 
ate the  residue  to  a  pilular  consistence. 

A  yeUowish-green,  soft  solid,  having  a  peculiar  odor,  and  a  partly  sweet  and  partly 
bitter  taste. 

Very  soluble  in  water  and  in  alcohol. 

A  solution  of  1  part  of  Purified  Oxgall  in  about  100  parts  of  water  behaves 
toward  sugar  and  sulphuric  acid  in  the  same  manner  as  the  solution  mentioned  under 
Fel  Bovis. 

An  aqueous  solution  of  Purified  Oxgall  should  be  clear,  and  should  remain  trans- 
parent upon  the  addition  of  an  equal  volume  of  alcohol  (evidence  of  proper  purifica- 
tion). 

Remarks. — This  consists  of  oxgall  dissolved  in  alcohol  to  remove 
the  mucin  and  other  mucilaginous  bodies,  and  after  distilling  off  the 
alcohol,  evaporating  the  residue  to  pilular  consistence.  It  is  an  im- 
proved form  of  the  old-fashioned  inspissated  oxgall. 

Medical  Properties. — Like  oxgall. 

Dose. — 500  milligrammes  (7^  grains). 

SERUM   ANTIDIPHTHERICUM.    Antidiphtheric  Serum. 
Diphtheria  Antitoxin. 

A  fluid  separated  from  the  coagulated  blood  of  a  horse  (Equv^  cabalu^  Linn6), 
immunized  through  the  inoculation  of  diphtheric  toxin.     It  should  be  kept  in  sealed 
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glass  containers,  in  a  dark  place,  at  temperatures  between  4.5°  and  15°  C.  (40°  and 
59°  F.). 

A  yellowish  or  yellowish-brown,  transparent  or  slightly  turbid  liquid,  odorless 
or  having  a  slight  odor  due  to  the  presence  of  the  antiseptic  used  as  a  preservative. 

Specific  gravity:  1.025  to  1.040  at  25°  C.  (77°  F.). 

Antidiphtheric  Serum  gradually  loses  its  power,  the  loss  in  one  year  varying 
between  10  and  30  per  cent.  Each  container  should  be  furnished  with  a  labd 
or  statement,  giving  the  strength  of  the  Antidiphtheric  Serum,  expressed  in 
antitoxic  units,  the  name  and  percentage  by  volume  of  the  antiseptic  used  for 
the  preservation  of  the  liquid  (if  such  be  used),  the  date  when  the  Antidiphtheric 
Serum  was  last  tested,  and  the  date  beyond  which  it  will  not  have  the  strength  indi- 
cated on  the  label  or  statement. 

The  standard  of  strength,  expressed  in  units  of  antitoxic  power,  should  be  that 
approved  or  established  by  the  United  States  Public  Health  and  Marine  Hospital 
Service. 

Remarks. — The  subject  of  antitoxins,  of  which  this  new  official 
is  the  most  prominent  example,  is  more  medical  than  pharmaceutic, 
and  these  products  can  never  be  made  by  the  retail  pharmacist,  a  large 
well-equipped  and  aseptic  plant  being  essential  to  their  successful 
manufacture.  This  fact  caused  the  question  of  the  admission  of  these 
products  into  the  pharmacopoeia,  to  become  the  most  widely  discussed 
problem  of  the  last  revision,  and  the  final  decision  to  admit  the  anti- 
diphtheric serum  was  based  on  the  desire  to  secure  a  uniform  standard 
for  this  important  commodity. 

As  to  the  theory  of  antitoxins,  Behring  showed  that  most  animals 
when  infected  with  certain  diseases  are  capable  of  generating  in  their 
blood-serum  substances  (antitoxins)  capable  of  neutralizing  the  poison- 
ous matter  (toxins)  transmitted  to  the  blood  by  the  organism  produc- 
ing the  disease;  and,  further,  that  the  question  as  to  whether  the 
animal  survives  or  succumbs  to  the  disease  is  a  question  as  to  which 
predominates,  the  toxin  or  the  antitoxin. 

Applying  this  idea  in  the  manufacture  of  diphtheria  antitoxin, 
the  animal  (usually  a  horse)  is  inoculated  with  cultures  of  diphtheria 
germs,  first  in  small  doses  then  in  large  ones.  A  mild  case  of  the  dis- 
ease is  thus  produced  in  the  animal,  which  immediately  combats  the 
toxin  by  the  formation  of  the  antitoxin.  As  increased  doses  of  the 
toxin  are  administered,  an  increased  amount  of  antitoxin  is  produced 
until,  at  the  end  of  two  weeks,  the  animal  has  stored  up  so  much  anti- 
toxin in  its  blood-serum  that  it  becomes  "immune." 

A  certain  quantity  of  blood  (5  to  10  liters)  is  then  removed  through 
the  jugular  vein,  allowed  to  stand  until  the  albuminoids  separate  by 
coagulation,  and  the  liquid  portion  (the  serum)  is  then  mixed  with 
some  antiseptic  (phenol,  thymol,  etc.),  is  standardized,  and  then  put 
into  glass  tubes  which  are  immediately  sealed. 

The  pharmacopoeia  directs  that  the  standard  for  antitoxin — "im- 
munihj  unit"- — be  that  of  the  United  States  Public  Health  and  Marine 
Hospital  Service;  namely,  the  times  that  quantity  of  antitoxin  which 
will  completely  protect  a  250-gramme  guinea-pig  against  100  times 
the  least  fatal  dose  of  the  corresponding  toxin.  A  brief  explanation 
of  this  statement  is  in  order. 

The  toxin  (as  the  culture  of  the  germ  is  called)  is  prepared  and 
administered  to,  say,  a  dozen  guinea-pigs  of  the  same  weight  (250 
grammes) ;  to  each  a  different  dose.  The  smallest  amount  killing  one 
of  the  guinea-pigs  within  four  days  is  "the  minimum  fatal  dose." 
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One  hundred  times  this  quality  of  toxin  is  mixed  with  various  amounts 
of  the  antitoxin  serum,  and  administered  to  a  second  batch  of  guinea- 
pigs.  The  smallest  amount  of  the  antitoxic  serum  which  prevents 
the  hundred-fold  dose  of  toxin  from  being  fatal  to  the  guinea-pig 
represents  the  "immunity  unit";  100  times  this  volume  of  serum 
represents  100  units;  3000  times  this  volume  represents  3000  units, 
and  so  on. 

The  amounts  of  toxin  and  antitoxin  serum  involved  in  guinea-pig 
testing  is  very  small — jjjj  Cc,  of  the  toxin  is  apt  to  be  fatal;  while  ^-^^ 
Cc.  of  the  antitoxic  serum  often  represents  one  "immunity  unit." 
Hence  the  tests  are  carried  out  with  diluted  toxin  and  antitoxin  of 
known  strength. 

The  absolute  strength  of  the  same  volume  of  different  batches  of 
serum  may  vary  materially,  hence  the  dosage  is  by  "immunity  units" 
and  not  by  volume.  Thus  in  one  case  3000  units  may  be  in  30  Cc. 
of  serum;  in  another  in  50  Cc.  of  serum. 

This  is  but  an  outline  of  the  method  of  standardization,  and  for 
further  details  the  reader  is  referred  to  a  paper  by  C.  T.  McClintock 
(Proceedings  A,  Ph.  A.  44,  p.  254). 

Medical  Properties. — Cure  of  and  immunization  against  diphtheria. 

Dose. — 3000  units.  Immunizing  dose  for  well  persons,  500  units. 
Always  by  hypodermic  injection. 

Similar  antitoxins  for  tetanus,  snake-bite,  bubonic  plague,  and 
glanders  are  now  on  the  market,  and  all  prepared  by  a  similar  process, 
namely,  from  the  serum  of  animals  infected  with  the  special  disease 
for  which  the  antitoxin  is  intended. 

Vaccine  virtis  is  the  virus  from  the  sores  upon  a  heifer  which  has  been  inoculated 
with  cowpox.  While  antitoxins  contain  the  principles  protecting  one  against  the 
poison  of  a  disease,  vaccines  contain  the  substance  that  produce  the  disease.  Thus 
vaccine  virus  gives  a  man  the  comparatively  mild  disease,  cowpox,  and  the  sufferer 
develops  in  his  blood  the  cowpox  antitoxin,  which  protects  him  from  the  ravages 
of  small-pox. 

The  virus  was  formerly  marketed  as  a  dry  coating  on  ivory  points  or  on  quills. 
Now  it  is  almost  always  dispensed  in  glycerinic  solution  in  sealed  tubes. 

Note  that  vaccine  virus,  as  well  as  the  antitoxins,  must  be  kept  in  a  cool  place, 
and  that  they  deteriorate  with  age. 

Opsonins  represent  the  latest  development  of  bacterial  therapy.  These  are 
substances  which,  introduced  into  the  blood,  act  on  disease  bacteria,  so  changing 
them  as  to  cause  them  to  be  readily  absorbed  by  the  phagocytes,  those  bodies  found 
in  the  blood,  and  upon  whose  preservation  depends  the  well-being  of  the  animal. 
Bacteria  not  so  treated  attack  the  phagocytes,  producing  the  various  bacterial  dis- 
eases. Each  species  of  bacteria  has  its  special  opsonin,  and  these  opsonins,  or 
bacterial  vaccines,  can  be  prepared  by  making  cultures  of  the  special  bacteria,  killing 
them,  suspending  in  normal  saline  solution,  and  sterilizing  at  60°  C.  For  further 
details  the  reader  is  referred  to  a  paper  by  Dr.  L.  H.  Warner,  American  Druggist, 
December  1907,  p.  389. 


PART  V 
PHARMACEUTIC  TESTING 

CHAPTER   LII. 

INTRODUCTORY 

On  the  foregoing  pages  enough  has  been  said  to  emphasize  the  im- 
portance of  examining  pharmaceuticals  and  chemicals,  both  as  to 
composition  and  also  the  quantity  of  each  component.  The  subject 
of  such  testing  is  called  analytic  chemistry,  a  branch  of  science  the 
many  details  of  which  are  clearly  beyond  the  scope  of  this  work.  In 
the  few  chapters  that  follow  only  an  outline  of  the  principles  of  phar- 
maceutic testing  as  directed  in  the  pharmacopoeia  will,  be  given,  and 
for  complete  details  the  reader  is  referred  to  one  of  the  several  books 
on  analytic  chemistry  mentioned  in  the  Preface. 

Analytic  chemistry  is  divided  into  two  subdivisions — qualitative 
analysis,  which  aims  to  find  the  constituents  of  a  compound,  and 
quantitative  analysis,  by  means  of  which  we  can  estimate  the  quantity 
of  each  ingredient.  Quantitative  analysis  is,  in  turn,  divided  into 
three  classes:  Gravimetric,  volumetric,  and  gasometric  analysis. 

Gravimetric  analysis  is  where  the  quantity  of  ingredient  is  estimated 
by  conversion  into  an  insoluble  compound  containing  a  definite  pro- 
portion of  the  ingredient,  collecting  and  weighing  the  precipitate,  and 
from  the  weight  obtained  estimating  the  amount  of  the  ingredient  by 
molecular  proportions. 

Volumetric  analysis  (or  titration)  is  where  the  quantity  of  ingredi- 
ent is  estimated  from  the  amount  of  a  definite  standard  solution  of  a 
chemical  (volumetric  solution)  required  to  combine  with  it  exactly; 
the  amount  of  this  volumetric  solution  required  exactly  to  complete 
the  reaction  is  usually  denoted  by  the  change  in  color  produced  by  a 
third  chemical,  called  an  indicator. 

Assaying  is  a  term  applied  in  pharmacy  to  the  quantitative  estima- 
tion of  the  active  ingredient  of  a  mixed  product,  notably  a  drug. 
As  the  quantity  is  sometimes  estimated  by  gravimetric  analysis  and 
sometimes  by  volumetric  analysis,  the  process  is  merely  a  modifi- 
cation of  these,  the  only  difference  being  that  some  process  of  extrac- 
tion must  first  be  employed. 

The  apparatus  used  in  pharmaceutic  testing  have  been  referred 
to  in  the  chapters  comprising  Part  I.  For  qualitative  analysis,  funnels, 
beakers,  spritz-bottles,  flasks,  evaporating  dishes,  filter-paper,  and 
Bunsen  burners  are  required,  and  these  have  already  been  described. 
In  addition  thereto  it  is  necessary  to  have  test-tubes  and  test-tube 
racks  (p.  141);  red  and  blue  litmus-paper  (which  is  filter-paper  dipped 
in  a  decoction  of  the  lichen,  litmus,  and  treated  with  acid  to  make  it 
red,  or  alkali  to  make  it  blue);  blue  glass;  and  platinum  wire  and  foil. 

944 


INTRODUCTORY 


945 


The  chemical  to  be  analyzed  is  usually  made  into  a  solution  and 
treated  with  solutions  of  other  chemicals.  Such  solutions  are  called 
test  solutions.  This  phrase  is  frequently  abbreviated  to  T.S.  (example, 
potassium  iodide  T.S.). 

The  test  solutions  are  usually  prepared  by  making  a  10  to  20  per 
cent,  solution  of  the  chemical  (called  reagent)  in  distilled  water,  but 
many  of  the  test  solutions  must  be  prepared  by  special  treatment. 
A  recipe  for  each  test  solution  directed  by  the  pharmacopoeia  is  found 
in  the  appendix  to  that  standard  (pp.  517-568),  to  which  the  reader  is 
referred. 

These  test  solutions  should  be  kept  in  special  bottles,  closed  either 
with  glass  or  rubber  stoppers.  Such  a  test  solution  bottle  is  shown 
in  Fig.  228. 

While  most  qualitative  analyses  are  performed  with  test  solutions, 
the  reagent,  hydrogen  sulphide,  is  employed  as  a  gas  and  is  usually 


Fig.  228.— Reagent 
bottle. 


Fig.  229.— Kipp's  gas 
generator. 


Fig.  230.— Burette  and 
holder. 


generated  by  action  of  sulphuric  acid  on  ferrous  sulphide  in  a  Kipp's 
generator  (Fig.  229),  which  acts  automatically.  Then  sometimes 
the  reagent  is  employed  in  solid  form.  Thus,  borax  is  fused  for  the 
borax  bead  test,  sodium  carbonate  and  potassium  nitrate  are  melted 
on  platinum  foil  in  several  of  the  fusion  tests,  etc. 

In  quantitative  analysis  the  apparatus  used  are  crucibles,  desic- 
cators, analytic  balances,  measuring  vessels,  such  as  burettes  (Fig> 
230),  pipettes,  measuring  cylinders,  100-Cc.  and  1000-Cc.  bottles. 
The  reagents  used  are  practically  the  same  as  in  qualitative  analysis, 
with  the  additional  line  of  volumetric  solutions,  the  manufacture  of 
which  will  be  discussed  a  few  pages  farther  on. 

In  drug  assays  the  apparatus  is  practically  the  same  as  that  just 
mentioned,  but  in  addition  thereto,  since  the  active  principle  is  usually 
extracted  by  shaking  out  of  the  watery  solution  with  ether  or  chloro- 
form (separation  from  an  immiscible  solvent),  A  separatory  funnel  is 
required. 
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The  detection  of  the  ingredients  of  a  compound  in  qualitative 
analysis  is  accomplished  in  several  ways: 

I.  By  production  of  a  characterisic  precipitate  :  thus  a  solution  of  a 
sulphate  when  mixed  with  barium  chloride  T.S.  gives  a  white  precipi- 
tate, insoluble  in  boiling  nitric  acid. 

II.  By  production  of  a  characteristic  color  in  a  solution :  thus  a 
diluted  solution  of  copper  sulphate  gives  a  deep  azure  blue  solution 
with  excess  of  ammonia  water. 

III.  By  production  of  a  characteristic  odor  :  thus  an  acetate  warmed 
with  alcohol  and  sulphuric  acid  gives  the  pleasant  odor  of  acetic  ether. 

IV.  By  transmitting  a  characteristic  color  to  a  colorless  Bunsen 
flame:  thus  a  trace  of  sodium  salt  on  a  loop  of  platinum  wire  placed  in  a 
Bunsen  flame  makes  it  a  vivid  yellow. 

V.  By  giving  a  characteristic  color  to  a  borax  head :  thus  if  borax  is 
fused  on  a  loop  of  platinum  wire  and  a  trace  of  a  manganese  salt  added 
to  the  bead,  which  is  then  fused  once  more,  the  cooled  solidified  bead 
will  be  found  to  possess  a  beautiful  amethyst  color. 

VI.  By  giving  a  characteristic  color  to  specially  prepared  test-paper: 
thus  borax  gives  buff  colored  turmeric  paper  a  red-brown  tint. 

VII.  By  producing  a  play  of  colors  when  brought  in  contact  with  the 
reagent  on  a  porcelain  surface:  thus  most  alkaloids  give  characteristic 
color  reactions  when  treated  with  a  drop  of  sulphuric  acid  and  a  trace 
of  potassium  dichromate. 

VIII.  By  leaving  a  characteristic  residue'  on  heating  on  charcoal 
with  a  blow-pipe:  thus  zinc  salts  when  treated  with  cobaltous  nitrate 
and  heated  with  a  blow-pipe  leave  a  vivid  green  spot. 

It  will  be  noticed  that  the  pharmacopoeia  makes  use  of  all  of  these 
several  means  of  identity,  and  a  classification  of  the  qualitative  tests 
of  the  pharmacopoeia  will  comprise  the  next  chapter. 


CHAPTER   LIII 


THE  QUALITATIVE  INORGANIC  TESTS  OF  THE 
PHARMACOPOEIA 

Free  Chlorine  Liberates  Iodine  from  Potassium  Iodide 

This  test  is  used  to  detect  free  chlorine  and  free  bromine  in  hydro- 
chloric acid,  U.  S.  P. 

Sought  as  impurity  in — 

Hydrochloric  Acid. — If  1  Cc.  of  the  Acid  be  diluted  with  5  Cc.  of  water,  and  if 
1  Cc.  of  potassium  iodide  T.S.  with  1  Cc.  of  chloroform  be  added,  and  the  mixture 
agitated,  the  chloroform  should  be  free  from  any  violet  coloration  (absence  of  free 
chlorine  or  bromine). 

Benzoic  Acid. — See  p.  779. 

Hydrochloric  acid  and  chlorides  give,  with  silver  nitrate  T.S.,  a  white 
curdy  precipitate  insoluble  in  nitric  acid,  but  soluble  in  ammonia  water. 
This  precipitate  is  silver  chloride  (AgCl). 
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As  with  hydrochloric  add,    but   solubility  in 
ammonia  water  is  omitted. 


The  following  oflficial  chemicals  are  tested  by  this  process: 
Present  as  Ingredients: 

Hydrochloric  Acid. — See  p.  411. 

Sodium  Chloride. — As  with  hydrochloric  acid. 

Ammonium  Chloride. — As  with  hydrochloric  acid,  but  insolubility  in  nitric  acid 
IS  omitted. 

Calcium  Chloride. —  1 

Zinc  Chloride. — 

Ferric  Chloride. — 

Solution  of  Ferric  Chloride. — 

Tincture  of  Ferric  Chloride. —    ( 

Corrosive  Mercuric  Chloride. —  J 

Ammoniated  Mercury. — A  solution  of  the  compound  in  diluted  nitric  acid  gives 
white  precipitate  with  silver  nitrate  T.S. 

Pilocarpine  Hydrochloride. — Silver  nitrate  T.S.  produces,  in  an  aqueous  solution 
of  the  salt,  a  white  precipitate  insoluble  in  nitric  acid. 

Quinine  Hydrochloride. — Like  test  for  pilocarpine  hydrochloride  just  given. 

Cocaine  Hydrochloride. — Like  test  for  pilocarpme  hydrochloride  just  given,  except 
strength  of  aqueous  solution  (1:  100)  given. 

Chlorides  Sought  as  Impurity. — The  diversified  modifications  of  the  test  neces- 
sary to  adapt  it  to  the  different  conditions  found  in  the  several  chemicals  make 
classification  difficult,  but  the  following  chart  gives  a  general  outline.  For  details 
the  reader  is  referred  to  the  pharmacopoeia  itseu. 


Chemical. 

Boric  acid. 

Nitric  acid. 

Sulphuric  add. 

Zinc  acetate. 

Zinc     phenol- 
svlphonate. 

Zinc  sulphate. 

Phosphoric 
acid. 

Potassium   per- 
manganate. 


Ammonia 

water. 
Am.momum 

benzoate. 


Ammonium 
carbonate. 


Caldum  phos- 
phate. 
Zinc  oxide. 
Zinc  valerate. 


Ferric  ammo- 
nium sul- 
phate. 

Antimony    and 
potassium 
tartrate. 


Strength  or  Character 
OF  Solution. 

Aqueous  solution,  1 :  25. 
Aqueous  solution,  1:  10. 
Aqueous  solution,  1 :  20. 
Aqueous  solution,  1 :  20. 
Aqueous  solution,  1 :  20. 

Aqueous  solution,  1 :  20. 
Aqueous  solution,  1 :  5. 


Nitric 

Acid 

Added? 

Yes. 

None. 

No. 


Amount  Silver 
Nitrate  T.S.  Result. 

Used. 

No  mention.  No  precipitate. 


Yes. 


No  precipitate 
nor  cloudiness. 


Not  affected. 


0.5  Gm.  salt  boiled  with 
20  Cc.  water  and  4  Cc. 
alcohol  till  decom- 
posed. 5  Cc.  of  fil- 
is  taken. 

Supersaturated  with  ni- 
tric acid. 

Aqueous  solution,  1:  10,    "  "  "         " 

treated  with  diluted 
nitric  acid  and  filtrate 
taken. 

Aqueous  solution,  1 :  20.   Added  "         "  Not  more  than 

after  opalescent  af- 

AgNOj  ter  two  min- 

T.S.  utes. 

5  Cc.  of  nitric  acid  solu-   0.5  Cc.  No  turbidity. 

tion,  1:  10. 

Nitric  acid  solution.  No  mention.   Remains  clear. 

0.5  Gm.  salt  dissolved  in    "  "  Not  more  than 

0.5  Cc.  nitric  acid  and  faint     cloudi- 

4.5  Cc.  water  and  fil-  ness. 

tered  through  wet 
paper. 

30  Cc.  aqueous  solution,   3  Cc.  Few  drops.      No  turbidity. 

1 :  20.  added. 

Aqueoussolution,  1 :  100,   None.  "         "         No  effect, 

acidulated  with  acetic 
acid. 


948 


PRINCIPLES  OF   PHARMACY 


Cbemical. 

Red    mercuric 
iodide. 

Yellow   mereun  1 
ric  oxide.         \ 

Red      mercuric 
oxide.  J 

Solution  of  for- 
maldehyde. 

Acetic  acid. 


Glycerin. 
Honey. 


Phenyl  salicyl- 
ate. 


Stbenoth  or  Chabacteb 
of  soldtion. 

Shake  0.5  Gm.  salt  with 
10  Cc.  water  and  use 
filtrate. 

0.1  Gm.  dissolved  in  10 
Cc.  diluted  nitric  acid. 


5   Cc.   solution   diluted  None 
with  15  Cc.  water. 

Diluted    with   ten    vol- 
umes water. 

Aqueous  solution,  1 :  10. 


Aqueous  solution,  1:5. 


Filtrate  after  treatment 
of  aqueous  solution 
(1:50)  with  ferric 
chloride  T.S.  (See  p. 
955.) 


Nitric 

Amount  Silvkr 

Acid 

Nitrate  T.S. 

Result. 

Added? 

Used. 

None. 

No  mention. 

Not  more  than 

opalescent. 

(( 

« 

Not  more  than 

opalescent. 

None. 

« 

« 

No  turbidity 
nor  precipi- 
tate. 

u 

(( 

ti 

No  turbidity 
nor  precipi- 
tate. 

(( 

It 

11 

No  color,  cloudi- 
ness, nor  pre- 
cipitate. 

(( 

Few  drops. 

Not  more   than 

faintly    opal- 

escent. 

« 

(( 

(( 

No  turbidity.     . 

Several  of  the  chloride  tests  are  too  complicated  to  permit  tabula- 
tion, and  these  are  given  in  full  below.  It  will  be  noticed  that  most 
of  these  are  those  given  for  detecting  chlorides  in  bromides  and  iodides, 
these  two  classes  of  salts  precipitating  with  silver  nitrate  as  quickly 
as  do  chlorides. 

Diluted  Hydrobromic  Add. — If  0  5  Cc.  of  Diluted  Hydrobromic  Acid  be  mixed 
with  10  Cc.  of  water,  and  8  Cc.  of  silver  nitrate  T.S.  with  6  Cc.  of  ammonium  carbo- 
nate T.S.  be  added,  and  if  the  mixture,  after  digesting  for  ten  minutes  on  a  bath  of 
boiling  water,  be  cooled  and  filtered,  the  filtrate,  on  supersaturating  with  nitric  acid, 
should  not  become  more  than  slightly  opalescent  (limit  of  hydrochloric  add  and 
chlorides). 

Potassium  Iodide.— li  0.2  Gm.  of  Potassium  Iodide  be  dissolved  in  2  Cc.  of  am- 
monia water  (10  per  cent.),  and  13  Cc.  of  tenth-normal  silver  nitrate  V.S.  be  added, 
then,  after  thoroughly  agitating  and  filtering,  the  filtrate,  upon  acidifying  with  nitric 
acid,  should  not  become  more  than  slightly  turbid  nor  should  any  darkening  appear 
within  ten  minutes  (limit  of  chlorides  and  bromides  and  absence  of  thiosulphate) . 

Sodium  iodide  is  tested  like  potassium  iodide,  except  13  Cc.  tenth-normal  silver 
nitrate  solution  is  used  and  nitric  acid  is  added  to  supersaturation. 

Ammonium  Iodide.— U  0.25  Gm.  of  the  salt,  dried  at  100°  C.  (212°  F.),  be  dis- 
solved in  5  Cc.  of  ammonia  water  (10  per  cent.),  the  solution  shaken  with  16.9  Cc. 
of  tenth-normal  silver  nitrate  V.S.,  and  the  filtrate  supersaturated  with  5  Cc.  of 
nitric  acid,  no  cloudiness  should  make  its  appearance  within  ten  minutes  (absence  of 
more  than  about  3  per  cent,  of  chlorides  or  bromides). 

Zinc  Bromide. — If  1  Gm.  of  Zinc  Bromide  be  dissolved  in  50  Cc.  of  acetic  acid, 
2  Gm.  of  lead  dioxide  (free  from  chloride)  be  added,  and  the  mixture  evaporated  in  a 
small  beaker  to  at  least  10  Cc,  then  the  residue,  diluted  with  10  Cc.  of  distilled  water 
and  filtered,  should  give  not  more  than  a  slight  turbidity  on  the  addition  of  2  Cc.  of 
nitric  acid  and  a  few  drops  of  silver  nitrate  T.S.  (limit  of  chloride). 

Zinc  Iodide. — If  1  Gm.  of  Zinc  Iodide  be  mixed  with  5  Cc.  of  distilled  water,  and 
sufiBcient  ammonia  water  be  added  to  redissolve  the  precipitate  formed,,  followed  by 
a  solution  of  1.5  Gm.  of  silver  nitrate  in  10  Cc.  of  water,  then,  after  shaking  and  filter- 
ing, the  filtrate  should  not  be  rendered  more  than  slightly  turbid  by  the  addition  of 
an  excess  of  nitric  acid  (limit  of  chloride). 

Zinc  Stearate. — If  0.5  Gm.  of  Zinc  Stearate  be  heated  with  a  mixture  of  9.5  Cc. 
of  distilled  water  and  0.5  Cc.  of  nitric  acid,  and  filtered,  the  filtrate  should  not  become 
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more  than  slightly  turbid' upon  the  addition  of  silver  nitrate  T.S.  (absence  of  more 
than  traces  of  chlorides). 

Bismuth  Svbcarbonate. — If  a  solution  of  0.3  Gm.  of  the  salt  in  10  Cc.  of  diluted 
nitric  acid  be  treated  with  0.1  Cc.  of  tenth-normal  silver  nitrate  V.S.,  and  the  pre- 
cipitate, if  anv,  removed  by  filtration,  the  clear  filtrate  sliould  remain  unaffected  by 
the  further  aadition  of  the  reagent  (limit  of  chlorides). 

Bismuth  Subnitrate. — Take  solution  of  3  Gm.  of  salt  in  3  Cc.  warm  nitric  acid,  pre- 
cipitate by  pouring  into  100  Cc.  water,  evaporate  filtrate  to  30  Cc,  filter,  and  use 
5  Cc.  of  this  filtrate  as  in  case  of  bismuth  subcarbonate. 

Bismuth  Citrate. —  "i  t^-      i  u  r        on  ix  •  -x  • 

Bismuth  and  Ammonium  Citrate.-  l  Diss?lve  ash  from  3  Gm.  salt  m  warm  mtnc 

Bismuth  Subgallate.-  {      ^«' J'  ^^f^  P^'o^^ed  as  with  bismuth  sub- 

Bi^uth  Subsalicylate.—  J      caroonate. 

Lactic  Add. — Ten  Cc.  of  a  solution  of  the  Acid  in  distilled  water  (1  in  100)  should 
not  be  rendered  opalescent  by  1  Cc.  of  silver  nitrate  T.S.  (limit  of  chloride). 

Salicylic  Add. — A  solution  of  0.5  Gm.  of  the  Acid  in  10  Cc.  of  alcohol,  mixed  with 
a  few  drops  of  nitric  acid,  should  remain  unaffected  upon  the  addition  of  a  few  drops 
of  silver  nitrate  T.S.  (absence  of  hydrochloric  acid). 

Before  proceeding  farther  it  is  well  to  mention  that  the  tests  for 
purity  apply  as  much  to  a  diluted  compound  as  to  the  stronger;  thus, 
while  in  the  above  table  diluted  nitric  acid  and  diluted  sulphuric  acid 
are  not  given,  the  chloride  test  applies  as  much  to  them  as  to  the  strong 
acids. 

Hypochlorites  evolve  odor  of  chlorine  when  treated  with  an  acid. 
This  test  is  applied  by  the  pharmacopoeia  in  identifying  chlorinated 
lime  and  solution  of  chlorinated  soda  (p.  393) . 

Chlorates,  on  heating  with  hydrochloric  acid,  evolve  chlorine.  On 
heating  strongly,  chlorates  evolve  oxygen.  These  tests  are  used  for  identi- 
fying potassium  chlorate  and  sodium  chlorate. 

Sought  as  impurity  in  potassium  nitrate — 

No  yellow  color  should  appear  when  0.1  Gm.  of  the  dry  salt  is  sprinkled  upon  1 
Cc.  of  pure  concentrated  sulphuric  acid  (absence  of  chlorate  and  perchlorate). 

Perchlorates. — Sought  as  impurity  in  potassium  nitrate.  See  test 
just  given. 

Free  bromine  liberates  iodine  from  potassium  iodide. — (See  chlorine 
test  for  hydrochloric  acid,  diluted  hydrobromic  acid,  and  nitric  acid  on 
p.  946.) 

Hydrobromic  acid  and  bromides  g-ttje,  vnth  silver  nitrate  T.S.,  a  yellow- 
ish-white precipitate  insoluble  in  diluted  nitric  acid,  but  soluble  in  am- 
monia waier.     This  precipitate  is  silver  bromide  (AgBr). 

The  following  official  chemicals  are  tested  by  this  process: 


Present  as  Ingredients: 

Diluted  Hydrobromic  Add. — See  p.  413. 
Potassium  Bromide. —     "1 
Sodium,  Bromide. —  ] 

AmiZi^^mT^m^.-  ^  ^^^'  ^  *««*  ^^'  diluted  hydrobromic  acid. 

Caldum  Brom,ide. — 

Zinc  Bromide. — 

Hyosdne  Hydrobromide. — Also  the  test;  chlorine  water  and  shaking  with  chloro- 
form turns  the  chloroform  yellow. 

Hyoscyamine  Hydrobromide. — Same  as  test  for  diluted  hydrobromic  acid. 

Quinine  Hydrobromide. — On  precipitating  •  a  saturated  aqueous  solution  of  the 
salt  with  sodium  hydroxide  T.S.,  filtering,  supersaturating  tne  filtrate  with  acetic 
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acid,  adding  chloroform  and  a  little  chlorine  water,  and  shaking,  the  chloroform  will 
separate  with  a  yellow  color. 

Bromides  sought  as  impurity  in — 

SruSi^.-}Same  test  given  for  chloride  (p.  948). 

Sodium  Chloride. — If  2  Gm.  of  the  finely  powdered  salt  be  digested  for  some  hours 
with  25  Cc.  of  warm  alcohol,  and,  after  cooling,  the  undissolved  salt  be  removed  by 
filtration,  the  filtrate  evaporated  to  dryness,  and  the  residue  dissolved  in  5  Cc.  of 
water,  and  if  1  Cc.  of  chloroform  be  added,  and  chlorine  water  which  has  been  diluted 
with  twice  its  volume  of  water,  cautiously  introduced,  drop  by  drop,  with  constant 
agitation,  the  chloroform  should  not  acquire  a  violet,  yellow,  or  orange  color  (absence 
of  bromide  and  iodide). 

Bromic  acid  and  bromates  liberate  bromine  {which  colors  chloroform 
brown  yellow)  when  treated  with  strong  acids  or  other  chemicals.  The 
following  official  chemicals  are  tested  this  way: 

Sought  as  impurity  in — 

Nitric  Add. — If  the  diluted  Acid  (1  in  3)  be  shaken  with  a  few  drops  of  chloro- 
form, the  latter  should  remain  colorless  (absence  of  iodifie  or  bromine),  even  after  the 
introduction  of  a  small  piece  of  metallic  tin  (absence  of  iodic  or  bromic  acid). 

Potassium  Bromide. — If  diluted  sulphuric  acid  be  dropped  upon  crushed  crystals 
of  the  salt,  and  the  mixture  be  shaken  with  1  Cc.  of  chloroform,  the  latter  should  not 
assume  a  yellowish-brown  color  (absence  of  bromate). 

Sodium  Bromide. — If  diluted  sulphuric  acid  be  dropped  upon  some  of  the  pow- 
dered salt,  no  yellow  color  should  appear  at  once  (absence  of  bromate). 

Ammonium  Bromide. — If  a  few  drops  of  diluted  sulphuric  acid  be  brought  in 
contact  with  a  little  of  the  powdered  salt  on  a  porcelain  plate,  the  salt  should  not  at 
once  assume  a  yellowish  color  (absence  of  bromate). 

Calcium  Bromide. — Same  as  sodium  bromide  just  given. 

Free  iodine  gives  deep  blue  color  to  starch  mucilage,  which  color  is 
discharged  on  addition  of  sodium  thiosidphate  solution.  It  also  trans- 
mits to  chloroform  a  violet  color.  The  following  official  chemicals  are 
tested  this  way. 

Present  as  Ingredient: 
Iodine. — See  p.  395. 

Sought  as  impurity  in — 

Hydrochloric  Add. — If  to  5  Cc.  of  Hydrochloric  Acid,  diluted  with  an  equal  volume 
of  water,  1  Cc.  of  chloroform  be  added,  and  if  chlorine  water  which  has  been  diluted 
with  an  equal  volume  of  water  be  then  cautiously  added,  a  drop  at  a  time,  with  con- 
stant agitation,  the  chloroform  should  remain  free  from  any  yellow,  orange,  or  violet 
color  (absence  of  bromine  or  iodine). 

Diluted  Hydrobromic  Add. — Practically  same  test  as  the  one  for  hydrochloric  acid 
just  given. 

Nitric  Add. — See  bromic  acid  test  for  nitric  acid  given  above. 

Sodium  Iodide. — See  iodate  test  for  sodium  iodide  on  p.  951. 

Lithium  Bromide. — Exactly  same  as  iodide  test  for  potassium  bromide  (p.  951), 
except  full  strength  chlorine  water  is  used. 

Ammonium  Iodide.— No  violet  color  on  shaking  aqueous  solution  (1:  100)  with 
chloroform. 

Thymol  Iodide. — If  0.5  Gm.  be  shaken  with  10  Cc.  of  water,  and  the  mixture 
filtered,  the  filtrate  should  not  be  colored  blue  upon  the  addition  of  starch  T.S. 
((absence  of  free  iodine) . 
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Hydriodic  Acid  and  Iodides. — Chlorine  water  liberates  free  iodine, 
which  gives  violet  color  to  chloroform.  Silver  nitrate  gives  yellow  pre- 
cipitate, insoluble  in  ammonia  water  as  well  as  in  hydrochloric  acid. 
This  precipitate  is  silver  iodide  (Agl). 

The  following  official  chemicals  are  tested  in  this  way: 

Present  as  Ingredients: 

Diluted  Hydriodic  Acid. — See  p.  415. 

Potassium  Iodide. — If  to  5  Cc.  of  the  aqueous  solution  of  the  salt  (1  in  20)  1  Cc. 
of  chlorine  water  be  added,  iodine  will  be  liberated,  and  impart  to  the  solution  a  light 
reddish-brown  color.  On  agitating  the  mixture  with  a  few  drops  of  chloroform,  the 
latter  will  acquire  a  violet  color. 

Sodium  Iodide. —         "j 

Ammonium  Iodide. —  >  Exactly  as  the  potassium  iodide  test  just  given. 

Strontium  Iodide. —     j 

Zinc  Iodide.— Gives,  with  silver  nitrate  T.S.,  a  pale  yellow  precipitate  insoluble 
in  ammonia  water. 

Sought  as  impurity  in — 

Potassium  Bromide. — If  to  10  Cc.  of  the  aqueous  solution  of  the  salt  (1  in  20) 
1  Cc.  of  chloroform  be  added,  and  if  chlorine  water,  which  has  been  diluted  with  an 
equal  volume  of  water,  be  introduced  cautiously,  drop  by  drop,  with  constant  agita- 
tion, the  liberated  bromine  will  dissolve  in  the  chloroform,  imparting  to  it  a  yellow 
to  orange  color,  free  from  any  violet  tint  (absence  of  iodides). 

Potassium  Nitrate. — Like  potassium  bromide  test  just  given,  except,  of  course, 
no  bromine  is  liberated. 

Sodium  Bromide. — Exactly  like  potassium  bromide  test  just  given. 

Sodium  Chloride. — See  bromide  test  for  sodium  chloride  on  p.  950. 

Sodium  Nitrate. — Exactly  like  potassium  nitrate  test  just  given. 

Am,monium  Bromide. —  1 

S^^rHScmB^midZ-      \  ^''^^^^y  ^^^  potassium  bromide  test  given  above. 

Zinc  Bromide. —  J 

Red  Mercuric  Iodide. — If  about  0.5  Gm.  of  Mercuric  Iodide  be  thoroughly  agitated 
with  10  Cc.  of  distilled  water,  the  filtered  liquid  should  not  become  more  than  slightly 
colored  by  hydrogen  sulphide  T.S.  nor  give  more  than  a  slight  opalescence  with 
silver  nitrate  T.S.  (limit  of  soluble  chlorides  or  iodides). 

Thymol  Iodide. — If  0.5  Gm.  be  shaken  with  10  Cc.  of  water,  the  mixture,  on  filter- 
ing, will  yield  a  filtrate  which  should  not  become  more  than  opalescent  on  the  addi- 
tion of  mtric  acid  and  silver  nitrate  T.S.  (absence  of  iodides). 

Iodic  Acid  and  lodates. — Iodine  is  liberated  by  action  of  acids  and 
other  chemicals,  transmitting  a  yellowish-brown  color  to  solution.  The 
following  official  chemicals  are  tested  this  way: 

Sought  as  impurity  in — 

Nitric  Acid. — See  bromic  acid  test  for  nitric  acid  on  p.  950. 

Potassium  Iodide. — If  to  0.5  Gm.  of  the  salt,  dissolved  in  10  Cc.  of  distilled  water, 
which  has  previously  been  boiled  and  cooled  in  a  small  flask,  2  drops  of  diluted  sul- 
phuric acid  (free  from  sulphurous  and  nitrous  acids)  be  added,  no  distinct  yellow 
color  should  appear  within  half  a  minute  (limit  of  iodate). 

Sodium  Iodide. — If  0.5  Gm.  of  the  salt  be  dissolved  in  10  Cc.  of  distilled  water, 
which  has  been  previously  boiled  and  cooled  in  a  small  flask,  the  solution  should  not 
have  a  distinct  yellow  tint  (absence  of  free  iodine),  nor  should  the  solution  acquire  a 
yellow  color  within  half  a  minute  after  the  addition  of  2  drops  of  diluted  sulphuric 
acid  (which  should  be  free  from  sulphurous  acid  or  nitrous  acid)  (limit  of  iodate). 

Hydrofluoric  acid  and  fluorides  give  off  vapors  which  etch  glass. 
(Fluorides  must  be  warmed  with  sulphuric  acid.) 


952  PRINCIPLES  OF  PHARMACY 

Sought  as  impurity  in — 

Solution  of  Hydrogen  Dioxide. — On  evaporating  to  dryness,  upon  a  water-bath, 
50  Cc.  of  the  Solution,  previously  rendered  alkaline  by  sodium  hydroxide  T.S.,  trans- 
ferring the  dry  residue  to  a  watch-glass,  moistening  it  with  sulphuric  acid,  and  setting 
the  glass  in  a  moderately  warm  place  for  a  few  hours,  the  surface  of  the  glass,  after 
being  washed,  should  exhibit  no  sign  of  corrosion  (absence  of  hydrofluoric  acid). 

Sulphides. — When  treated  with  a  diluted  acid  give  off  hydrogen  sul- 
phide gas,  characterized  by  its  had  smell  and  its  ability  to  blacken  paper 
moistened  with  lead  acetate  T.S.     See  sulphurated  lime  (p.  508). 

Present  as  impurity  in — 

Sodium  Thiosulphate. — Five  Cc.  of  5  per  cent,  aqueous  solution  give  no  black 
precipitate  with  one  drop  of  silver  nitrate  T.S. 

Sulphurous  acid  and  sulphites  when  heated  (the  sulphites  when 
treated  with  a  diluted  acid)  give  off  sidphur  dioxide  gas,  characterized 
by  its  suffocating  odor  and  its  ability  to  blacken  paper  moistened  with 
mercurous  nitrate,  T.S.  When  treated  with  zinc  and  hydrochloric 
acid,  they  evolve  hydrogen  sulphide  gas. 

The  following  official  chemicals  are  tested  this  way: 

Present  as  Ingredients: 

Sulphurous  Acid. — See  p.  425. 

Sodium  Bisulphite. — On  the  addition  of  hydrochloric  or  sulphuric  acid,  an  aqueous 
solution  of  the  salt  evolves  sulphur  dioxide,  which  is  recognized  by  its  odor  and  by 
its  blackening  a  strip  of  paper  dipped  into  mercurous  nitrate  T.S.  and  held  over  the 
escaping  gas. 

Sodium  Sulphite. — Same  as  sodium  bisulphite  test  just  given. 

Sought  as  impurity  in — 

Hydrochloric  Acid. — No  turbidity  on  adding  a  few  drops  of  tenth-normal  iodine 
V.S.  to  a  mixture  of  the  acid  with  barium  chloride  T.S. 

Sulphuric  Acid. — See  test  for  nitrous  acid  in  sulphuric  acid  (p.  955). 

Sodium  Salicylate. — If  to  an  aqueous  solution  of  the  salt  (1  in  20),  3  drops  of 
iodine  T.S.  and  a  slight  excess  of  hydrochloric  acid  be  added,  the  filtrate  from  this 
mixture  should  not  yield  a  precipitate  upon  the  addition  of  barium  chloride  T.S. 
(absence  of  sulphites). 

This  test,  as  well  as  the  hydrochloric  acid  test  outlined  above,  is  based  on  the 
property  of  iodine  to  convert  sulphurous  acid  into  sulphuric  acid. 

Sodium  Thiosulphate. — See  thiosulphate  test  under  sodium  thiosulphate. 

Sulphuric  Acid  and  Sulphates. — Barium  chloride  T.S.  gives  a  white 
precipitate,  insoluble  in  hydrochloric  acid.  This  precipitate  is  barium 
sulphate  (BaS04).  The  following  official  chemicals  are  tested  this 
way: 

Present  as  Ingredients: 

Sulphuric  Acid. — See  p.  422. 

Potassium  Sulphate. — An  aqueous  solution  of  the  salt  (1  in  20)  yields  with  barium 
chloride  T.S.  a  heavy  white  precipitate,  insoluble  in  hydrochloric  acid. 

Sodium  Sulphate. — Same  as  test  for  potassium  sulphate  just  given. 

Magnesium  Sulphate. — Same  as  test  for  potassium  sulphate  just  given,  except 
strength  of  solution  not  mentioned. 

Exsiccated  Calcium  Sulphate. — Saturated  aqueous  solution  forms  a  white  pre- 
cipitate with  barium  chloride  T.S. 

Zinc  Sulphate. — Same  as  test  for  potassium  sulphate,  given  above,  except  no 
mention  of  insolubility  in  hydrochloric  acid. 
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Same  as  test  for  magnesium  sulphate  given 
on  p.  952. 


Manganese  Sulphate 

Aluminum  Sulphate. 

Alum. — 

Ferrous  Sulphate. — 

Ferric  Ammonium  Sulphate. — 

Solution  of  Ferric  Sulphate. — 

Solution  of  Ferric  Subsulphate. 

Copper  Sulphate. — Same  as  test  for  potassium  siilphate  given  on  p.  952 

Sparteine  Sulphate. — 


Same  as  test  for  magnesium  sulphate  given  on  p. 
^      952. 


tyoscyamine  Sulphate. — 
Quinine  Bisulphate. — 
Quinine  Sulphate. — 
Cinchonidine  Sulphate. — 
Strychnine  Sulphate. — 
Morphine  Sulphate. — 
Codeine  Sulphate. — 

Cinchonine  Sulphate. — Same  as  test  for  potassium  sulphate  given  on  p.  952,  ex- 
cept strength  of  solution  is  1:  100. 


Sought  as  impurity  in- 


Chemical.      Strength  or  Character      Acid 
OF  Solution.  Added. 


Hydrochloric 
add. 


Aqueous  solution, 
1:6. 


None. 


Phosphoric  Aqueous  solution, 

acid.  1 : 6. 

Diluted    hydro-  U.  S.  P.  acid. 

bromic  acid. 
Diluied     hydri-  U.  S.  P.  acid. 

odic  acid. 
Boric  acid.  Aqueous  solution, 

1:25. 
Nitric  acid.  Aqueous  solution, 

1:10. 
Sulphurous  10  Cc.  U.S.  P.  acid. 

acid. 


Amount  BaCb  Result. 

T.S.USED. 

Few  drops.  No  precipitate 
nor  turbidity 
in  an  hour. 

No  mention.  No  precipitate. 

"  "  No     precipitate 

nor  turbidity. 

"  "  No     precipitate 

nor  turbidity. 

"  "         No  precipitate. 


1   Cc.   diluted  1  Cc. 
hydrochloric 
acid. 


Hypophosphor-    Acid  neutralized  with  None. 
OMs  acid.  ammonia  water. 

Potassium   per-  Prepared  as  in  test  for  Acidulated 


Not  more  than 
slight  turbid- 
ity. 

No  mention.  Not   more  than 
slight     turbid- 
ity. 
"  "         Not  more  than 


manganate. 

chlorides,  p.  947. 

with 
acid. 

nitric 

slight     turbid- 
ity. 

Ammonia 

Slightly     supersatur- 

Yes. 

(( 

It 

Not  affected. 

water. 

ated  with  nitric  acid 

Ammonium 

Prepared  as  in  test  for 

« 

« 

i< 

"         " 

benzoate. 

chlorides  (p.  947). 

Ammonium 

Aqueous  solution. 

<< 

« 

« 

<<         11 

carbonate. 

1 :  20,  slightly  super- 
saturated  with   hy- 
drochloric acid. 

Ammonium 

Aqueous  solution, 

None. 

<( 

« 

11         (( 

chloride. 

1:20. 

Zinc  acetate. 

Aqueous  solution. 

Few  drops  di- 

<( 

(( 

Should     remain 

1:20. 

luted 
acid. 

nitric 

clear. 

Zinc  bromide. 

Aqueous  solution, 

1:20. 
Aqueous  solution, 

None. 

No  mention. 

Not  turbid. 

Zinc  chloride. 

1   Cc. 

diluted 

<( 

11 

Should     remain 

1:20. 

hydrochloric 

clear. 

acid. 

Zinc  iodide. 

Aqueous  solution. 

None. 

No  mention. 

Not  turbid. 

1:20. 
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Chemical.       Strength  oe  Character      Acid 
OF  Solution.  Added. 


Zinc  oxide. 


Zinc       phenol- 

suiphonate. 
Zinc  valerate. 

Aluminum   hy- 
droxide. 

Chromium    tri- 
oxide. 


Saccharated  fer- 
rou^  carbonate. 


Antimony  and 
potassium  tar- 
trate. 

Bismuth  subni- 
trate. 

Bismuth  sub- 
carbonaie. 


Bismuth 
citrate. 

Bismuth  and 
ammonium 
citrate. 

Bismuth 
subgallate. 

Bismuth 
subsalicylate. 

Solution  of  for- 
maldehyde. 


1    Gm.    dissolved    in  Yes. 

just  enough  diluted 

nitric  acid. 
Aqueous  solution,  No. 

1:20. 
Prepared  as  in  test  for  Yes. 

chlorides  (p.  947). 
1  Gm.  in  20  Cc.  di-     " 

luted     hydrochloric 

acid. 
1    Gm.    in    100    Cc.     " 

water,       previously 

acidulated    with    a 

few  Cc.  hydrochloric 

acid. 
1  Gm.  dissolved  in  5     " 

Cc.         hydrochloric 

acid     and     diluted 

with  water  to  50  Cc. 
Aqueous  solution,  " 

1 :  100,  acidulated 

with  acetic  acid. 
Prepared  as  in  test  for     " 

chlorides  (p.  949). 

Prepared  as  for  chlor-     " 
ide  test  for  bismuth 
subnitrate  (p.  949), 
except  4  Cc.  warm 
nitric  acid  used. 


Prepared  as  in  test  for 
chlorides  (p.  949). 


Prepared  as  in  test  for  No. 
chlorides  (p.  948). 


Acetic  acid. 

Lactic  add. 
Glycerin. 

Tartaric  add. 

Citric  add. 

Honey. 


Diluted  with  10  vol- 
umes of  water. 


10  Cc.  aqueous  solu-    " 

tion  (1:  10). 
Aqueous  solution,         No. 

1:10. 


Amount  BaCb  Result. 

T.S.  Used. 

No  mention.  Not  more  than 
slightly  turbid. 

Not  turbid. 

Only  faint 

cloudiness. 

Only    faint 
cloudiness. 


Aqueous  solution, 
1:10. 


Few  drops  hy- 
drochloric 
acid. 
10  Cc.  aqueous  solu-  Few  drops  hy- 
tion,  1:  100.  drochloric" 

acrd. 
Aqueous  solution.        No. 
1:4. 


1  Cc. 


Not  turbid. 


No  mention.  Not  more  than 
faint  cloudi- 
ness. 

Few  drops.     Not  affected. 


Barium  ni- 
trate T.S. 
used. 

Barium  ni- 
trate T.S. 
used. 


Barium  ni- 
trate T.S. 
used. 


Barium  No        turbidity 

chloride  nor  precipitate. 

T.S.        No 

mention  of 

amount. 
Barium  No        turbidity 

chloride  nor  precipitate. 

T.S.        No 

mention  of 

amount. 
1  Cc.  Unaffected. 

No  mention.  No  color  cloudi- 
ness   nor    pre- 
cipitate. 
Unaffected. 


1  Cc.  No  turbidity. 

No  mention.  No  opalescence. 
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Chemical. 


Strength  or  Character 
OP  Solution. 


Acid 
Added. 


Lemon  juice.        The  filtered  juice.         None. 


Amount  BaCb 
T.8.  Used. 

No  mention. 


Phenyl 
ale. 


salicyl-  Prepared  as  in  test  for  Few  drops  hy-  1  Co. 


Quinine  hydro- 
chloride. 

Quinine  hydro- 
bromide. 


chlorides  (p.  948). 
Aqueous  solution. 


drochloric 
acid. 

Few  drops  hy-  1  Cc. 
drochloric 
acid. 


Result. 

No    turbidity 
nor  white  pre- 
cipitate. 

No  turbidity. 


Not  more  than 
faintly  turbid. 


Thiosulphates,  on  treatment  with  a  strong  acid,  liberate  sulphur 
dioxide,  while  sulphur  precipitates  from  the  solution.  Other  tests,  see 
below.     The  following  official  chemicals  are  tested  this  way: 

Present  as  Ingredient: 

Sodium  Thiosvlphate. — Addition  of  sulphuric  or  hydrochloric  acid  to  the  aqueous 
solution  liberates  from  it  sulphur  dioxide  (recognized  by  its  odor  and  by  its  blacken- 
ing a  strip  of  paper  moistened  with  mercurous  nitrate  T.S.  held  in  the  escaping  gas); 
a  white  precipitate  of  sulphur  is  also  formed  (distinction  from  sulphite  or  bisulphite). 

Sought  as  impurity  in — 

Potassium  Iodide. — See  test  for  chlorides  in  potassium  iodide  (p.  948). 

Sodium  Bisulphite. — If  1  Gm.  of  Sodium  Bisulphite  be  dissolved  in  10  Cc.  of 
diluted  nitric  acid,  and  the  solution  heated  sufficiently  to  expel  the  gases,  the  liquid 
should  not  become  turbid  (absence  of  thiosulphate) . 

Sodium  Iodide. — See  test  for  chlorides  in  sodium  iodide  (p.  948). 

Sodium  Sulphite. — Same  as  test  for  sodium  bisulphite  given  above. 

Ammonium  Carbonate. — Aqueous  solution  (1:20),  on  addition  of  slight  excess 
of  silver  nitrate  T.S.  and  supersaturation  with  nitric  acid,  should  not  become  brown. 

Nitrous  acid  and  nitrites  liberate  iodine  from  potassium  iodide  with 
evolution  of  N^O^  gas;  decolorize  potassium  permanganate  when  in  acid 
solution,  and  are  reduced  to  ammonia  when  treated  with  a  metal  and  an 
acid.     The  following  official  chemicals  are  tested  this  way: 

Present  as  Ingredient: 

Sodium  Nitrite. — If  the  aqueous  solution  of  the  salt  be  mixed  with  some  potassium 
iodide  T.S.,  and  a  few  drops  of  an  acid  added,  iodine  will  be  liberated,  and  nitrogen 
dioxide  gas  wiU  escape  with  effervescence. 

Sought  as  impurity  in — 

Sulphuric  Acid. — One  Cc.  of  Sulphuric  Acid,  diluted  with  5  Cc.  of  water  and 
cooled,  should  not  at  once  discharge  the  color  of  0.1  Cc.  of  tenth-normal  potassium 
permanganate  V.S.  (limit  of  sulphurous  or  nitrous  acid). 

Potassium  Chlorate. — If  to  1  Gm.  of  Potassium  Chlorate  contained  in  a  test-tube 
of  about  40  Cc.  capacity,  5  Cc.  of  water,  5  Cc.  of  potassium  hydroxide  T.S.,  and  about 
0.2  Gm.  of  aluminum  wire  be  added,  and  if  in  the  upper  portion  of  the  test-tube  a 
pledget  of  purified  cotton  be  inserted,  and  over  the  mouth  there  be  placed  a  piece 
of  moistened  red  litmus-paper,  then  if  the  tube  be  heated  upon  a  water-bath  for 
fifteen  minutes,  no  blue  coloration  of  the  paper  should  be  discernible  (limit  of  nitrates 
and  nitrites). 

S^uniTodide^—~~  }  Exactly  as  in  testing  potassium  chlorate  just  given. 

Nitric  Acid  and  Nitrates. — The  free  acid  discharges  the  color  of 
indigo  solution.  The  acid  or  a  nitrate,  plus  sulphuric  acid,  converts 
green  ferrous  sulphate  to  red-brown  ferric  sulphate.     If  only  a  small 


956 


PRINCIPLES  OF    PHARMACY 


quantity  is  used  and  the  solutions  "layered"  (see  below),  a  black- 
brown  ring  is  shown  at  point  of  contact  of  the  two  liquids.  Other 
tests  given  below.  The  following  ofl&cial  chemicals  are  tested  this 
way: 

Present  as  Ingredients: 

Nitric  Acid. — See  p.  416. 

Potassium  Nitrate. — If  5  Cc.  of  an  aqueous  solution  (1  in  20)  be  agitated  with  an 
equal  volume  of  sulphuric  acid,  and  the  hquid  be  cooled  and  a  crystal  of  ferrous 
sulphate  be  placed  in  the  liquid,  a  dark  brown  color  should  appear  around  the  crystal. 

If  a  drop  of  diphenylamine  T.S.  be  mixed  with  5  Cc.  of  an  aqueous  solution,  and 
sulphuric  acid  be  slowly  added  so  as  to  form  a  separate  layer,  a  deep  blue  color  will 
appear  at  the  line  of  contact. 

Compound  Solution  of  Sodium  Phosphate. — The  ferrous  sulphate  test  just  given. 

Sodium  Nitrate. — The  diphenylamine  test  just  given  under  potassium  nitrate. 

Siher^Nitrate'^}^''  heating,  the  salt  gives  off  nitrous  vapors. 

Mitigated  Silver  Nitrate. — The  diphenylamine  test  just  given  under  potassium 
nitrate. 

Pilocarpine  Nitrate. — If  to  an  aqueous  solution  of  the  salt,  mixed  with  an  equal 
volume  of  ferrous  sulphate  T.S.,  sulphuric  acid  be  carefully  added  without  shaking, 
a  brown  ring  will  appear  at  the  juncture  of  the  two  layers. 

Strychnine  Nitrate. — A  solution  of  the  salt,  when  poured  carefully  into  a  test- 
tube  upon  a  layer  of  sulphuric  acid  containing  in  solution  a  httle  diphenylamine, 
will  develop  a  blue  zone  at  the  juncture  of  the  two  liquids. 

Sought  as  impurity  in — 

Phosphoric  Acid. — If  a  crystal  of  ferrous  sulphate  be  dropped  into  a  cooled  mix- 
ture of  1  Cc,  each,  of  Phosphoric  Acid,  sulphuric  acid,  and  water,  no  brown  or  brown- 
ish-black color  should  appear  around  the  crystal  (absence  of  nitric  add). 

Similarly  tested  with  crystal  of  ferrous  sulphate  are: 


Ferric  Chloride. — 
Solution  of  Ferric 

Chloride. — 
Tincture  of  Ferric 

Chloride. — 
Solution  of  Ferric 

Subsvlphate. — 
Solution  of  Ferric 

Tersulphate. — 
Bismuth  Citrate. — 


Bismuth  and 
Ammonium  Citrate. 


Strength  and  Character  Amount  Concen-  Time  Limit  for  Brown 
OF  Solution  of  Salt.  trated  Sul-  Coloration. 

PHURic  Acid. 

Aqueous  solution,  1 :  10.    Equal  volume.  Within  five  minutes. 


Dilution,  1:  10. 


Equal  volume.   Immediately. 


Filtrate  after  precipitat-  Equal  volume.   Immediately, 
ing  the  metal  with  hy- 
drogen sulphide. 

-Prepared    like  bismuth  Equal  volume.    Immediately, 
citrate. 


Camphoric  Add. — If  2  Cc.  of  a  saturated  aqueous  solution  of  Camphoric  Acid  be 
mixed  with  2  Cc.  of  sulphuric  acid  in  a  test-tube,  and  1  Cc.  of  a  solution  made  by 
dissolving  1  Gm.  of  ferrous  sulphate  in  2  Cc.  of  diluted  sulphuric  acid  be  poured  care- 
fully upon  it,  no  dark-colored  zone  should  develop  at  the  line  of  contact  (absence  of 
nitric  add). 

Sulphuric  Add. — If  there  be  carefully  poured  upon  it,  in  a  test-tube,  a  layer  of 
ferrous  sulphate  T.S.,  and  the  liquid  cooled,  the  zone  of  contact  should  not  assume  a 
brown  or  reddish  color  (limit  of  nitric  or  nitrous  add). 

Potassium  Carbonate. — If  5  Cc.  of  the  aqueous  solution  (1  in  20)  be  carefully 
mixed  with  an  equal  volume  of  concentrated  sulphuric  acid,  and,  after  cooling,  3  Cc. 
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of  ferrous  sulphate  T.S.  be  poured  upon  it  so  as  to  form  a  separate  layer,  no  brown 
color  should  appear  at  line  of  contact  (absence  of  nitrate) . 

Red  Mercuric  Oxide. — If  1  Gm.  of  Red  Mercuric  Oxide  be  mixed  with  5  Cc.  of 
water  and  2  Cc.  of  sulphuric  acid  added,  the  mixture  cooled,  and  2  Cc.  of  ferrous 
sulphate  T.S.  be  carefully  poured  upon  it,  no  brown  zone  should  be  developed  at  the 
line  of  contact  upon  standing  (absence  of  nitrate) . 

Bismuth  Subcarbonate. — If  0.05  Gm.  of  Bismuth  Subcarbonate  be  agitated  with 
5  Cc.  of  a  mixture  of  equal  parts  of  water  and  ferrous  sulphate  T.S.,  and  then  cau- 
tiously poured  over  5  Cc.  of  sulphuric  acid  (free  from  nitrous  compounds),  so  as  to 
form  a  layer  above,  no  brownish-red  zone  should  form  at  the  line  of  contact  of  the 
two  liquids  (limit  of  subnitrate). 

Bismuth  Subgallate. — If  0.5  Gm.  of  Bismuth  Subgallate  be  well  mixed  with  5  Cc. 
of  diluted  sulphuric  acid,  5  Cc.  of  ferrous  sulphate  T.S.  added,  and  this  mixture 
cautiously  poured,  without  shaking,  over  5  Cc.  of  sulphuric  acid  (free  from  nitrous 
compounds)  contained  in  a  test-tube,  no  brown  ring  should  form  after  standing  for 
ten  minutes  (limit  of  nitrate). 

Potassium  Chlorate. —  "| 

Potassium  Iodide. —     I  See  test  for  nitrites  in  potassium  chlorate  (p.  955). 

Sodium  Iodide. —         j 

Calcium  Bromide. — See  test  for  nitrites  in  potassium  chlorate  (p.  955),  only  using 
5  Cc.  of  1  per  cent,  solution. 

Lead  Iodide. — See  test  for  nitrites  in  potassium  chlorate  (p.  955),  only  using  5  Cc. 
of  2  per  cent,  solution. 

Sodium  Borate. — If  1  Gm.  of  the  salt  be  dissolved  in  20  Cc.  of  diluted  sulphuric 
acid  by  the  aid  of  heat,  and  3  drops  of  indigo  T.S.  be  added,  the  blue  color  should 
not  be  discharged  after  heating  for  ten  minutes  on  a  water-bath  (absence  of  nitrate) . 

Bismuth  Subsalicylate. — If  0.2  Gm.  of  Bismuth  Subsalicylate  be  triturated  with 
0.3  Gm.  of  sodium  salicylate  and  5  Cc.  of  distilled  water,  and  carefully  poured,  with- 
out mixing,  over  5  Cc.  of  sulphuric  acid  (free  from  nitrous  compounds)  contained  in  a 
test-tube,  no  pink  to  brownish-red  zone  should  form  immediately  (limit  of  nitrates). 

Potassium  Permanganate. — Five  Cc.  of  the  filtrate  left  after  boiling  salt  with 
water  and  alcohol  (p.  956)  is  submitted  to  the  diphenylamine  test,  given  under 
Potassium  Nitrate. 

Boric  acid  gives  the  alcohol  flame  a  green  tinge. 

Borates  give  similar  flame  when  treated  with  a  few  drops  of  concen- 
trated sulphuric  acid  and  a  little  alcohol  and  then  ignited.  The  following 
official  chemicals  are  tested  in  this  way: 

Present  as  Ingredients: 

Boric  Acid. — Its  solution  in  alcohol  or  glycerin,  when  ignited,  bums  with  a  flame 
enveloped  with  a  green-colored  mantle. 

An  aqueous  solution  of  Boric  Acid  (1  in  50)  colors  blue  litmus-paper  red,  and 
yellow  turmeric  paper  brownish-red  after  drying,  even  when  the  solution  has  been 
acidulated  with  hydrochloric  acid;  this  brownish-red  color  is  changed  to  bluish- 
black  by  ammonia  water. 

Sodium  Borate. — If  a  drop  of  the  solution  of  Sodium  Borate  in  glycerin  be  held 
in  a  non-luminous  flame,  a  transient  bright  green  color  will  appear. 

If  a  slight  excess  of  diluted  sulphuric  acid  be  added  to  a  hot,  saturated,  aqueous 
solution  of  the  salt,  shining,  scaly  crystals  of  boric  acid  will  separate  on  cooling,  which, 
when  dissolved  in  alcohol  and  the  hquid  ignited,  impart  a  green  color  to  the  flame. 

Hypophosphites  act  as  reducing  agents;  that  is,  when  in  acid  solution 
or  when  heated  with  solutions  of  salts  of  silver,  copper,  and  mercury, 
the  metal  is  eventually  precipitated.  On  heating,  hypophosphites  yield 
the  spontaneous  combustible  gas,  phosphine  (PH3).  (See  p.  448.) 
The  following  official  chemicals  are  tested  in  this  way: 

Poihssium  Hypophosphite. — ^The  diluted  aqueous  solution,  slightly  acidulated  with 
diluted  sulphuric  acid,  yields,  with  silver  nitrate  T.S.,  a  white  precipitate,  which 
rapidly  turns  brown  or  black,  owing  to  the  separation  of  metallic  silver. 
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On  gently  heating  an  aqueous  solution  of  Potassium  Hypophosphite  with  copper 
sulphate  T.S.,  a  reddish-brown  precipitate  is  formed. 

When  the  aqueous  solution  of  the  salt  (1  in  20),  acidulated  with  hydrochloric 
acid,  is  added,  drop  by  drop,  to  an  excess  of  mercuric  chloride  T.S.,  a  white  precipitate 
of  mercurous  chloride  is  at  first  formed.  On  further  addition  of  an  excess  of  the 
Potassium  Hypophosphite  solution,  the  precipitate  becomes  gray  from  reduction  to 
metallic  mercury. 

Sodium  Hypophosphite. —  \Same  test  as  that  for  potassium  hypophosphite  just 

Calcium  Hypophosphite. —  j      given. 

Manganese  Hypophosphite. — The  mercuric  chloride  test  given  under  Potassium 
Hypophosphite. 

Ferric  Hypophosphite. — The  silver  nitrate  and  mercuric  chloride  tests  given 
under  Potassium  Hypophosphite. 

Phosphorous  Acid. — Reduce  solution  of  silver  nitrate  and  mercuric 
chloride  as  do  hypophosphites.  It  also  gives  a  white  precipitate  with 
barium  chloride  T.S. 

Sought  as  impurity  in — 

Phosphoric  Acid. — If  1  Cc.  of  Phosphoric  Acid  be  diluted  with  5  Co.  of  water, 
and  the  liquid  gently  warmed,  it  should  not  be  blackened  upon  the  addition  of  a  few 
drops  of  silver  nitrate  T.S.,  or  rendered  turbid  by  mercuric  chloride  T.S.  (absence  of 
phosphorous  acid). 

Hypophosphorou^  Acid. — This  acid  should  not  turn  turbid  when  barium  chloride 
T.S.  is  added. 

Phosphoric  acid  and  phosphates  give  white,  crystalline  precipitate 
with  magnesium  mixture,^  a  yellow  precipitate,  soluble  in  ammonia  and 
nitric  acid  with  silver  nitrate  T.S.,  a  yellow  precipitate  on  warming  with 
ammonium  molybdate  T.S.  The  acid  differs  from  metaphosphoric 
acid  in  coagulating  albumin;  from  hypophosphorous  acid  in  giving  a 
yellow  precipitate  with  silver  nitrate.  The  following  official  chemicals 
are  tested  in  this  way: 

Present  as  Ingredients: 

Phosphoric  Acid. — See  p.  426. 

Sodium  Phosphate. — An  aqueous  solution  of  the  salt  (1  in  20)  yields  a  white, 
crystalline  precipitate  with  magnesia  mixture  T.S. 

With  silver  nitrate  T.S.  an  aqueous  solution  yields  a  yellow  precipitate,  soluble 
in  ammonia  water  and  in  nitric  acid. 

If  0.5  Cc.  of  the  aqueous  solution  (1  in  20)  be  mixed  with  1  Cc.  of  ammonium 
molybdate  T.S.,  the  mixture  wiU  at  once  assume  a  yellow  color,  and  after  being  gently 
heated  a  few  minutes  will  yield  a  yellow  precipitate. 

Compound  Solution  of  Sodium  Phosphate. — If  to  1  Cc.  of  the  Solution,  diluted 
with  an  equal  volume  of  water,  a  slight  excess  of  ammonia  water,  followed  by  1  Cc. 
of  magnesia  mixture  T.S.,  be  added,  a  white,  crystalline  precipitate  will  be  obtained. 

Precipitated  Calcium  Phosphate. — Nitric  acid  solution,  on  addition  of  ammonium 
molybdate  T.S.,  gives  yellow  precipitate. 

Soluble  Ferric  Phosphate. — Dissolve  0.1  Gm.  of  the  salt  in  2  Cc.  of  warm  water; 
add  5  Cc.  of  potassium  hydroxide  T.S.,  boil  and  filter.  Neutralize  the  filtrate  with 
hydrochloric  acid,  add  2  Cc.  of  magnesia  mixture  T.S.  and  ammonia  water  in  slight 
excess.  A  white,  crystalline  precipitate  is  produced,  which,  if  well  washed  on  a  filter, 
is  turned  yellow  by  silver  nitrate  T.S. 

Codeine  Phosphate. — The  silver  nitrate  test.   See  Sodium  Phosphate,  just  above. 

Sought  as  impurity  in — 

Hypophosphorous  Acid. — Same  as  test  for  phosphorous  acid  in  hypophosphorous 
acid  (see  above). 

^Magnesia  Mixture  T./S.— Dissolve  10  Gm.  magnesium  sulphate  and  20  Gm. 
ammonium  chloride  in  80  Cc.  distilled  water;  add  42  Cc.  ammonia  water,  U.  S.  P.; 
set  aside  a  few  days,  and  then  filter. 
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Potassium  Bitartrate. — If  1  Gm.  of  Potassium  Bitartrate  be  well  triturated  with 
about  1  Gm.  of  potassium  carbonate  and  0.5  Gm.  of  potassium  nitrate,  and  the  mix- 
ture heated  gradually  to  dull  redness  in  a  porcelain  crucible,  and  if,  upon  cooling, 
the  resulting  mass  be  treated  with  a  slight  excess  of  diluted  hydrochloric  acid  and 
filtered,  the  filtrate,  upon  being  made  slightly  alkaline  with  potassium  hydroxide 
T.S.,  should  not  yield  a  gelatinous  precipitate  soluble  in  excess  of  the  reagent  (ab- 
sence of  alum) .  If  a  precipitate  be  produced  which  is  insoluble,  it  should  be  collected 
and  thoroughly  washed  with  hot  distilled  water  and  dissolved  in  hot  diluted  nitric 
acid;  the  addition  of  an  excess  of  ammonium  molybdate  T.S.  to  this  solution  should 
not  produce  a  yellow  precipitate  (absence  of  phosphates). 

Sodium  Borate. — Aqueous  solution  (1  in  20)  not  rendered  turbid  by  magnesia 
mixture. 

Sodium  Pyrophosphate. — Gives  white — not  yellow — precipitate  with  silver 
nitrate  T.S. 

Manganese  Hypophosphite. — If  0.25  Gm.  of  the  salt  be  boiled  with  10  Cc.  of  potas- 
sium hydroxide  T.S.,  a  light  salmon-colored  precipitate  will  be  produced  which 
gradually  acquires  a  brown  color  on  exposure  to  the  air,  and  if  the  filtered  liquid,  after 
being  slightly  acidulated  with  hydrochloric  acid  and  then  rendered  alkaline  with 
ammonia  water,  be  divided  into  two  portions,  one  should  yield  no  precipitate  upon 
the  addition  of  magnesia  mixture  T.S.  (absence  of  phosphate). 

Ferric  Hypophosphite. — If  0.5  Gm.  of  the  salt  be  boiled  with  10  Cc.  of  potassium 
hydroxide  T.S.,  a  reddish-brown  precipitate  will  be  produced;  and  if  to  the  filtrate 
from  the  latter,  slightly  acidulated  with  hydrochloric  acid,  magnesia  mixture  T.S. 
be  added,  and  subsequently  an  excess  of  ammonia  water,  no  crystalline  precipitate 
should  be  produced  (absence  of  phosphate). 

Phosphates  in  phosphoric  acid  detected  by  solubility.  The  acid  dissolves  in  three 
volumes  of  alcohol  and  one  volume  of  ether.     Phosphates  do  not. 

Acid  calcium  phosphate  detected  in  precipitated  calcium  phosphate  by  the  fact 
that  the  latter  turns  yellow  with  silver  nitrate  T.S.,  while  the  acid  phosphate  stays 
white. 

Metaphosphoric  Acid. — See  p.  426. 

Pyrophosphates  give  a  white  precipitate  with  silver  nitrate  T.S. 

Present  as  Ingredients: 

Sodium  Pyrophosphate. — White  precipitate  with  silver  nitrate,  soluble  in 
ammonia  water  and  nitric  acid. 

Soluble  Ferric  Pyrophosphate. — If  0.1  Gm.  of  the  salt  be  fused  with  0.1  Gm.  each 
of  potassium  nitrate  and  sodium  carbonate,  and  the  residue  boiled  with  10  Cc.  of 
distilled  water  and  filtered,  the  filtrate,  after  being  rendered  nearly,  but  not  quite, 
neutral  with  highly  diluted  nitric  acid,  should  yield  a  yellow  precipitate  upon  the 
addition  of  silver  nitrate  T.S. 

When  so  treated,  ferric  pyrophosphate  is  converted  into  sodium  phosphate, 
hence  the  yellow  precipitate. 

Pyrophosphoric  acid  is  sought  as  impurity  in — 

Phosphoric  Add — Solution  1:6  should  have  no  precipitate,  even  after  several 
hours,  on  addition  of  an  equal  volume  of  the  official  tincture  of  ferric  chloride.  Also 
see  p.  426. 

Carbonic  acid  and  carbonates  effervesce  on  addition  of  a  diluted  acid. 
They  give  white  precipitates  with  lime  water.  The  following  official 
chemicals  are  tested  in  this  way: 

Present  as  Ingredients: 

Monohydrated  Sodium  Carbonate. — See  p.  460. 

Sodium  Bicarbonate. — See  p.  464. 

Magnesium  Carbonate. — See  p.  499. 

Prepared  Chalk. — See  p.  510. 

Precipitated  Calcium  Carbonate. — See  p.  510. 

Precipitated  Zinc  Carbonate. — See  p.  521. 

Bismuih  Svbcarbonate. — See  p.  596. 

Potassium  Carbonate. — Aqueous  solution  (1: 10)  effervesces  with  acids. 


960 


PRINCIPLES   OF  PHARMACY 


Sought  as  impurity  in — 

Potassium  Hydroxide. — On  adding  an  excess  of  diluted  sulphuric  acid  to  10  Cc. 
of  an  aqueous  solution  of  Potassium  Hydroxide  (1  in  10),  no  distinct  effervescence 
should  occur  (limit  of  carbonate). 


Similarly 

tested  are  the  following: 

Chemical. 

Acid  Used. 

Amount    op 

Strength  of 

Amount  of 

Results. 

Acid    Used. 

Salt  Solution. 

Salt  Solu- 
tion. 
No  mention. 

Potassium  cyan- 

Diluted hydrochloric. 

No  mention. 

1:20. 

No  efiferves- 

ide. 

cence. 

Potassium  ferro- 

Diluted  sulphuric. 

No  mention. 

Concentrated  so- 

No mention. 

No  efferves- 

cyanide. 

lution. 

cence. 

Potassium  hypo- 

Any. 

No  mention. 

1:20. 

No  mention. 

No  efferves- 

phosphite. 

cence. 

Sodium,   hydrox- 

Diluted sulphuric. 

Excess. 

1:  10. 

10  Cc. 

No     distinct 

ide. 

efferves- 
cence. 

Sodium  borate. 

Any. 

No  mention. 

1:  20. 

No  mention. 

No  efferves- 

Sodium phos- 

Hydrochloric or  nitric 

No  mention. 

No  mention. 

No  mention. 

cence. 
No  efferves- 

phate. 

cence. 

Sodium  pyro- 

Nitric. 

No  mention. 

Precipitate      ob- 

No mention. 

No  efferves- 

phosphate. 

tained  by  treat- 
ing 5  per  cent, 
solution       with 
silver        nitrate 
T.S. 

cence. 

Exsiccated     cal- 

A diluted. 

No  mention. 

Diy  salt. 

No  mention. 

No  efferves- 

cium, sulphate. 

cence. 

Manganese  hypo- 

Acetic. 

5Cc. 

Dry  salt. 

0.5  Gm. 

No  efferves- 

phosphite. 

cence. 

Ferric  hypophos- 

Acetic. 

10  Cc. 

Dry  salt. 

1.0  Gm. 

No  efferves- 

phite. 

cence. 

Sodium  Citrate. — The  aqueous  solution  (1  in  20)  should  not  be  colored  red  by  a 
drop  of  phenolphthalein  T.S.,  nor  effervesce  on  the  addition  of  an  acid  (absence  of 
carbonate). 

Sodium  Hypophosphite.—  \  g  ,     ,  ,      sodium  oitrate  iust  mven 

Sodium  Thiosulphate.—     j  ^^™^  ^^  ^^^*  *°^  sodmm  citrate  just  given. 

Potassium  Bicarbonate. — If  1  Gm.  of  the  salt  be  dissolved  without  agitation  in 
20  Cc.  of  water  at  a  temperature  not  above  15°  C.  (59°  F.),  and  0.2  Cc.  of  normal 
hydrochloric  acid  V.S.  and  2  drops  of  phenolphthalein  T.S.  be  added,  a  red  tint  should 
not  appear  immediately  (limit  of  carbonate). 

Sodium  Bicarbonate. — Same  as  test  for  potassium  bicarbonate  just  given. 

Ammonia  Water. — No  turbidity  with  four  volumes  of  lime  water. 

Magnesium  Oxide. — If  a  mixture  of  0.1  Gm.  of  Magnesium  Oxide  with  5  Cc.  of 
water  be  heated  to  boiling,  and,  after  cooling,  be  poured  into  5  Cc.  of  acetic  acid, 
solution  should  take  place  without  the  evolution  of  more  than  a  few  isolated  gas 
bubbles  (limit  of  carbonate). 

Lime. — If  1  Gm.  of  Calcium  Oxide  be  slaked  and  then  thoroughly  mixed  with 
50  Cc.  of  water,  and  the  greater  portion  of  the  milky  liquid  decanted,  the  addition 
of  hydrochloric  acid  to  this  residue  should  not  cause  more  than  a  slight  effervescence 
(limit  of  carbonate). 

Solution  of  Lime. — The  alkaline  reaction  of  the  Solution  should  entirely  disappear, 
after  it  has  been  saturated  with  carbon  dioxide,  and  subsequently  boiled  (absence  of 
alkalis  and  their  carbonates). 

Cerium  Oxalate.— No  effervescence  should  occur  when  the  salt  is  dissolved  in 
diluted  hydrochloric  acid. 

Silicates. — Soluble  silicates  {those  of  the  alkaline  metals),  when 
treated  with  sulphuric  acid,  give  a  gelatinous  precipitate  of  silicic  acid, 
Si{OH)^.  Soluble  silicates  can  be  precipitated  from  aqueous  solution 
by  addition  of  alcohol. 

Sought  as  impurity  in — 

Sodium  Hydroxide. — If  0.7  Gm.  of  Sodium  Hydroxide  be  dissolved  in  1.5  Cc.  of 
water,  and  the  solution  added  to  10  Cc.  of  alcohol,  not  more  than  a  slight,  white  pre- 
cipitate should  occur  within  ten  minutes  (limit  of  silicate,  etc.). 
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Permanganates  give  rose-colored  aqueous  solution  and  the  color  is  discharged 
on  addition  of  an  oxidizable  substance. 

Present  as  Ingredient: 

Potassium  Permanganate. — See  p.  451. 

ORGANIC  ACIDS 

Acetic  acid  and  acetates,  when  warmed  with  alcohol  and  sulphuric 
acid,  give  off  odor  of  acetic  ether.  Neutral  acetates  give  deep  red  color 
with  ferric  chloride.     The  following  official  chemicals  are  thus  tested : 

Present  as  Ingredient: 

Acetic  Acid. — See  p.  671. 

Potassium  Acetate. — If  a  few  particles  of  the  salt  be  added  to  a  mixture  of  1  Cc. 
of  sulphuric  acid  and  1  Cc.  of  alconol,  acetic  ether  will  be  formed,  recognizable  by  its 
odor. 

The  addition  of  a  little  ferric  chloride  T.S.  to  a  solution  of  the  salt  produces  a 
deep  red  color,  and,  upon  boiling,  a  pale  brown,  flocculent  precipitate  of  basic  ferric 
acetate  separates. 

Sodium  Acetate. — Both  tests  given  under  potassium  acetate  just  above,  except 
in  the  ferric  chloride  test  the  strength  of  the  acetate  solution  (1  in  20)  is  given. 

Zinc  Acetate. — The  addition  of  a  few  drops  of  ferric  chloride  T.S.  to  an  aqueous 
solution  of  the  salt  (1  in  20)  produces  a  red  color. 

Lead  Acetate. — On  heating  the  salt  with  sulphuric  acid,  vapors  of  acetic  acid  are 
evolved. 

Sought  as  impurity  in — 

Ammonium  Valerate. — If  a  neutral  solution  of  the  salt  be  completely  precipi- 
tated by  ferric  chloride  T.S.,  the  filtrate  should  not  possess  a  deep  red  color  (absence 
of  acetate). 

Zinc  Valerate. — If  0.5  Gm.  of  Zinc  Valerate  be  triturated  with  3  Cc.  of  water 
and  0.2  Cc.  of  ferric  chloride  T.S.  added,  the  filtrate  should  not  show  a  red  color 
(absence  of  acetate). 

Lead  Iodide. — If  1  Gm.  of  Lead  Iodide  be  boiled  for  a  few  minutes  with  20  Cc. 
of  water,  the  mixture  then  cooled  and  filtered,  and  the  lead  removed  from  the  filtrate 
by  hydrogen  sulphide,  a  portion  of  the  second  fiiltrate,  after  boiling  to  drive  off  hy- 
drogen sulphide  and  carefully  neutralizing  with  ammonia  water,  should  not  be  colored 
red  by  a  drop  of  ferric  chloride  T.S.  (absence  of  acetate). 

Lemon  Juice. — If  an  equal  volume  of  sulphuric  acid  containing  a  few  drops  of 
alcohol  be  added  to  Lemon  Juice,  and  the  liquid  heated,  no  odor  of  acetic  ether  should 
be  developed  (absence  of  acetic  acid). 

Oxalic  acid  and  oxalates  give  white  precipitate  of  calcium  oxalate  on 
treatment  with  the  solution  of  a  calcium  salt.  They  also  give  a  white 
precipitate  with  barium  chloride,  soluble  in  nitric  acid.  The  following 
official  chemicals  are  thus  tested: 

Hypophosphorous  Add. — ^Not  more  than  a  slight  turbidity  with  barium  chloride 
T.S. 

Tartaric  Acid. — An  aqueous  solution  (1  in  10),  in  which  the  free  Acid  has  been 
nearly  but  not  entirely  neutralized  by  ammonia  water,  should  not  be  affected  by 
calcium  sulphate  T.S.  (absence  of,  and  difference  from,  oxalic  add). 

Glycerin. — Aqueous  solution  (1  in  10)  should  give  neither  cloudiness,  color,  nor 
precipitate  with  calcium  chloride  T.S. 

Butyrates  give  a  hlue-green  precipitate  with  copper  acetate  solution. 
The  following  official  chemical  is  thus  tested: 

Sought  as  impurity  in — 

Zinc  Valerate. — If  a  concentrated  solution  of  copper  acetate  in  water  be  added  to 
a  concentrated  aqueous  solution  of  Zinc  Valerate,  the  mixture  should  remain  per- 
fectly clear  (absence  of  butyrate). 
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Valerates. — Aqueous  solutions  of  valerates  when  treated  with  sul- 
phuric acid  liberate  free  valeric  acid,  which  is  identified  by  its  character- 
istic odor.     The  following  official  chemicals  are  thus  tested: 

Ammonium  Valerate. — If  a  concentrated  aqueous  solution  of  Ammonium  Vale- 
rate be  slightly  supersaturated  with  sulphuric  acid,  an  oily  layer  of  valeric  acid  will 
rise  to  the  surface. 

Zinc  Valerate. — See  p.  527. 

Tartaric  acid  and  tartrates  give  white,  crystalline  precipitate  of  cream 
of  tartar  with  addition  of  the  proper  quantity  of  potassium  salt.  When 
gently  warmed  with  an  ammoniacal  solution  of  silver  nitrate,  the  latter 
is  reduced,  and  a  silver  mirror  forms.  The  following  official  chemicals 
are  thus  tested: 

Present  as  Ingredients: 

Tartaric  Acid. — See  p.  685. 

Potassium  Bitartrate. — In  the  aqueous  solution  of  the  salt,  rendered  neutral  by 
potassium  hydroxide  T.S.,  silver  nitrate  T.S.  produces  a  white  precipitate,  which, 
on  boiling,  becomes  black  through  the  separation  of  metallic  silver.  If,  before  ap- 
plying heat,  just  sufficient  ammonia  water  be  added  to  dissolve  the  white  precipitate, 
and  the  solution  boiled,  a  mirror  will  be  deposited  on  the  sides  of  the  test-tube. 

Potassium  and  Sodium  Tartrate. — With  silver  nitrate  T.S.  it  produces  a  white 
precipitate,  which  becomes  black  on  boiling. 

Iron  and  Ammonium  Tartrate. — If  an  aqueous  solution  of  the  salt  (1  in  10)  be 
deprived  of  its  iron  by  boiling  with  an  excess  of  potassium  hydroxide  T.S.,  the  filtrate, 
when  slightly  acidulated  with  acetic  acid,  will  gradually  deposit  a  white,  crystalline 
precipitate. 

Iron  and  Potassium  Tartrate. — Test  same  as  that  for  iron  and  ammonium  tar- 
trate just  given. 

Antimony  and  Potassium  Tartrate. — On  strong  heat  chars  and  gives  odor  of 
burnt  sugar. 

Sought  as  impurity  in — 

Hypophosphorov^  Acid. — Same  test  as  that  given  for  oxalates  in  hypophosphor- 
ous  acid. 

Potassium  Citrate. — A  solution  of  1  Gm.  of  Potassium  Citrate  in  1  Cc.  of  water 
should  not  deposit  any  precipitate  on  the  addition  of  1  Cc.  of  acetic  acid  (absence  of 
tartrate). 

Ferric  Citrate. — Same  test  as  that  given  above  for  iron  and  potassium  tartrate, 
except  that  no  precipitate  should  be  produced  even  after  standing  twenty-four  hours. 

Iron  and  Ammonium  Citrate. —  ^ 

Iron  and  Quinine  Citrate. —  a      tti      •    n-i.    j.    •     j.    i 

Soluble  Iron  and  Quinine  Citrate.-   \  ^^^  ferric  Citrate  just  above. 

Iron  and  Strychnine  Citrate. —  J 

Lemon  Juice. — Upon  the  addition  of  solution  of  potassium  acetate  (1  in  3)  and 
alcohol  in  excess,  no  white  crystalline  precipitate  should  form  after  allowing  the  liquid 
to  stand  fifteen  minutes  (absence  of  tartaric  acid). 

Citric  acid  and  citrates,  when  boiled  with  calcium  chloride  T.S., 
deposit  white  granular  precipitate  of  calcium  citrate.  The  following 
official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Citric  Add. — See  p.  688. 

Potassium  Citrate. — On  mixing  10  Cc.  of  the  aqueous  solution  of  the  salt  (1  in  20) 
with  10  Cc.  of  calcium  chloride  T.S.,  the  liquid  remains  clear  until  it  is  boiled,  when 
a  white,  granular  precipitate  is  produced. 

Sodium  Citrate. — Like  test  for  potassium  citrate  just  given,  except  2  Cc.  calcium 
chloride  T.S.  is  used. 
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Compound  Solution  of  Sodium  Phosphate. — If  5  Cc.  of  the  Solution  be  neutralized 
with  ammonia  water,  an  excess  of  calcium  chloride  T.S.  added,  and  the  mixture 
filtered,  the  filtrate,  upon  boiling,  should  deposit  a  white  precipitate. 

Ferric  Citrate. — If  an  aqueous  solution  of  the  salt  (1  in  10)  be  deprived  of  its  iron 
by  boiling  with  an  excess  of  potassium  hydroxide  T.S.,  and  the  filtrate  be  slightly 
acidulated  with  acetic  acid,  a  portion  of  the  cooled  liquid,  when  mixed  with  a  little 
calcium  chloride  T.S.,  and  again  heated  to  boiling,  will  gradually  afford  a  white 
crystalline  precipitate. 

Iron  arid  Ammonium  Citrate. —         ~1 

Iron  and  Quinine  Citrate. —  I   c„^  ■!?„„:„  r<j+,-,+«  +«„+  :„„+  „u«  ,« 

Soluble  Iron  and  Quinine  Citrate.-      ^^®  ^^^"^  ^^^"^^^  ^^  J"«*  ^^^^- 

Iron  and  Strychnine  Citrate. —  J 

Bismuth  Citrate. — Filtrate,  after  treatment  of  a  solution  of  1  Gm.  salt  in  ammonia 
water  with  hydrogen  sulphide  gas,  boiled  with  excess  of  lime  water,  yields  a  white 
precipitate. 

Bismuth  and  Ammonium  Citrate. — Same  as  bismuth  citrate  test  just  given,  except 
that  sodium  hydroxide  T.S.  is  used  instead  of  ammonia  water. 

Cyanides  give  a  white  precipitate  with  silver  nitrate  T.S.,  soluble  in 
excess  of  cyanide  solution.  When  treated  with  ferrous  and  ferric  salts, 
alkali,  and  then  an  excess  of  acid,  a  blue  color  (ferric  ferrocyanide) 
is  produced.     The  following  official  chemicals  are  tested  for  cyanides: 

PRESE>rT  AS  Ingredient: 

Potassium  Cyanide. — A  few  drops  of  a  solution  of  the  salt  (1  in  20)  yields  with 
silver  nitrate  T.S.  a  white  precipitate,  which  is  soluble  in  an  excess  of  the  solution  of 
Potassium  Cyanide,  also  in  ammonia  water,  and  in  concentrated  nitric  acid. 

Sought  as  impurity  in — 

Potassium  Iodide. — If  5  Cc.  of  the  aqueous  solution  be  gently  heated  with  1  drop 
of  ferrous  sulphate  T.S.,  1  drop  of  ferric  chloride  T.S.,  and  0.5  Cc.of  potassium  hy- 
droxide T.S.,  no  blue  color  should  appear  after  acidulating  the  mixture  with  hydro- 
chloric acid  (absence  of  cyanide). 

Sodium  Iodide. — Same  as  potassium  iodide  test  just  given. 

Ferrocyanides  give  deep  blue  precipitate  with  ferric  salts.  The  fol- 
lowing official  chemicals  are  thus  tested: 

Present  as  Ingredient: 

Potassium  Ferrocyanide. — The  color  of  the  precipitate  produced  by  the  addition 
of  ferric  chloride  T.S.  to  the  diluted  aqueous  solution  of  the  salt  is  dark  blue;  that 
produced  by  copper  sulphate  T.S.  is  reddish-brown;  lead  acetate  T.S.  or  silver  nitrate 
^-  T.S.  causes  a  white  precipitate. 


Sought  as  impurity  in 

Potassium  Cyanide. — I 
should  not  give  blue  color  on  addition  of  a  drop  of  ferric  chloride  T.S. 


Potassium  Cyanide. — Aqueous  solution  (1:  20)  acidulated  withjiydrochloric  acid 


Ferricyanides  give  deep  blue  precipitate  with  ferrous  salts.  The 
special  test  below  employed  by  the  pharmacopoeia. 

Sought  as  impurity  in — 

Potassium  Ferrocyanide. — The  precipitate  produced  by  silver  nitrate  T.S.  in  the 
aqueous  solution,  acidulated  with  nitric  acid,  should  be  of  a  white  color,  without  a 
tinge  of  red  (absence  of  ferricyanide). 

Sulphocyanates  give  intense  red  color  with  ferric  salts.  The  following 
official  chemicals  are  thus  tested: 
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Sought  as  impurity  in — 

Potassium  Cyanide. — Aqueous  solution  (1  in  20),  acidulated  with  hydrochloric 
acid,  should  not  give  red  color  with  a  drop  of  ferric  chloride  T.S. 
Sodium  Bicarbonate. —    Ir-i         ^      •„  •jj.j.-j.- 

Ammonium  Chloride.-  |  ^'ke  potassium  cyanide  test  just  given. 

Benzoates  give  flesh-colored  precipitates  with  ferric  salts.  The  follow- 
ing official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Benzoic  Acid. — See  p.  779. 

Sodium  Benzoate. — If  a  few  drops  of  ferric  chloride  T.S.  be  added  to  an  aqueous 
solution  of  the  salt,  a  salmon-colored  precipitate  will  be  deposited. 

Lithium  Benzoate. — Like  sodium  benzoate  test  just  given,  except  strength  of 
benzoate  solution  (1  in  20)  is  mentioned. 

Ammonium  Benzoate. — Like  sodium  benzoate  test  just  given,  except  that  satur- 
ated solution  of  the  benzoate  is  employed. 

Salicylates  give  violet  color,  or  precipitate  with  ferric  salts.  When 
warmed  with  concentrated  sulphuric  acid  and  methyl  alcohol,  it 
gives  the  odor  of  methyl  salicylate  (oil  of  wintergreen).  The  following 
official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Salicylic  Acid. — See  p.  782. 

Sodium  Salicylate. — Ferric  chloride  T.S.,  added  to  an  excess  of  a  concentrated 
solution  of  the  salt,  produces  a  violet  precipitate;  but  when  added  to  a  dilute  solution 
(1  in  100)  it  produces  a  deep  violet-blue  color. 

If  copper  sulphate  T.S.  be  added  to  the  aqueous  solution  (1  in  20)  a  green  color 
is  produced. 

On  adding  to  about  0.2  Gm.  of  the  salt,  in  a  test-tube,  about  1  Cc.  of  concen- 
trated sulphuric  acid,  and  then,  cautiously,  drop  by  drop,  about  1  Cc.  of  methyl 
alcohol,  and  heating  the  mixture  to  boiling,  methyl  salicylate  wiU  be  evolved,  recog- 
nizable by  its  odor. 

Lithium  Salicylate. — If  a  few  drops  of  ferric  chloride  T.S.  be  added  to  an  excess 
of  a  concentrated  aqueous  solution  of  Lithium  Salicylate  (1  in  4),  a  deep  red  color 
will  be  produced,  which,  after  the  liquid  is  largely  diluted  and  mixed  with  more  ferric 
chloride  T.S.,  will  change  to  a  deep  bluish-violet  tint. 

Upon  adding  to  0.5  Gm.  of  the  salt,  in  a  test-tube,  about  1  Cc.  of  concentrated 
sulphuric  acid,  and  cautiously,  drop  by  drop,  about  1  Cc.  of  methyl  alcohol,  then, 
on  heating  the  mixture  to  boiling,  the  odor  of  oil  of  gaultheria  wiU  be  evolved. 

Ammonium  Salicylate. — Like  tests  for  sodium  salicylate  just  given,  except  that 
the  iron  precipitate  is  dark  red. 

Strontium  Salicylate. — Same  as  tests  for  sodium  salicylate  just  given. 

Bismuth  Subsalicylate. — When  Bismuth  Subsalicylate  is  agitated  with  a  solution 
of  5  drops  of  ferric  chloride  T.S.  in  10  Cc.  of  water,  a  deep  violet-blue  coloration  is 
produced. 

Quinine  Salicylate. — Its  aqueous  solution,  when  treated  with  a  drop  of  ferric 
chloride  T.S.,  should  give  a  violet  color. 

Sulphuric  acid  containing  about  one-fifth  of  its  volume  of  solution  of  formalde- 
hyde gives  a  pink  color. 

Free  salicylic  add  is  sought  as  impurity  in — 

Bismuth  Subsalicylate. — ^If  1  Gm.  of  the  salt  be  agitated  with  5  Cc.  of  chloroform 
and  the  liquid  filtered  through  a  double  filter  of  fine  texture  into  5  Cc.  of  water  con- 
taining 3  drops  of  ferric  chloride  T.S.,  no  violet  zone  should  form  within  five  minutes 
at  the  hne  of  contact  of  the  two  liquids  (absence  of  free  salicylic  acid). 

Phenolsulphonates  give  pale  violet  color  with  ferric  salts.  Heated 
strongly,  they  char  and  give  odor  of  phenol.  The  following  official 
chemicals  are  thus  tested: 
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Present  as  Ingredients: 

Sodium  Phenolsidphonate. — A  diluted  solution  of  the  salt  (1  in  100)  is  rendered 
pale  violet  by  ferric  chloride  T.S.,  but  remains  clear;  barium  chloride  T.S.  leaves 
the  solution  clear,  but  if  a  portion  of  the  salt  be  ignited,  and  the  residue  dissolved 
in  water,  the  same  reagent  will  produce  in  the  solution  a  copious  white  precipitate. 

Zinc  Phenolsidphonate. — A  dilute  solution  of  the  salt  (1  in  100)  is  colored  pale 
violet  by  ferric  chloride  T.S. 

Gallic  acid  and  gallates  give,  with  ferric  chloride  T.S.,  a  hlue-hlack 
color.     The  following  official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Gallic  Acid. — See  p.  788. 

Bismuth  Svbgallate. — Filtrate  after  treatment  of  0.1  Gm.  chemical  with  hydrogen 
sulphide  test  solution  gives  blue-black  coloration  on  addition  of  1  drop  ferric  chloride 
T.S. 

Free  gallic  acid  is  sought  as  impurity  in — 

Bismuth  Subgallate. — If  0.5  Gm.  of  the  salt  be  well  shaken  with  5  Cc.  of  alcohol  and 
filtered  at  once,  the  filtrate  should  not  turn  moistened  blue  litmus-paper  red  (absence 
of  free  gallic  acid). 

Tannic  acid  and  tannates  give,  with  ferric  chloride  T.S.,  a  blue-black 
precipitate.  The  acid  differs  from  gallic  acid  yielding  precipitates  with 
solutions  of  alkaloids,  glucosides,  gelatin,  albumin,  and  starch.  The 
following  official  chemicals  are  thus  tested: 

Present  as  Ingredient: 
Tannic  Acid. — See  p.  790. 

Sought  as  impurity  in — 

Gallic  Acid. — See  p.  789. 

THE  METALS 

Potassium  and  its  salts  give  a  violet  tint  to  a  colorless  flame.  When 
the  proper  quantity  of  tartaric  acid  or  sodium  bitartrate  is  added,  a  white 
crystalline  precipitate  (cream  of  tartar)  results.  When  treated  with 
platinic  chloride  T.S.,  a  yellow,  crystalline  precipitate  of  potassioplatinic 
chloride  is  formed.  When  treated  with  sodio-cobaltic  nitrite  solution, 
a  yellow  precipitate  falls.  The  following  official  chemicals  are  thus 
tested: 

Present  as  Ingredients: 

Potassium  Acetate. — The  addition  of  sodium  bitartrate  T.S.  to  the  concentrated 
aqueous  solution  of  the  salt  causes  a  white,  crystalline  precipitate. 

Potassium  Bicarbonate. — See  p.  437. 

Potassium  Bitartrate. — With  sodium  cobaltic  nitrite  T.S.  the  aqueous  solution  of 
the  salt  yields  a  copious  yellow  precipitate. 

Potassium  Bromide. — The  addition  of  Tartaric  acid  T.S.,  or  of  sodium  bitartrate 
T.S.,  to  a  concentrated  aqueous  solution  of  the  salt  produces  a  white  crystalline  pre- 
cipitate. 

Potassium  Carbonate. — Its  aqueous  solution  (1  in  10)  yields  with  excess  of  tartaric 
acid  T.S.  a  white  crystalline  precipitate. 

Potassium  Chlorate. — With  excess  of  tartaric  acid  T.S.,  the  solution  (1  in  20) 
slowly  yields  a  scant,  white,  crystalline  precipitate;  with  platinic  chloride  T.S.,  a 
yellow  crystalline  precipitate  is  produced 

5oSn"/SS7m  Citrate.-  }  ^^^  ^''  ^^'  P^*^^^  "^^^^^  g^^«^  ^^ove. 
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Potassium  Cyanide. — With  an  equal  volume  of  sodium  bitartrate  T.S.  the  solution 
yields  a  white,  crystalline  precipitate. 

Potassium  Dichromate. — Like  test  for  potassium  bitartrate  given  above. 

Potassium  and  Sodium  Tartrate. — See  p.  447. 

Potassium  Ferrocyanide.— hike  test  for  potassium  acetate  given  above. 

Potassium  Hydroxide. — See  p.  433. 

Potassium  Hypophosphite. — Like  test  for  potassium  acetate  given  above. 

Potassium  Iodide. — Like  test  for  potassium  acetate  given  above,  except  that 
strength  of  iodide  solution  (1  in  20)  is  mentioned. 

Potassium  Nitrate. — Like  test  for  potassium  iodide  just  given. 

Potassium  Sulphate. — Like  test  for  potassium  acetate  given  above. 

Alum. — When  a  saturated  solution  of  Alum  is  shaken  with  sodium  bitartrate 
T.S.,  it  produces,  within  half  an  hour,  a  white,  crystalline  precipitate. 

Iron  and  Potassium  Tartrate. — If  an  aqueous  solution  of  the  salt  (1  in  10)  be  de- 
prived of  its  iron  by  boiling  with  an  excess  of  potassium  hydroxide  T.S.,  the  filtrate, 
when  slightly  acidulated  with  acetic  acid,  will  gradually  deposit  a  white,  crystalline 
precipitate. 

Mitigated  Silver  Nitrate. — Like  test  for  potassium  acetate  given  above,  except 
the  silver  is  removed  with  hydrochloric  acid  and  the  concentrated  filtrate  is  used. 


Sought  as  impurity  in — 

Hypophosphorous  Add. — Neither  platinic  chloride  T.S.  nor  sodium  cobaltic 
nitrite  T.S.  should  produce  more  than  a  slight  yellow  turbidity  in  the  diluted  Acid 
(limit  of  potassium). 

Sodium  Hydroxide. — No  precipitate  on  adding  excess  of  tartaric  acid  T.S. 

Sodium  Acetate. — A  saturated  aqueous  solution  should  not  be  rendered  turbid 
by  the  addition  of  sodium  bitartrate  T.S.  (limit  of  potassium). 

Sodium  Chlorate. — Like  test  for  sodium  acetate  just  given. 

Sodium  Iodide. — A  solution  of  1  Gm.  of  the  salt  in  1  Cc.  of  water  should  yield  no 
precipitate  with  1  Cc.  of  sodium  bitartrate  T.S.  (limit  of  potassium). 

Lithium  Bromide. — If  0.5  Cc.  of  sodium  cobaltic  nitrite  T.S.  be  added  to  5  Cc. 
of  an  aqueous  solution  of  the  salt  (1  in  20),  no  precipitate  or  turbidity  should  occur 
within  10  minutes  (limit  of  potassium). 


I 


Sodium  and  its  salts  give  a  brilliant  yellow  tint  to  a  colorless  flame. 
The  following  official  chemicals  are  thus  tested: 


Present  as  Ingredients: 

Sodium  Hydroxide. — See  p.  455. 

Sodium  Acetate. — 

Sodium  Arsenate. — 

Sodium  Arsenate,  Exsiccated. — 

Sodium  Benzoate. — 

Sodium  Bicarbonate. — 

Sodium  Bisulphite. — 

Sodium  Borate. — 

Sodium  Bromide. — 

Sodium  Carbonate,  Monohydrated. 

Sodium  Chlorate. — 

Sodium  Chloride. — 

Sodium  Citrate. — 

Sodium  Hypophosphite. — 

Sodium  Iodide. — 

Sodium  Nitrate. — 

Sodium  Nitrite. — 

Sodium  Phenolsulphonate. — 

Sodium  Phosphate. — 

Sodium  Pyrophosphate. — 

Sodium  Salicylate.^— 

Sodium  Sulphate. — 

Sodium  Sulphite. — 

Sodium  Thiosidphaie. — 


Like  test  for  sodium  hydroxide  (the  yel- 
low flame). 
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Lithium  and  its  salts  give  crimson  color  to  a  non-luminous  flame. 
The  following  official  chemicals  are  thus  tested: 

Present  as  iNaREDiENTs: 

Lithium  Benzoate. — See  p.  479. 

Lithium  Bromide. —     ~j 

Lithium  Carbonate. —      rp    ,    j  n     i-xu-        u  ^    /    •  a        -. 

Lithium  Citrate.—        f  ^^^^^^  ^^^  bthium  benzoate  (cnmson  flame). 

Lithium  Salicylate. —  J 

Ammonium  salts,  when  heated  with  other  alkalis,  give  off  ammonia 
gas.     The  following  official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Ammonium  Benzoate. — See  p.  487. 

Ammonium  Bromide. — When  the  aqueous  solution  is  gently  heated  with  potas- 
sium hydroxide  T.S.,  ammonia  is  evolved. 

Ammonium  Chloride. —     ~] 

Ammonium  Iodide. —  T-ij.if  •        u        -j-x- 

Ammonium  Salicylate.-  \  ^'^^  *««*  ^^^  ammomum  bromide  just  given. 

Ammonium  Valerate. —    J 

Ferric  Ammonium  Sulphate. — Like  test  for  ammonium  bromide  just  given,  except 
that  the  potassium  hydroxide  solution  gives  a  brown  precipitate. 

Iron  and  Ammonium  Tartrate. —      S  -r  ■^     j.    ^  c     c      •  •  it.j.-x 

Iron  and  Ammonium  Citrate.-         \  ^'ke  test  for  ferric  ammomum  sulphate  just 

Soluble  Iron  and  Quinine  Citrate. —  j      S  ^     • 

Bismuth  and  Ammonium  Citrate. — Like  test  for  ammonium  bromide  given  above. 
Ammoniated  Mercury. — When  heated  with  potassium  hydroxide  T.S.,  the  salt 
turns  yellow  and  evolves  vapor  of  ammonia. 

Sought  as  impurity  in — 

Potassium  Bitartrate. — The  odor  of  ammonia  should  not  be  evolved  on  heating 
the  salt  with  a  slight  excess  of  potassium  hydroxide  T.S. 

Potassium  and  Sodium  Tartrate. — Like  test  for  potassium  bitartrate  just  given. 

Calcium  Bromide. — See  test  for  nitrates  in  Calcium  Bromide  on  p.  957. 

Alum. — Like  test  for  potassium  bitartrate  given  above,  except  that  a  white  pre- 
cipitate is  formed. 

Aluminum  Sulphate. — If  1  Gm.  of  Aluminum  Sulphate  be  gently  heated  with 
5  Cc.  of  potassium  hydroxide  T.S.,  the  liquid  should  not  evolve  the  odor  of  ammonia. 

Bismuth  Subnitrate. — Like  test  for  aluminum  sulphate  just  given,  except  that 
0.1  Gm.  of  salt  is  used. 

Bismvih  Subcarbonate. — Like  test  for  aluminum  sulphate  just  given,  except  that 
10  Cc.  of  potassium  hydroxide  is  used. 

Magnesium  salts  give,  with  sodium  phosphate,  in  the  presence  of 
ammonium  chloride  and  ammonia  water,  a  white,  crystalline  precipitate. 
The  following  official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Magnesium  Oxide. — See  p.  497. 

Magnesium  Carbonate. — A  filtered  solution  of  the  salt  in  diluted  sulphuric  acid, 
when  mixed  with  ammonium  chloride  T.S.  and  an  excess  of  ammonia  water,  yield, 
with  sodium  phosphate  T.S.,  a  white,  crystalline  precipitate. 

Magnesium  Sulphate. — Like  test  for  magnesium  carbonate  just  given. 

Sought  as  impurity  in — 

Boric  Acid. — Should  not  be  precipitated  by  sodium  phosphate  T.S.  and  ammonia 
water. 
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Calcium  compounds  give,  with  ammonium  oxalate,  a  white  precipitate, 
insoluble  in  acetic  acid,  but  soluble  in  hydrochloric  acid.  The  following 
officials  are  thus  tested: 

Present  as  Ingredients: 

Chlorinated  Lime. — From  this  solution  (in  diluted  acetic  acid)  ammonium  oxalate 
T.S.  throws  down  a  white  precipitate,  insoluble  in  acetic  acid,  but  soluble  in  hydro- 
chloric acid. 

Calcium  Bromide. — ^The  aqueous  solution  of  the  salt  (1  in  20)  yields,  with  am- 
monium oxalate  T.S.,  a  white  precipitate,  insoluble  in  acetic  acid,  but  soluble  in  hy- 
drochloric acid. 

Calcium  Carbonate,  Precipitated. — Like  test  for  calcium  bromide  just  given, 
except  a  solution  is  made  with  5  Gm.  salt,  100  Cc.  water,  and  just  enough  hydro- 
chloric acid. 

Calcium  Chloride. — Aqueous  solution  (1  in  20)  tested  like  calcium  bromide. 

Calcium  Hypophosphite. — Like  test  for  calcium  chloride  just  given. 

Calcium  Sulphate,  Exsiccated. — Saturated  aqueous  solution,  tested  like  calcium 
bromide. 

Sought  as  impurity  in — 

Boric  Acid. — Not  precipitated  by  ammonium  oxalate  T.S. 

Sodium  Thiosidphate. — The  aqueous  solution  (1  in  20)  should  not  be  rendered 
turbid  by  the  addition  of  ammonium  oxalate  T.S.  (absence  of  calcium). 

Ammonium  Chloride. — Not  affected  by  ammonium  oxalate  T.S. 

Magnesium  Oxide. — Ten  Cc.  of  a  solution  of  Magnesium  Oxide  (1  in  50),  prepared 
by  the  addition  of  sufficient  acetic  acid  for  solution,  should  not  be  rendered  more 
than  slightly  opalescent  within  five  minutes  by  ammonium  oxalate  T.S.  (limit  of 
calcium). 

Magnesium  Carbonate. — Ten  Cc.  of  a  solution  of  the  salt  (lin  50),  prepared  by 
the  addition  of  sufficient  acetic  acid  for  solution,  should  not  be  rendered  more  than 
slightly  opalescent  within  five  minutes  by  ammonium  oxalate  T.S.  (limit  of  calcium). 

Manganese  Hypophosphite. — Filtrate  obtained  after  boiling  0.25  Gm.  salt  with 
10  Cc.  potassium  hydroxide  T.S.,  acidulated  with  hydrochloric  acid,  and  then  made 
alkaline  with  ammonia  water,  is  not  affected  by  ammonium  oxalate  T.S. 

Ferric  Hypophosphite. — Solution  of  1  Gm.  salt  in  10  Cc.  acetic  acid  gives  no  tur- 
bidity with  ammonium  oxalate  T.S. 

Antimony  and  Potassium  Tartrate. — One  per  cent,  aqueous  solution,  acidulated 
with  acetic  acid,  not  affected  by  ammonium  oxalate  T.S. 

Solution  of  Formaldeyhde. — Twenty  Cc.  oi  aqueous  dilution  (1  in  4)  should  give 
neither  turbidity  nor  precipitate  on  adding  ammonium  oxalate  T.S. 

Glycerin. — Aqueous  solution  (1  in  10)  should  give  neither  color,  cloudiness,  nor 
precipitate  on  adding  ammonium  oxalate  T.S. 

Tartaric  Acid. — After  supersaturating  10  Cc.  aqueous  solution  (1  in  10)  with 
ammonia  water,  not  more  than  faint  turbidity  should  be  produced  on  adding  am- 
monium oxalate  T.S. 

Citric  Acid. — On  mixing  5  Cc.  of  an  aqueous  solution  of  the  Acid  (1  in  10)  with 
a  quantity  of  ammonia  water  insufficient  to  neutralize  it  completely,  and  adding 
to  this  liquid  1  Cc.  of  ammonium  oxalate  T.S.,  it  should  remam  clear  (absence  of 
calcium) . 

Strontium  compounds  give  a  crimson  flame.  Diluted  sulphuric 
acid  and  solutions  of  sulphates  give  a  white  precipitate  of  strontium 
sulphate,  which  is  soluble  in  strong  acids.  The  following  official 
chemicals  are  thus  tested: 

Present  as  Ingredients: 

Strontium  Bromide. — See  p.  515. 

Strontium  Iodide. — With  calcium  sulphate  T.S.  it  slowly  forms  a  white  precipitate 
of  strontium  sulphate,  insoluble  in  diluted  acids;  the  same  reaction  occurs  more  quickly 
with  diluted  sulphuric  acid  and  the  readily  soluble  sulphates. 

With  potassium  chromate  T.S.  it  forms  a  yellow  precipitate  of  strontium  chrom- 
ate,  soluble  in  acetic  acid. 
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With  ammonium  carbonate  T.S.,  or  sodium  carbonate  T.S.,  it  forms  a  white 
precipitate  of  strontium  carbonate,  soluble,  with  effervescence,  in  acetic  acid. 
Strontium  Salicylate. — Like  test  for  strontium  iodide  just  given. 

Barium  salts  give  a  green  flame.  With  potassium  dichromate  T.S. 
therj  give  a  yellow  precipitate  of  barium  chromate.  With  sulphuric  acid 
they  give  a  white  precipitate  of  barium  sulphate,  insoluble  in  boiling 
nitric  acid.     The  following  official  chemicals  are  thus  tested: 

Sought  as  impurity  in — 

Solution  of  Hydrogen  Dioxide. — The  addition  of  a  few  drops  of  diluted  sulphuric 
acid  to  10  Cc.  of  the  Solution  should  produce  no  turbidity  or  precipitate  (absence  of 
barium). 

Diluted  Hydrobromic  Add. — ^Ten  Cc.  of  the  Acid  should  not  be  rendered  turbid 
by  the  addition  of  1  Cc.  of  potassium  sulphate  T.S.  (absence  of  barium). 

Diluted  Hydr iodic  Acid. — The  Acid  should  not  be  rendered  turbid  by  the  addition 
of  potassium  sulphate  T.S.  (absence  of  barium). 

Hypophosphorous  Add. — Like  test  for  diluted  hydriodic  acid,  only  first  neu- 
traUze  with  ammonia  water. 

Potassium  Bromide. — Like  test  for  hydrobromic  acid,  except  use  of  solution 
(1  in  20)  acidulated  with  hydrochloric  acid. 

Potassium  Iodide. —  "| 

Sodium  Bromide. —  j-  Like  test  for  potassium  bromide  just  given. 

Sodium  Iodide. —     j 

Ammonium  Bromide. — Like  test  for  potassium  bromide  just  given,  except 
acidulated  with  acetic  acid. 

Ammonium  Chloride. — Not  affected  by  diluted  sulphuric  acid. 

Ammonium  Iodide. — Like  test  for  potassium  bromide  just  given. 

Caldum  Bromide. — If  1  Gm.  of  Calcium  Bromide  and  1  Gm.  of  sodium  acetate 
be  dissolved  in  5  Cc.  of  distilled  water,  and  the  solution  made  slightly  acid  through  the 
addition  of  from  3  to  5  drops  (or  a  sufiicient  quantity)  of  diluted  acetic  acid,  after 
boiling  and  thoroughly  cooling,  the  solution  should  not  become  cloudy  within  five 
minutes  upon  the  addition,  with  agitation,  of  5  drops  of  potassium  dichromate  T.S. 
(absence  of  barium). 

Predpitated  Caldum  Phosphate. — Five  Cc.  of  a  solution  made  by  mixing  2  Gm. 
salt  with  20  Cc.  water,  nitric  acid  just  enough  to  dissolve,  then  water  to  make  40  Cc, 
strongly  acidulated  with  nitric  acid,  should  give  no  turbidity  on  adding  1  Cc.  potas- 
sium sulphate  T.S. 

Strontium  Bromide. —  \  Same  as  test  for  calcium  bromide  given  above,  except 

Strontium  Iodide. —      j      does  not  cloud  within  three  minutes. 

Strontium  Salicylate. — If  2  Gm.  of  Strontium  Salicylate  be  agitated  with  10  Cc. 
of  diluted  acetic  acid,  heated,  cooled,  and  filtered,  the  filtrate,  upon  the  addition  of  5 
drops  of  potassium  dichromate  T.S.,  should  not  become  cloudy  within  three  minutes 
(limit  of  barium). 

Zinc  salts  give,  with  hydrogen  sulphide  T.S.  or  with  ammonium  sul- 
phide T.S.,  a  white  precipitate  of  zinc  sulphide;  with  potassium  ferro- 
cyanide,  T.S.,  a  white,  gelatinous  precipitate  of  zinc  ferrocyanide.  Heated 
with  blow-pipe  with  cobaltous  nitrate  T.S.  it  turns  a  vivid  green.  The 
following  official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Zinc. — See  p.  518. 

Zinc  Acetate. — The  aqueous  solution  of  the  salt  (1  in  20)  yields,  with  potassium 
ferrocyanide  T.S.,  a  white,  gelatinous  precipitate,  and  with  ammonium  sulphide  T.S., 
a  pm-e  white  precipitate. 

Zinc  Bromide. — Like  test  for  zinc  acetate  just  given,  except  hydrogen  sulphide 
T.S.  also  mentioned. 

Predpitated  Zinc  Carbonate. — Like  test  for  zinc  acetate  given  above;  using  a  solu- 
tion of  1.25  Gm.  of  salt  in  10  Cc.  diluted  sulphuric  acid  and  10  Cc.  water.  Also  the 
Gobaltous  nitrate  blow-pipe  test. 
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7'^'^  Iodide  —      I  ^'^'^  test  for  zinc  acetate  given  above. 

Zinc  Oxide. — Like  test  for  zinc  acetate  given  above,  using  a  solution  of  1  Gm. 
oxide  in  10  Cc.  diluted  hydrochloric  acid  and  10  Cc.  water  made  by  digestion. 

Zinc  Phenolsvlphonate. — Like  test  for  zinc  acetate  given  above. 

Zinc  Sulphate. — Like  test  for  zinc  acetate  given  above;  also  cobaltous  nitrate 
blow-pipe  test. 

Sought  as  impurity  in — 

Manganese  Sulphate. — ^A  solution  of  1  Gm.  each  of  the  salt  and  of  sodium  acetate 
in  10  Cc.  of  water,  to  which  a  few  drops  of  acetic  acid  have  been  added,  should  not  be 
affected  by  hydrogen  sulphide  T.S.  (absence  of  zinc). 

Cerium  Oxalate. — On  boiling  the  salt  with  potassium  hydroxide  T.S.  and  filtering, 
no  precipitate  should  be  produced  in  the  filtrate  by  the  addition  of  ammonium  sm- 
phide  T.S.  (absence  of  zinc). 

Manganese  preparations,  fused  with  alkaline  hydroxides  or  carbonates 
and  an  oxidizing  agent  {'potassium  nitrate  or  chlorate),  give  a  green  mass 
{alkaline  manganate),  and  this,  when  boiled  with  water,  gives  a  purple 
solution  {of  alkaline  permanganate).  Solutions  of  its  salts  give,  with 
ammonium  sulphide  T.S.,  a  flesh-colored  precipitate  of  manganese  sul- 
phide.  The  following  official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Precipitated  Manganese  Dioxide. — See  p.  529. 

Manganese  Hypophosphite. — See  p.  530. 

Manganese  Sulphate. —Yields,  with  ammonium  sulphide  T.S.,  a  salmon-colored 
precipitate,  soluble  in  dilute  acids;  with  potassium  ferrocyanide  T.S.,  a  reddish- 
white  precipitate,  and  with  potassium  ferricyanide  T.S.,  a  brown  precipitate. 

Aluminum  salts  give,  with  ammonia  water,  a  white,  gelatinous  pre- 
cipitate of  aluminum  hydroxide,  insoluble  in  excess  of  ammonia  water; 
with  potassa  or  soda  they  give  the  same  precipitate,  but  it  is  soluble  in 
excess  of  potassa  or  soda.  The  following  official  chemicals  are  thus 
tested: 

Present  as  Ingredients: 

Alum. — ^Tested  just  as  given  above. 

Aluminum  Sulphate. — The  aqueous  solution  of  the  salt  yields,  with  potassium 
hydroxide  T.S.,  a  white,  gelatinous  precipitate  which  is  soluble  in  an  excess  of  the 
alkali,  but  which  is  again  separated  on  the  addition  of  a  suflBcient  amount  of  ammo- 
nium chloride  T.S. 

Sought  as  impurity  in — 

Ferric  Ammonium  Sulphate. — If  the  iron  be  wholly  precipitated  from  a  solution 
of  the  salt  by  treating  it  with  an  excess  of  potassium  hydroxide  T.S.,  the  resulting 
filtrate,  when  neutralized  with  hydrochloric  acid  and  then  mixed  with  ammonia 
water,  should  not  yield  a  white,  gelatinous  precipitate  (absence  of  aluminum). 

Cerium  Oxalate. — A  potassium  hydroxide  filtrate  (see  test  given  under  Zinc,  p. 
518)  should  give  no  precipitate  on  adding  ammonium  chloride  T.S. 

Potassium  Bitartrate. — See  test  given  under  Phosphates  (p.  959). 

Copper  Sulphate. — See  p.  983. 

Chromic  acid  salts,  when  warmed  with  sulphuric  acid  and  alcohol, 
change  to  a  green  liquid  which  has  the  odor  of  aldehyde.  The  following 
official  chemical  is  thus  tested: 

Potassium  Bichromate. — On  mixing  4  Cc.  of  an  aqueous  solution  (1  in  20)  with 
0.5  Cc.  of  alcohol  and  then  adding  1  Cc.  of  sulphuric  acid,  the  liquid  should  assume 
a  green  color  and  emit  the  odor  of  aldehyde. 
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Ferrous  salts  give,  with  potassium  ferricyanide,  a  blue  color  or  pre- 
cipitate.    The  following  ofl&cial  salts  are  thus  tested: 

Present  as  Ingredients: 

Ferrous  Sulphate. — The  aqueous  solution  of  the  salt  shows  an  acid  reaction  with 
blue  litmus-paper,  and  even  when  highly  diluted  gives,  with  potassium  ferricyanide 
T.S.,  a  blue  color  or  precipitate. 

Saccharated  Ferrous  Carbonate. — If  1  Gm.  of  Saccharated  Ferrous  Carbonate  be 
dissolved  in  5  Cc.  of  hydrochloric  acid,  and  the  solution  diluted  with  water  until  it 
measures  50  Cc,  portions  of  this  solution  will  yield  a  blue  precipitate  with  both  potas- 
sium ferrocyanide  T.S.  and  potassium  ferricyanide  T.S. 

This  shows  it  contains  both  ferrous  and  ferric  salt. 

Sought  as  impurity  in — 

Ferric  Chloride. — If  to  a  solution  of  the  salt  (1  in  50)  a  few  drops  of  freshly  pre- 
pared potassium  ferricyanide  T.S.  be  added,  a  pure  brown  color  should  be  produced, 
which  should  not  turn  at  once  to  a  green  or  greenish-blue  (absence  of  ferrous  salt). 

Solution  of  Ferric  Chloride. — Like  test  for  ferric  chloride  just  given,  except  a 
dilution  1  in  20  is  used. 

Solution  of  Ferric  Sulphate. —       \  Like  test  for  ferric  chloride  given  above,  ex- 

Solution  of  Ferric  Subsulphate. —  J      cept  a  dilution  1  in  10  is  used. 

Ferric  salts  (or  iron)  give  a  red-brown  precipitate  of  ferric  hydroxide 
with  ammonia  or  soda  or  potassa.  With  potassium  ferrocyanide  they 
give  a  deep  blue  color  or  precipitate,  and  with  potassium  sulphocyanate, 
a  blood-red  color.     The  following  official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Ferric  Chloride. — The  dilute  aqueous  solution  of  the  salt  shows  an  acid  reaction 
with  blue  litmus-paper,  yields  a  brownish-red  precipitate  with  ammonia  water,  and 
a  blue  precipitate  with  potassium  ferrocyanide  T.S. 

'rt^ei^'S^^fMSifli-  }  ^^^  ^  '-  ''-"  «"-de  iust  given. 

Ferric  Hypophosphite. — 0.5  Gm.  boiled  with  10  Cc.  potassium  hydroxide  T.S.  gives 
reddish-brown  precipitate. 

Ferric  Ammonium  Sulphate. — ^The  aqueous  solution  of  the  salt  has  a  slightly 
acid  reaction  upon  blue  htmus^paper,  and  yields,  with  potassium  ferrocyanide  T.S., 
a  blue  precipitate. 

With  potassium  hydroxide  T.S.  Ferric  Ammonium  Sulphate  yields  a  brownish- 
red  precipitate,  and  if  the  mixture  be  heated,  ammonia  gas  is  evolved. 

Solution  of  Ferric  Sulphate.—       "I  ^..     .     .  ,      ,      .    „ui„Hde  iust  eiven 

Solution  of  Ferric  Subsulphate.—  /  ^^^®  ^^^^  ^^^  ^^^^  cnioride  just  given. 

Iron  and  Ammonium  Tartrate. — With  potassium  ferrocyanide  T.S.  the  solution 
does  not  yield  a  blue  color  or  precipitate,  unless  it  be  acidulated  with  hydrochloric 
acid. 

If  Iron  and  Ammonium  Tartrate  be  heated  with  potassium  hydroxide  T.S.,  it 
yields  a  brownish-red  precipitate,  and  ammonia  is  evolved. 

Iron  and  Potassium  Tartrate. — Like  test  for  iron  and  ammonium  tartrate  just 
given,  except  that  no  ammonia  is  evolved. 

Ferric  Citrate. — If  Ferric  Citrate  be  heated  with  potassium  hydroxide  T.S.,  it 
yields  a  brownish-red  precipitate,  without  evolving  ammonia. 

Iron  and  Ammonium  Citrate. — Like  test  for  ferric  citrate  just  ^iven. 

Iron  and  Quinine  Citrate. — Filtrate  after  precipitating  the  quinine  with  ammonia 
does  not  turn  blue  with  potassium  ferrocyanide  unless  acidulated  with  hydrochloric 
acid.     Also  tested  like  ferric  citrate,  as  just  given. 

Soluble  Iron  and  Quinine  Citrate. — Like  tests  for  iron  and  quinine  citrate,  except 
that  ammonia  is  evolved  on  heating  with  potassium  hydroxide  T.S. 

Iron  and  Strychnine  Citrate. — Like  tests  for  soluble  iron  and  quinine  citrate  just 
given. 

Soluble  Ferric  Phosphate.—         \  j- .,     .     .    ,      ,      •    _:+__,e  mven  above 

Soluble  Ferric  Pyrophosphate.—  /  ^"^^  ^^^  ^°^  ^®"^^  ^^^^^^  ^^^^  *'^^®- 
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Sought  as  impurity  in — 

Boric  Add. — In  a  solution  of  1  Gm.  of  Boric  Acid  in  a  mixture  of  1  Cc.  of  hydro- 
chloric acid  and  49  Cc.  of  water,  0.5  Cc.  of  potassium  ferrocyanide  T.S.  should  not  at 
once  produce  a  blue  color  (limit  of  iron). 

Ammonium  Bromide. — An  aqueous  solution  of  the  salt  (1  in  150)  should  not  at 
once  assume  a  blue  color  with  potassium  ferrocyanide  T.S.  (limit  of  iron). 

Ammonium  Chloride. — Twenty  Cc.  of  the  aqueous  solution  of  the  salt  (1  in  150) 
should  not  at  once  assume  a  blue  color  on  the  addition  of  5  drops  of  potassium  ferro- 
cyanide T.S.  (limit  of  iron). 

Ammonium  Iodide. — Like  test  for  ammonium  chloride  given  above. 

Magnesium  Oxide. — If  1  Gm.  of  Magnesium  Oxide  be  dissolved  in  50  Cc.  of  di- 
luted hydrochloric  acid,  the  solution  should  be  colorless  and  not  give  an  immediate 
blue  coloration  upon  the  addition  of  potassium  ferrocyanide  T.S.  (limit  of  iron). 

Magnesium  Carbonate. — Like  test  for  magnesium  oxide  just  given,  except  a 
solution  of  1  Gm.  salt  in  20  Cc.  diluted  hydrochloric  acid  is  used. 

Purified  Talc. — Filtrate  from  25  Cc.  water,  boiled  with  5  Gm.  talc,  slightly  acidu- 
lated with  hydrochloric  acid,  should  give  no  blue  color  with  potassium  ferrocyanide 
T.S. 

Manganese  Sulphate. — The  aqueous  solution  of  the  salt  (1  in  20),  to  which  a  few 
drops  of  hydrochloric  acid  and  a  few  drops  of  chlorine  water  have  been  added,  should, 
after  having  been  boiled,  not  be  colored  red  by  potassium  sulphocyanate  T.S.  (ab- 
sence of  iron). 

Alum. — Like  test  for  ammonium  chloride  given  above. 

Aluminum  Hydroxide. — Like  test  for  magnesium  carbonate  given  above,  except 
only  one  drop  of  ferrocyanide  solution  is  to  be  used. 

Aluminum  Sulphate. — Like  test  for  ammonium  chloride  given  above. 

Antimony  and  Potassium,  Tartrate. — One  per  cent,  solution,  acidulated  with 
acetic  acid,  not  affected  by  potassium  ferrocyanide  T.S. 

Solution  of  Formaldehyde. — Twenty  Cc.  of  aqueous  dilution  (1  in  4)  should  give 
neither  turbidity  nor  precipitate  on  adding  potassium  ferrocyanide  T.S.  (This  test 
for  lead  and  copper  as  well  as  iron.) 

Citric  Add.— See  Heavy  Metal  Test  (p.  982). 

Sodium  Arsenate. — See  p.  983. 

Copper  Sulphate. — See  p.  983. 

Lead  Acetate. — See  p.  983. 

Lead  Nitrdte. — See  p.  983. 

Arsenic  and  its  compounds  give,  with  hydrogen  sulphide,  a  bright 
yellow  precipitate  of  arsenic  sulphide,  which  is  soluble  in  ammonium 
carbonate  T.S.  and  in  ammonium  sulphide  T.S.  With  ammoniacal 
solution  of  copper  sulphate  ^  they  give  a  green  precipitate,  while  acid 
solutions  dropped  on  a  sheet  of  metallic  copper  coats  the  metal  with  a 
gray  film  of  metallic  arsenic.  See  also  Marsh's  Test  (p.  573),  Betten- 
dorf's  Test  (p.  574  and  below),  and  Gutzeit's  Test  (p.  574  and  below). 
The  following  official  chemicals  are  thus  tested: 

Present  as  iNaREDiENTs: 

Arsenic  Trioxide. — See  p.  575. 

Sodium  Arsenate. — The  aqueous  solution  of  the  salt  (1  in  20)  yields  a  white  pre- 
cipitate with  barium  chloride  T.S.  or  with  calcium  chloride  T.S.,  and  a  dark  red  pre- 
cipitate with  silver  nitrate  T.S.,  all  of  which  precipitates  are  soluble  in  nitric  acid. 

If  0.5  Cc.  of  an  aqueous  solution  (1  in  20)  be  mixed  with  2  Cc.  of  hydrochloric 
acid,  and  a  drop  of  this  mixture  be  placed  upon  a  bright  piece  of  copper-foil,  then 
upon  applying  a  gentle  heat  a  dark  steel-gray  film  will  be  deposited  upon  the  copper. 

If  to  2  Cc.  of  an  aqueous  solution  (1  in  20),  5  Cc.  of  tenth-normal  silver  nitrate 
V.S.  be  added,  and  the  precipitate  redissolved  by  a  slight  excess  of  ammonia  water, 
no  black  precipitate  of  reduced  silver  should  appear  on  boiling  (absence  of  arsenite). 

1  Cupric  Ammonium  Sulphate  Test  Solution. — A  solution  of  cupri-tetram- 
monium  sulphate,  CuSO<  +  4NH3  +  H20.  To  copper  sulphate  T.S.  add  ammonia 
water,  until  the  precipitate  first  formed  is  nearly,  but  not  completely,  redissolved; 
then  filter.     This  solution  should  be  freshly  made  when  required. 
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Sought  as  impurity  in — 

All  official  chemicals  in  which  arsenic  is  to  be  sought  as  impurity  are  tested  by 
one  of  two  processes:  the  modified  Gutzeit  test  or  the  Bettendorf  test.     The  two  tests  as 

Erescribed  by  the  pharmacopceia  are  here  reproduced,  leaving  the  varieties  of  manipu- 
ition  to  be  explained  in  tabulated  form.  In  passing,  it  might  be  said  that  the  ex- 
tremely careful  details  of  these  tests  are  given  by  the  pharmacopoeia  because  the 
chemicals  employed  may  possibly  contain  arsenic,  hence  must  be  most  carefully 
tested. 

Arsenic  Test,  Modified  Gutzeit' s. — The  efficiency  of  this  test  depends  upon  a 
strict  adherence  to  the  conditions  described  below. 

Reagents 

Zinc. — This  should  be  in  a  granulated  or  fine,  mossy  condition  and  free  from 
arsenic,  sulphur,  and  phosphorus,  and  should  not  contain  more  than  0.05  per  cent, 
of  iron.  It  should  otherwise  respond  to  all  the  tests  given  under  Zinc  (Zincum,  U.  S. 
P.). 

Hydrochloric  Acid  (8  per  cent.). — Mix  22.5  Cc.  of  hydrochloric  acid  {Acidum 
Hydrochloricum,  U.  S.  P.)  with  water  sufficient  to  measure  100  Cc. 

Mercuric  Chloride  Test-paper. — By  means  of  a  glass  rod,  transfer  a  drop  of  a 
saturated  alcoholic  solution  of  mercuric  chloride  to  the  center  of  a  piece  of  white 
filter-paper  (preferably  the  kind  used  for  quantitative  analysis)  of  about  4  Cm. 
diameter;  after  drying,  this  paper  is  to  be  twice  successively  moistened  with  the 
reagent  and  dried.  It  is  not  necessary  to  moisten  the  paper  with  alcohol  or  the 
reagent  while  using  it. 

Lead  Acetate  Test-gauze. — A  piece  of  cheese-cloth,  about  1  decimeter  square, 
when  required  for  use,  is  thoroughly  impregnated  with  lead  acetate  T.S.,  and  the 
excess  of  fluid  removed  by  pressure. 

Test-flask 

Select  a  flask  of  the  capacity  of  about  60  to  75  Cc,  with  a  neck  of  about  5  to  6 
Cm.  in  length  and  about  1  Cm.  in  diameter. 

Preparation  of  the  Chemical  to  be  Tested 

To  5  Cc.  of  the  aqueous  solution  of  the  chemical  (1  in  10)  or  to  a  solution  in  5  Cc. 
of  water  of  the  residue  remaining  after  undergoing  special  treatment,  1  Cc.  of  a  mix- 
ture of  equal  volumes  of  sulphuric  acid  and  water  is  added,  followed  by  10  Cc.  of  a 
freshly  prepared  saturated  solution  of  sulphurous  acid.  This  liquid,  contained  in  a 
small  beaker,  is  heated  upon  a  bath  of  boiling  water  until  it  is  free  from  excess  of 
sulphurous  acid  and  has  been  reduced  to  5  Cc.  in  volume. 

The  Test 

Before  applying  this  test  for  the  presence  of  arsenic  in  chemicals,  in  order  to 
establish  the  freedom  of  the  reagents  from  arsenic,  sulphur,  and  phosphorus,  or  any 
interfering  contaminations,  a  preliminary  blank  test  should  be  made  as  follows: 
Into  the  flask  are  introduced  2  Gm.  of  zinc,  20  Cc.  of  the  hydrochloric  acid  (see  above), 
and  5  Cc.  of  water,  and  into  the  lower  end  of  the  neck  of  the  flask  is  inserted  a  small 
wad  of  clean  dry  gauze,  and  then  the  lead  acetate  test-gauze,  pressed  with  sufficient 
firmness  to  retain  its  place.  About  1  Cm.  space  should  be  allowed  above  the  gauze; 
the  lip  of  the  flask,  after  careful  cleansing,  is  securely  covered  by  folding  over  it  the 
mercuric  chloride  test-paper.  The  reaction  is  allowed  to  proceed  until  the  greater 
portion  of  the  zinc  has  dissolved,  which  may  require  from  one-half  to  two  hours, 
when,  if  no  trace  of  a  yellow  to  orange-colored  deposit  is  distinguishable  upon  the 
inner  surface  of  the  test-paper  cap,  the  reagents  are  proved  to  be  sufficiently  pure, 
and  a  direct  test  may  be  applied  at  once.  If  a  black  stain  is  produced,  sulphur  com- 
pounds are  present  in  the  zinc  or  reagents,  and  this  indicates  unfitness  for  use. 
While  the  blank  test  is  being  carried  out,  another  flask  should  be  charged  in  a  like 
manner  with  2  Gm.  of  zinc  and  20  Cc.  of  the  hydrochloric  acid  (see  above),  followed 
by  the  5  Cc.  of  the  solution  of  the  chemical  (1  in  10)  to  be  tested,  which  has  undergone 
reduction  as  directed  (under  Preparation  of  the  Chemical  to  he  tested) ;  the  wad  of  clean 
dry  gauze  followed  by  the  lead  acetate  test-gauze  is  then  introduced,  and  after  cleans- 
ing the  lip  of  the  flask  the  mercuric  chloride  cap  is  folded  over  the  top.  After  the 
evolution  of  hydrogen  has  continued  for  at  least  one-half  hour,  and  most  of  the  zinc 
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has  dissolved,  the  inner  side  of  the  mercuric  chloride  test-cap  is  examined  to  detect 
the  presence  of  a  yellow  stain. 

The  presence  of  arsenic  much  in  excess  of  the  permissible  limit  (1  in  100,000) 
is  manifested  by  the  formation  of  a  distinct  yellow  to  orange  spot,  according  to  the 
quantity  present.  Antimony  produces  a  dark  gray  to  brownish-black  coloration. 
The  production  of  a  black  stain  indicates  the  presence  of  sulphur  compounds  (as 
sulphurous  acid  or  sulphides),  also  possibly  antimony.  If  the  former  be  present, 
a  simultaneous  blackening  of  the  lead  acetate  gauze  will  be  observed.  If  such  be  the 
case,  the  operation,  as  directed  under  Preparation  of  the  Chemical  to  he  tested,  must  be 
repeated  upon  a  fresh  portion  of  the  sample,  using  greater  precautions  for  the  com- 
plete removal  of  the  sulphurous  acid. 

In  testing  such  phosphorus  compounds  as  hypophosphorous  acid  and  the  hypo- 
phosphites,  special  care  should  be  observed  to  completely  oxidize  the  sample  as 
directed,  otherwise  a  yellow  stain,  similar  to  that  caused  by  arsenic,  may  be  produced 
through  the  evolution  of  hydrogen  phosphide. 

Compounds  containing  antimony  are  tested  for  arsenic  by  Bettendorf's  Test. 

The  following  chemicals,  after  preparation  outhned  below,  are  submitted  to 
Gutzeit's  test: 


Chemical. 

Solution  of  hydrogen 
dioxide. 

Washed  svlphur. 
Precipitated  sulphur. 


Boric  acid. 
Hydrochloric  add. 


Pbbpabation  for  Testing. 

1  Cc.  of  solution  mixed  with  1 
Cc.  ammonia  water  and 
evaporated,  dry  residue, 

0.5  Gm.  digested  with  10  Cc. 
ammonia  water,  evaporated 
to  dryness,  taken  up  with  ni- 
tric acid,  and  evaporated,  dry 
residue, 

5  Cc.  saturated  aqueous  solu- 
tion, 

5  Cc.  of  a  dilution  (1  in  10), 


Diluted  hydrobromic  acid.      5  Cc.  of  the  official  acid, 


Diluted  hydriodic  add. 


Nitric  acid.  1 
Sulphuric  acid.  >■ 
Phosphoric  add.  J 
Hypophosphorous  add. 

Potassium  acetate. 
Potassium  sulphate. 
Sodium  acetate. 
Sodium  phosphate. 
Sodium  pyrophosphate. 
Sodium  sulphate. 
Magnesium  sulphate. 
Glycerin. 
Potassium  hypophosphite. 
Sodium  hypophosphite. 
Caldum  hypophosphite. 
Manganese  hypoplwsphite 
Methylene  blue. 


Predpitated  caldum  phos- 
phate. 
Cerium  oxalate. 


5  Cc.  of  official  acid,  poured  into 
3  Cc.  nitric  acid  in  a  beaker, 
10  Cc.  water  added, and  evap- 
orated to  dryness  on  water- 
bath,  residue, 

5  Cc.  of  a  dilution  (1  in  10), 

Prepared  like  diluted  hydriodic 
acid,  only  2  Cc.  acid  is  used. 


5  Cc.   aqueous  solution   (1  in 
10), 


Prepared  like  diluted  hydriodic 
acid,  only  5  Cc.  aqueous  solu- 
tion (1  in  10)  is  used. 

Residue  after  igniting  2  Gm. 
chemical  with  sodium  car- 
bonate and  potassium  ni- 
trate, 

2  Gm.  of  dry  chemical, 

5  Cc.  solution  (1  in  10)  in  di- 
luted hydrochloric  acid. 


Should  not  respond  to 
Gutzeit's  test. 

Should  not  respond  to 
Gutzeit's  test. 


Should  not  respond  to 

Gutzeit's  test. 
Should  not  respond  to 

Gutzeit's  test. 
Should  not  respond  to 

Gutzeit's  test. 
Should  not  respond  to 

Gutzeit's  test. 


Should  not  respond  to 

Gutzeit's  test. 

Should  not  respond  to 
Gutzeit's  test. 


Should  not  respond  to 
Gutzeit's  test. 


Should  not  respond  to 
Gutzeit's  test. 


Should  not  respond  to 
Gutzeit's  test. 


Should  not  respond  to 

Gutzeit's  test. 
Should  not  respond  to 

Gutzeit's  test. 
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The  following  chemicals  tested  by  Gutzeit's  method  are  prepared  in  a  manner  so 
intricate  that  the  exact  pharmacopoeial  wording  is  given. 

Sodium  Thiosidphate. — If  to  5  Cc.  of  an  aqueous  solution  of  the  salt  (1  in  10), 
3  Cc.  of  nitric  acid  be  added,  the  solution  cautiously  evaporated  to  dryness  on  a  water- 
bath,  and  the  residue  treated  with  distilled  water,  the  liquid  filtered,  and  the  filtrate 
and  washings  evaporated  to  dryness,  this  residue  should  not  respond  to  the  Modified 
Gutzeit's  Test  for  arsenic. 

Reduced  Iron. — To  0.5  Gm.  of  Reduced  Iron,  contained  in  a  smaU  covered  beaker, 
add  20  Cc.  of  diluted  sulphuric  acid;  after  the  reaction  has  somewhat  subsided,  warm 
the  liquid  on  a  water-bath  until  the  reaction  ceases,  then  collect  any  minute  undis- 
solved residue  of  impure  iron  arsenide  upon  a  very  small  filter,  rinse  the  beaker  with 
water,  add  the  rinsings  to  the  filter,  and  wash  the  residue  with  water  until  free  from 
acid  reaction.  Transfer  the  residue  to  the  beaker  by  rinsing  it  back,  and,  after  adding 
about  0.25  Gm.  of  potassium  chlorate  and  5  Cc.  of  hydrochloric  acid,  evaporate  the 
solution  slowly  to  dryness  on  a  water-bath.  Dissolve  the  residue  in  sufficient  water 
to  measure  50  Cc,  then  add  5  Cc.  of  this  solution  to  5  Cc.  of  a  saturated  solution  of 
sulphurous  acid,  and  heat  the  liquid  on  a  water-bath  for  fifteen  minutes,  until  all 
traces  of  sulphurous  acid  have  been  removed.  The  resulting  solution  should  not 
respond  to  the  Modified  Gutzeit's  test  for  arsenic. 

Corrosive  mercuric  chloride. —  ] 

Mild  mercurous  chloride. —       >■  See  p.  612. 

Ammoniated  mercury. —  J 

Arsenic  Test,  Bettendorf  s. — To  a  solution  of  the  prescribed  quantity  of  the 
substance  to  be  tested  in  5  Cc.  of  pure  concentrated  hydrochloric  acid,  contained  in  a 
clean  test-tube,  5  Cc.  of  a  saturated  solution  of  freshly  prepared  stannous  chloride 
in  pure  concentrated  hydrochloric  acid  are  added,  and,  after  being  heated  for 
fifteen  minutes  while  immersed  in  a  bath  of  boiling  water,  the  tube  is  allowed 
to  stand  for  one  hour.  If  arsenic  be  present  in  non-permissible  amount,  a 
brownish  tint  will  become  manifest  when  the  tube  is  placed  over  a  white  surface  and 
the  solution  viewed  from  above,  comparison  being  made  with  a  mixture  of  5  Cc. 
each  of  pure  concentrated  hydrochloric  acid  and  a  saturated  solution  of  stannous 
chloride,  prepared  under  like  conditions. 

Note. — It  is  absolutely  necessary  that  the  solution  of  stannous  chloride  be 
freshly  prepared,  and  that  sulphates,  sulphites,  sulphides,  and  salts  of  mercury,  gold, 
and  selenium  be  absent  from  the  reagents  and  chemicals  being  tested. 

This  is  the  method  used  in  testing  the  following  preparations: 


Chemical. 

Bismuth  svhnitrate. 

Bismuth  subcarbonate. 
Bismuth  citrate. 


Form  Tested. 

2  Gm.  heated  until  converted 
into  bismuth  oxide, 

2  Gm.  dry  salt, 

3  Gm.  after  ignition. 


Bismvih   and   ammonium    3  Gm.  after  ignition, 

citrate. 
Bismuth  svbgallate. 
Bismuth  subsalicylate. 


Antimony  and  potassium 
tartrate. 


2  Gm.  ignited,  5  Cc.  nitric  acid 
added,  drop  by  drop,  the 
solution  evaporated  to  dry- 
ness and  ignited;  residue, 

2  Gm.  dissolved  in  5  Cc.  hydro- 
chloric acid, 


Should  not  respond  to 

Bettendorf's  test. 
Should  not  respond  to 

Bettendorf's  test. 
Should  not  respond  to 

Bettendorf's  test. 
Should  not  respond  to 

Bettendorf's  test. 
Should  not  respond  to 

Bettendorf's  test. 


Should  not  respond  to 
Bettendorf's  test. 


Zinc— See  p.  982. 

Zinc  Acetate. — See  p.  982. 

Zinc  Bromide. — See  p.  982. 

Precipitated  Zinc  Carbonate. — See  p.  982. 

Zinc  Chloride.— See  p.  982. 

Zinc  Iodide. — See  p.  982. 

Zinc  Oxide. — See  p.  982. 

Zinc  Phenolsvlphonate. — See  p.  982. 

Zinc  Sulphate. — See  p.  982. 

Zinc  Valerate. — See  p.  983. 

Calcium  Chloride. — See  p.  983. 
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Antimony  and  its  compounds  give,  in  acid  solution  with  hydrogen  sul- 
phide, an  orange  precipitate  of  antimony  sulphide,  soluble  in  ammonium 
sulphide  T.S.     The  following  chemical  is  thus  tested: 

Present  as  Ingredient: 

Antimony  and  Potassium  Tartrate. — The  aqueous  solution  of  the  salt  possesses 
a  slightly  acid  reaction,  and  yields  with  hydrochloric  acid  a  white  precipitate,  soluble 
in  an  excess  of  the  acid;  but  no  precipitate  occurs  if  tartaric  acid  has  previously  been 
added. 

In  a  solution  of  Antimony  and  Potassium  Tartrate,  acidulated  with  hydrochloric 
acid,  hydrogen  sulphide  T.S.  produces  an  orange-red  precipitate,  which  is  soluble  in 
ammonium  sulphide  T.S.  and  potassium  hydroxide  T.S. 

Antimony  and  Potassium  Tartrate  is  precipitated  from  its  aqueous  solution  by 
tannic  acid  T.S.,  and  yields  a  white  precipitate  with  solutions  of  the  alkaline  car- 
bonates and  hydroxides,  soluble  in  excess  of  the  latter. 

Sought  as  impurity  in — 

Zinc. — Hydrogen  evolved  on  treatment  of  1  Gm.  with  20  Cc.  diluted  hydro- 
chloric acid  should  not  color  strip  of  paper  moistened  with  silver  nitrate  T.S. 

Cadmium  and  its  compounds  give,  in  acid  solution  with  hydrogen 
sulphide,  a  yellow  precipitate,  insoluble  in  ammonium  sulphide  T.S. 

Sought  as  impurity  in — 

Zinc— See  p.  982. 

Zinc  Acetate. — See  p.  982. 

Zinc  Bromide. — See  p.  982. 

Precipitated  Zinc  Carbonate. — See  p.  982. 

Zinc  Chloride. — See  p.  982. 

Zinc  Iodide. — See  p.  982. 

Zinc  Oxide. — See  p.  982. 

Zinc  Phenolsulphonate. — See  p.  982. 

Zinc  Sidphate. — See  p.  982. 

Zinc  Valerate. — See  p.  983. 

Copper  salts  give,  with  potassium  ferrocyanidQ  T.S.,  a  red-brown  pre- 
cipitate of  copper  ferrocyanide.  With  ammonia  water  they  give  a  blue- 
white  precipitate  of  cupric  hydroxide,  which,  when  treated  with  excess  of 
ammonia  water,  dissolves  to  an  azure-blue  liquid  (see  Cupric  Ammonium 
Sulphate  T.S.,  p.  972).  //  a  bright  piece  of  steel  is  dipped  into  a  copper 
solution,  it  becomes  coated  with  metallic  copper.  The  following  official 
chemicals  are  thus  tested: 

Present  as  Ingredient: 

Copper  Sidphate. — If  a  drop  of  the  solution  (1 :  20)  be  placed  upon  a  bright  piece  of 
iron,  a  red  film  of  metallic  copper  will  be  produced. 

With  potassium  ferrocyanide  T.S.  the  solution  yields  a  deep  reddish-brown  pre- 
cipitate. 

If  ammonia  water  be  added  to  the  solution,  drop  by  drop,  a  pale  blue  precipitate 
of  cupric  hydroxide  is  formed,  which  redissolves  in  an  excess  of  ammonia  water, 
forming  a  deep  azure-blue  solution. 

Sought  as  impurity  in — 

D-       41.  d  1.   u    t  r  3  Gm.  dissolved  in  about  4  Cc.  warm  nitric  acid, 

Bismuth  Submtrate.-  I  ^^^^^  j^^^  j^^  ^.^   ^^^      gl^^.^^^  evaporated  to 

Bismuth  Subcarbonate.-  j  ^^  ^^  ^^^        j^  g^^^^.^^  5  ^^  ^^  ^^^^  gl^^.^^^  ^^^^^1^ 

Bismuth  Subsalicylate.-  [  ^.^^  ^^  blue  color  with  excess  of  ammonia  water. 

K-       fh  ri-f    t  f  ^  Gm.,  when  ignited  and  treated  as  in  test 

msmutn  curate.  i      for  bismuth  subnitrate  just  given,  should 

Bismuth  and  Ammonium  Citrate.—  |     ^j^^  ^^  j^^^^  ^^^^j,  •»       ^ 
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Bismuth  Subgallate. — 3  Gm.  ignited,  dissolved  in  nitric  acid,  added  drop  by  drop, 
evaporated,  ignited,  redissolved  in  nitric  acid,  the  solution  concentrated  to  4  Cc,  and 
treated  as  in  test  for  bismuth  subnitrate  given  above,  should  give  no  blue  color. 

SolvUion  of  Formaldehyde. — See  test  for  iron  in  solution  of  formaldehyde  (p.  972). 

OU  of  CajuptU. — On  shaking  5  Cc.  of  the  Oil  with  5  Cc.  of  water  containing  1 
drop  of  diluted  hydrochloric  acid,  a  reddish-brown  color  should  not  be  produced  in 
the  acid  liquid  when  separated  from  the  Oil,  if  a  drop  of  potassium  ferrocyanide  T.S. 
be  added  (absence  of  copper). 

Sodium  Chlorate. — See  p.  982. 

Zinc.— See  p.  982. 

Zinc  Acetate. — See  p.  982. 

Zinc  Bromide. — See  p.  982. 

Precipitated  Zinc  Carbonate. — See  p.  982. 

Zinc  Chloride. — See  p.  982. 

Zinc  Iodide. — See  p.  982. 

Zinc  Oxide.— See  p.  982. 

Zinc  Phenolsulphonate. — See  p.  982. 

Zinc  Sulphate. — See  p.  982. 

Zinc  Valerate. — See  p.  983. 

Sodium  Arsenate. — See  p.  983. 

Lead  Acetate. — See  p.  983. 

Lead  Nitrate. — See  p.  983. 

Bismuth  salts  in  concentrated  acid  solution  yield,  when  poured  into 
large  amount  of  water,  a  white  precipitate  (of  the  "sub"  salt  of  bismuth). 
With  hydrogen  sulphide,  solutions  of  bismuth  salts  give  a  black  precipi- 
tate of  bismuth  sulphide.  The  following  official  chemicals  are  thus 
tested: 

Present  as  Ingredients: 

Bismuth  Subnitrate. — See  p.  592. 

Bismuth  Subcarbonate. — If  3  Gm.  of  the  salt  be  dissolved  in  just  a  sufficient 
quantity  (about  4  Cc.)  of  warm  nitric  acid,  and  the  solution  poured  into  100  Cc.  of 
water,  a  white  precipitate  is  produced. 

Bismuth  Citrate. — Like  test  for  bismuth  subcarbonate  just  given.  Also:  a 
solution  of  1  Gm.  of  Bismuth  Citrate  in  ammonia  water,  when  treated  with  hydrogen 
sulphide  in  excess,  yields  a  black  precipitate. 

Bismuih  and  Ammonium  Citrate. — Like  tests  for  bismuth  citrate  just  given, 
except  that  the  hydrogen  sulphide  test  is  performed  in  solution  with  sodium 
hydroxide. 

Bismuih  Subgallate. — 0.1  Gm.,  agitated  with  hydrogen  sulphide  T.S.,  gives  black 
precipitate. 

Bismuih  Subsalicylate. — 1  Gm.,  shaken  with  10  Cc.  diluted  hydrochloric  acid  and 
the  filtrate  poured  into  excess  of  water,  gives  a  heavy  white  precipitate  of  basic  bis- 
muth chloride. 

Lead  salts  give,  with  hydrochloric  acid,  a  white  precipitate  of  lead 
chloride,  which  is  sparingly  soluble  in  water;  with  diluted  sulphuric  acid 
it  gives  a  white  precipitate  of  lead  sulphate;  with  hydrogen  sulphide,  a 
black  precipitate  of  lead  sulphide;  with  potassium  iodide,  a  yellow  pre- 
cipitate of  lead  iodide.     The  following  official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Lead  Oxide. — See  p.  599. 

Lead  Acetate. — The  aqueous  solution  of  Lead  Acetate  has  a  neutral  or  slightly 
alkaline  reaction,  and  yields  a  black  precipitate  with  hydrogen  sulphide  T.S.,  a  yellow 
one  with  potassium  iodide  T.S.,  and  a  white  one  with  diluted  sulphuric  acid. 

Lead  Nitrate. — Like  test  for  lead  acetate  just  given. 

Sought  as  impurity  in — 

Bismuth  Subnitrate. — 3  Gm.  salt  is  dissolved  in  3  Cc.  warm  nitric  acid,  and  solution 
is  poured  into  100  Cc.  water.     The  filtrate  is  evaporated  on  water-bath  to  30  Cc, 
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Bismuth  Subsalicylate. — 
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and  again  filtered.  Five  Cc.  of  this  filtrate  mixed  with  an  equal  quantity  of  diluted 
sulphuric  acid  should  not  become  cloudy. 

Bismuth  Subcarbonate. — Like  test  for  bismuth  subnitrate  just  given,  only  4  Cc. 
nitric  acid  is  used. 

{Like  test  for  bismuth  subnitrate  just 
given,  only  the  salt  is  ignited  and  dis- 
solved in  just  a  sufficient  quantity  of 
warm  nitric  acid. 
The  salt  is  ignited,  dissolved  in  just  enough  nitric 
acid,  evaporated  to  dryness,  and  ignited,  again 
dissolved  in  nitric  acid  and  evaporated  to  4  Cc. 
Rest  of  process  as  in  test  for  bismuth  subnitrate 
given  above. 

Silver  Nitrate. — If  5  Cc.  of  an  aqueous  solution  of  the  salt  (1  in  10)  be  mixed  with 
20  Cc.  of   hot  diluted  sulphuric  acid  and  heated  to  boiling,  no  turbidity  should  be 

S)erceptible,  and  upon  standing  no  white  precipitate  should  be  deposited  (absence  of 
ead). 

Sulphuric  Acid. — On  mixing  the  Acid  carefully  with  4  or  5  volumes  of  alcohol, 
no  precipitate  should  be  formed  within  one  hour  (absence  of  lead). 

This  test  is  purely  physical,  the  lead  salt  not  dissolving  in  alcohol. 

Solution  of  Formaldehyde. — See  test  for  iron  in  solution  of  formaldehyde  (p. 
972). 

Sodium  Chlorate. — See  p.  982. 

Zinc— See  p.  982. 

Zinc  Acetate. — See  p.  982. 

Zinc  Bromide.— See  p.  982. 

Precipitated  Zinc  Carbonate. — See  p.  982. 

Zinc  Chloride. — See  p.  982. 

Zinc  Iodide. — See  p.  982. 

Zinc  Oxide. — See  p.  982. 

Zinc  Phenolsulphonate.- — See  p.  982. 

Zinc  Sulphate. — See  p.  982. 

Zinc  Valerate. — See  p.  983. 

Sodium  Arsenate. — See  p.  983. 

Calcium  Chloride. — See  p.  983. 

Mercury  Salts  (both  "ous"  and  "ic"). — Give  with  hydrogen  sulphide 
a  black  precipitate  of  mercuric  sulphide. 

Mercurous  Salts. — Give  with  hydrochloric  acid  a  white  precipitate 
of  mercurous  chloride. 

Sought  as  impurity  in — 

Solution  of  Mercuric  Nitrate. — No  precipitation  or  cloudiness  should  occur  in  the 
Solution  on  the  addition  of  water,  or  of  diluted  hydrochloric  acid  (absence  of  mer- 
curous salt). 

Mercuric  Salts. — Give  no  precipitate  with  hydrochloric  acid.  They 
give  with  ammonia  a  white  precipitate  (ammoniated  mercury);  with 
potassium  iodide,  a  red  precipitate  of  mercuric  iodide,  soluble  in  excess, 
and  with  potassium  hydroxide,  a  yellow  precipitate  of  mercuric  oxide. 
The  following  official  chemicals  are  thus  tested: 

Present  as  Ingredients: 

Ammoniated  Mercury. — The  solution  of  the  salt  in  diluted  nitric  acid  gives  with 
potassium  iodide  T.S.  a  red  precipitate. 

Corrosive  Mercuric  Chloride. — See  p.  612. 

Silver  Salts. — Give  with  hydrochloric  acid,  a  curdy  white  precipitate 
of  silver  chloride,  soluble  in  ammonia  water,  but  insoluble  in  nitric  acid. 
The  following  official  chemicals  are  thus  tested: 
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Present  as  Ingredients: 

Silver  Nitrate.— See  p.  622. 

Mitigated  Silver  Nitrate. — An  aqueous  solution  of  Mitigated  Silver  Nitrate  yields, 
with  a  slight  excess  of  hydrochloric  acid,  a  white  precipitate,  which  is  readily  soluble 
in  ammonia  water. 


Sought  as  impurity  in — 

Bismuth  Subnitrate. — 

Bismuth  Subcarhonate. — 

Bismuth  Citrate. — 

Bismuih  and  Am,monium  Citrate. - 

Bismuth  Subgallate. — 

Bismuth  Subsalicylate. — 


5  Cc.  filtrate  prepared  exactly  as  outlined 
for  the  respective  chemical  in  test  for 
lead  p.  977)  should  not  "yield  with  hy- 
drochloric acid  a  precipitate  which  is  in- 
soluble in  a  slight  excess  of  the  latter." 


Group  Impurities. — Aside  from  the  tests  for  specific  impurities 
given  on  the  foregoing  pages,  the  pharmacopoeia  in  several  cases  directs 
tests  for  groups  of  impurities,  such  as  heavy  metals,  excess  of  alkali, 
and  non-volatile  impurities. 

Time-limit  Test  for  Heavy  Metals. — This  test  is  to  be  used  to  detect  the 
presence  of  undesirable  metallic  impurities  in  official  chemical  substances  or  their 
solutions;  these  should  not  respond  affirmatively  within  the  stated  time. 

Ten  Cc.  of  a  solution  of  the  substance  in  distilled  water  (1  in  20),  contained  in  a 
test-tube  of  about  40-Cc.  capacity,  is  acidulated  with  1  Cc.  of  diluted  hydrochloric 
acid  (unless  otherwise  directed),  warmed  to  about  50°  C.  (122°  F.),  and  an  equal 
volume  of  freshly  prepared  hydrogen  sulphide  T.S.  added,  and  the  mixture  allowed 
to  stand,  in  the  well-stoppered  test-tube,  in  a  warm  place,  at  35°  C.  (95°  F.),  for  at 
least  half  an  hour.  At  the  end  of  this  time  any  coloration  or  turbidity  is  carefully 
noted,  ammonia  water  is  added  in  excess,  and  the  solution  again  examined  for  a 
coloration  or  turbidity. 

Before  the  addition  of  the  ammonia  water,  the  mixture  should  still  possess  the 
odor  of  hydrogen  sulphide;  if  not,  it  should  be  thoroughly  saturated  with  the  gas 
and  again  set  aside  for  half  an  hour. 

Any  change  in  the  color  of  the  solution  which  is  being  tested  should  be  noted  by 
comparison  with  the  same  volume  of  the  hydrogen  sulphide  T.S.  (which  has  been 
likewise  acidulated),  when  viewed  by  reflected  light  while  held  against  a  white  sur- 
face. 

Antimony  yields,  upon  the  addition  of  hydrogen  sulphide  T.S.  to  highly  diluted 
solutions,  a  pale  yellow  to  orange  color,  or,  to  more  concentrated  solutions,  an  orange 
precipitate,  which  is  soluble  in  test  solutions  of  potassium  hydroxide  and  ammonium 
sulphide,  as  well  as  in  strong  hydrochloric  acid.  The  precipitate  is  insoluble  in  test 
solution  of  ammonium  carbonate.  The  addition  of  ammonia  water  to  the  highly 
diluted  hydrogen  sulphide  solution  of  antimony  slightly  intensifies  the  coloration. 

Arsenic  yields,  upon  the  addition  of  hydrogen  sulphide  T.S.  to  highly  diluted 
solutions,  a  pale  yellow  color,  to  more  concentrated  solutions,  a  yellow  precipitate, 
which  is  soluble  in  test  solutions  of  potassium  hydroxide,  ammonium  sulphide,  and 
ammonium  carbonate,  but  is  reprecipitated  upon  the  addition  of  hydrochloric  acid, 
insoluble  in  excess.  The  addition  of  ammonia  water  to  the  highly  diluted  hydrogen 
sulphide  solution  of  arsenic  slightly  intensifies  the  yellow  color. 

Cadmium  in  very  dilute  solutions  gives,  with  hydrogen  sulphide  T.S.  or  am- 
monium sulphide  T.S.,  a  pale  yellow  color;  it  yields  in  more  concentrated  solutions 
(not  excessively  acid)  a  yellow  precipitate,  which  is  insoluble  in  cold  diluted  hydro- 
chloric acid,  potassium  hydroxide  T.S.,  or  ammonium  sulphide  T.S.  (distinction 
from  arsenic),  and  in  solution  of  potassium  cyanide.  This  precipitate  is  soluble  in 
nitric  and  hydrochloric  acids  and  in  hot  diluted  hydrochloric  and  sulphuric  acids. 

Copper  yields,  upon  the  addition  of  hydrogen  sulphide  T.S.  to  highly  diluted 
solutions,  a  pale  brown  color,  or,  to  more  concentrated  solutions,  a  brownish-black 
precipitate,  which  is  insoluble  in  diluted  hydrochloric  acid  and  test  solution  of  potas- 
sium hydroxide,  and  is  but  very  slightly  soluble  in  test  solution  of  ammonium  sul- 
phide. The  precipitate  is  soluble  in  warm  diluted  nitric  acid  and  also  in  solution  of 
Eotassium  or  sodium  cyanide.  The  addition  of  ammonia  water  to  the  highly  diluted 
ydrogen  sulphide  solution  containing  copper  slightly  intensifies  the  coloration. 

Iron. — Acidified  solutions  of  ferrous  iron  do  not  react  with  hydrogen  sulphide 
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T.S.,  but  yield  a  dark  coloration  or  black  precipitate  with  ammonium  sulphide 
T.S.,  or  upon  the  addition  of  ammonia  water  to  the  hydrogen  sulphide  mixture. 
This  latter  precipitate  is  soluble  in  cold  diluted  hydrochloric  acid. 

Acidified  solutions  of  ferric  iron  yield  a  white  turbidity  or  precipitate  of  sulphur 
upon  the  addition  of  hydrogen  sulphide  T.S.,  but  a  dark  coloration  or  black  precipi- 
tate with  ammonium  sulphide  T.S.,  or  upon  the  addition  of  ammonia  water  to  the 
hydrogen  sulphide  mixture.  This  precipitate  is  readily  soluble  in  acetic  and  inorganic 
acids. 

Lead  yields,  upon  the  addition  of  hydrogen  sulphide  T.S.  or  ammonium  sulphide 
T.S.  to  highly  diluted  solutions,  a  pale  brown  coloration,  or,  to  more  concentrated 
solutions,  a  black  precipitate,  which  is  insoluble  in  diluted  hydrochloric  acid,  and  also 
in  test  solutions  of  potassium  hydroxide  and  ammonium  sulphide. 

Zinc  yields,  with  ammonium  sulphide  T.S.  and  with  hydrogen  sulphide  T.S., 
either  in  neutral  solution,  or  after  acidulation  with  acetic  acid  (in  the  absence  of  free 
mineral  acids),  a  white  turbidity  in  highly  diluted  solutions,  but  with  concentrated 
solutions  a  white  precipitate,  soluble  in  hydrochloric  acid  and  insoluble  in  acetic  acid. 

Below  are  tabulated  the  official  chemicals  thus  tested,  with  outline 
of  method  of  preparation  before  applying  the  test: 


Chemical. 
Solution  of  hydrogen  diox- 
ide. 


Boric  acid. 
Hydrochloric  acid. 
Acetic  acid. 

Diluted  hydrobromic  add. 
Diluted  hydriodic  add. 
Nitric  acid. 

Sulphuric  acid. 
Phosphoric  add. 

Hypophosphorous  acid. 
Potassium  hydroxide. 
Potassium  bicarbonate. 
Potassium  bromide. 
Potassium  carbonate. 
Potassium  and  sodium  tar- 
trate. 
Potassium  iodide. 
Potassium  nitrate. 
Potassium  sulphate. 
Sodium  hydroxide. 
Sodium  borate. 
Sodium  bromide. 
Sodium  carbonate. 
Sodium  bicarbonate. 
Sodium  chloride. 
Sodium  iodide. 
Sodium  nitrate. 
Sodium  phenolsulphonate. 
Sodium  phosphate. 
Sodium  pyrophosphate. 
Sodium  sulphate. 
Ammonium  bromide. 
Ammonium  carbonate. 
Ammonium  iodide. 
Caldum  bromide. 
Strontium  bromide. 
Strontium  iodide. 
Glycerin. 


Peepahation. 

1  Cc.  solution  is  mixed  with  1  Cc.  ammonia  water  evap- 
orated to  dryness;  this  residue,  dissolved  in  10  Cc. 
distilled  water,  containing  1  Cc.  diluted  hydrochloric 
acid,  should  not  respond  to  test. 

Aqueous  solution  (1  in  25)  should  not  respond  to  test. 

Aqueous  dilution  (1  in  20)  should  not  respond  to  test. 

10  Cc.  of  diluted  acid  should  not  respond  to  test. 

Neutralized  with  ammonia  water  and  diluted  to  1  in  20 

should  not  respond  to  test. 
Aqueous  dilution  (1  in  20)  should  not  respond  to  test. 
10  Cc.  aqueous  dilution  (1  in  20)  should  not  respond  to 

test. 
10  Cc.  official  acid  should  not  respond  to  test. 


Aqueous  solution  (1  in  20),  slightly  acidulated  with  hy- 
drochloric acid,  should  not  respond  to  test. 
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Chemical. 

Potassium  hypophosphite. 
Sodium  hypophosphite. 
Lithium  citrate. 
Calcium  hypophosphite. 
Potassium  bitartrate. 

Sodium  benzoate. 
Sodium  salicylate. 
Lithium  benzoate. 
Lithium  salicylate. 
Ammonium,  benzoate. 
Ammonium  salicylate. 
Ammonium  valerate. 
Strontium  salicylate. 
Amm^onia  water. 

Magnesium  oxide. 

Magnesium  carbonate. 

Cerium  oxalate. 

Aluminum  hydroxide. 

Lithium  carbonate. 

Precipitated  calcium  car- 
bonate. 

Precipitated  calcium  phos- 
phate. 

Manganese  sulphate. 


Potassium  acetate. 
Potassium  citrate. 
Sodium  acetate. 
Sodium  citrate. 

Sodium  bisulphite. 
Sodium  nitrite. 
Sodium  sulphite. 

Lithium  bromide. 
Ammonium  chloride. 
Alum. 
Magnesium  sulphate. 

Aluminum  sulphate. 
Sodium  thiosulphate. 


Lactic  acid. 
Ferrous  sulphate. 


Ferric  chloride. 


Preparation. 

Aqueous  solution  (1  in  20),  acidulated  with  hydrochloric 
acid,  should  not  respond  to  test. 

Aqueous  solution,  acidulated  with   hydrochloric   acid, 
should  not  respond  to  test. 


Aqueous  solution  (1  in  20),  acidulated  with  hydrochloric 
acid  and  filtered;  the  filtrate  should  not  respond  to 
test. 


Made  slightly  acid  with  hydrochloric  acid.  Should  not 
respond  to  test. 

(Solution  (1  in  20)  in  diluted  hydrochloric  acid  should  not 
respond  to  test. 

IAcid  solution  made  by  mixing  5  Gm.  salt  with  100  Cc. 
water  and  a  sufficient  quantity  of  hydrochloric  acid, 
should  not  respond  to  test. 
Prepared  as  in  test  for  precipitated  chalk  just  given,  ex- 
cept that  heat  is  used  in  efifecting  solution,  should 
not  respond  to  test. 
Aqueous  solution  (1  in  20),  to  which  a  few  drops  hydro- 
chloric acid  and  of  chlorine  water  is  added,  should  not 
respond  to  test. 

)  Aqueous  solution  (1  in  20),  slightly  acidulated  with 
acetic  acid,  should  not  respond  to  test. 

}If  1  Gm.  of  the  salt  be  dissolved  in  20  Cc.  of  diluted  hy- 
drochloric acid,  and  heated  sufficiently  to  expel  the 
gases,  the  resulting  solution  after  restoring  it  to  its 
original  volume  should  not  respond  to  test. 

>■  Aqueous  solution  (1  in  20)  should  not  respond  to  test. 

10  Cc.  aqueous  solution  (1  in  20)  should  not  respond  to 
test. 

Aqueous  solution  (1  in  10)  should  not  respond  to  test. 

20  Cc.  aqueous  solution  (1  in  20),  evaporated  to  dryness^ 
taken  up  with  3  Cc.  nitric  acid,  evaporated,  taken  up 
with  water,  filtrate  again  evaporated  and  residue  dis- 
solved in  20  Cc.  water;  this  solution  should  not  respond 
to  test. 

10  Cc.  aqueous  solution  (1  in  10)  should  not  respond  to 
test. 

If  1  Gm.  of  the  salt  be  dissolved  in  about  25  Cc.  of  water 
containing  1  Cc.  of  diluted  sulphuric  acid,  the  solution 
heated  to  boiling,  oxidized  with  nitric  acid,  and  then 
mixed  with  a  slight  excess  of  ammonia  water,  the 
filtrate  from  the  reddish-brown  precipitate  produced 
should  be  colorless,  and,  after  acidulating  with  hydro- 
chloric acid,  should  not  respond  to  test. 

If  1  Gm.  of  the  salt,  dissolved  in  25  Cc.  of  boiling  water, 
be  treated  with  an  excess  of  ammonia  water,  the 
filtrate  should  be  colorless,  and,  after  acidulation  with 
hydrochloric  acid,  20  Cc.  of  the  solution  should  not 
respond  to  test. 
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Chemical. 
Ferric  hypophosphite. 


Antimony  and  potassium 
tartrate. 


Copper  sulphate. 

Potassium  chlorate. 
Citric  acid. 

Tartaric  acid. 


Pbeparation. 

If  1  Gm.  of  the  salt  be  dissolved  in  about  25  Cc.  of  boiling 
water  by  the  aid  of  sufficient  hydrochloric  acid,  added 
drop  by  drop,  then  a  slight  excess  of  ammonia  water 
added,  the  filtrate  from  the  reddish-brown  precipitate 
should  be  colorless,  and,  after  acidulating  with  hydro- 
chloric acid,  should  not  respond  to  test. 

If  to  the  aqueous  solution  of  the  salt  (1  in  20)  just  suffi- 
cient sodmm  hydroxide  T.S.  be  added  to  redissolve 
the  precipitate  formed,  and  if  to  this  solution  an  equal 
volume  of  freshly  prepared  hydrogen  sulphide  T.S.  be 
added,  no  coloration  should  be  noticeable  after  stand- 
ing in  a  warm  place  for  half  an  hour  when  viewed  by 
reflected  light  while  held  against  a  white  surface 
(absence  of  heavy  metals) . 

If  the  aqueous  solution  of  the  salt  (1  in  20)  be  heated  to 
boiling  with  an  excess  of  sodium  hydroxide  T.S.,  until 
all  of  the  copper  has  been  converted  into  black  eupric 
oxide,  it  will  yield  a  colorless  filtrate,  which,  after 
acidulation  with  acetic  acid,  should  not  respond  to 
test. 

The  aqueous  solution  of  the  salt  (1  in  20)  should  not  be- 
come discolored  upon  the  addition  of  ammonium 
sulphide  T.S.  (absence  of  heavy  metals). 

The  aqueous  solution  (1  in  20),  mixed  with  a  few  drops 
of  hydrochloric  acid,  should  not  respond  to  the  Time- 
limit  Test  for  heavy  metals,  nor,  upon  the  subsequent 
addition  of  ammonia  water  in  slight  excess,  to  the  solu- 
tion, should  the  liquid  acquire  more  than  a  faint  tint 
(limit  of  iron). 

Like  test  for  citric  acid  just  given,  except  ammonia  water 
is  omitted. 


Modifications  of  the  Heavy  Metal  Test : 

Lead  and  Copper  sought  in — 

Sodium  Chlorate. — The  aqueous  solution  of  the  salt  (1  in  20),  upon  the  addition 
of  1  Cc.  of  ammonium  sulphide  T.S.,  should  not  develop  a  dark  coloration  (absence 
oilead,  copper,  etc.). 

Arsenic,  Cadmium,  Lead,  and  Copper  sought  in — 

Zinc. — If  1  Gm.  of  Zinc  be  dissolved  in  a  mixture  of  10  Cc.  each  of  nitrohydro- 
chloric  acid  and  water,  the  solution  evaporated  to  dryness,  the  residue  moistened 
with  2  Cc.  of  hydrochloric  acid,  and  again  evaporated,  and  the  final  residue  dis- 
solved in  10  Cc.  of  water,  this  solution  should  not  respond  to  the  Time-limit  Test 
for  arsenic,  cadmium,  lead,  and  copper  (see  p.  979);  in  applying  this  test  the 
addition  of  ammonia  water  should  be  omitted. 

Zinc  Acetate. — Ten  Cc.  of  the  aqueous  solution  of  the  salt  (1  in  20),  to  which 
1  Cc.  of  hydrochloric  acid  has  been  added,  should  not  respond  to  the  Time-limit 
Test  for  ansenic,  cadmium,  lead,  and  copper  (seep.  979);  in  applying  this  test  the 
addition  of  ammonia  water  should  be  omitted. 

Zinc  Bromide. — Like  test  for  zinc  acetate  just  given. 

Precipitated  Zinc  Carbonate. — 1.25  Gm.  salt  is  dissolved  in  10  Cc.  diluted  sulphuric 
acid  and  10  Cc.  water,  the  filtrate,  acidulated  with  hydrochloric  acid,  should  not 
respond  to  the  Time-Limit  Test  for  arsenic,  cadmium,  lead,  and  copper  (see  p.  979); 
in  applying  this  test  the  addition  of  ammonia  water  should  be  omitted. 

Z^'nc  Iodide  —      I  ^^^^  ^^^*  ^^'"  ^^^^  acetate  given  above. 

Zinc  Oxide. — 1  Gm.  salt  digested  with  10  Cc.  diluted  hydrochloric  acid  and 
10  Cc.  water,  and  the  filtrate,  acidulated  with  hydrochloric  acid,  should  not  re- 
spond to  the  test  for  arsenic,  cadmium,  lead,  and  copper  (p.  979),  omitting  am- 
monia water. 

ISc  ^XS^'^^''~  }  ^'^^  *^'*  ^°^  ^^"^  ^^^*^*^  Siven  above. 
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Zinc  Valerate. — 0.5  Gm.  salt  dissolved  in  mixture  of  0.5  Cc.  hydrochloric  acid 
and  9  Cc.  water.  After  filtering  through  a  small  wetted  filter,  the  clear  solution 
should  not  respond  to  the  Time-limit  Test  for  arsenic,  cadmium,  lead,  and  cop- 
per (p.  979);  in  applying  this  test  the  addition  of  ammonia  water  should  be  omitted. 

Lead,  Copper,  and  Iron  sought  in — 

Sodium  Arsenate. — If  to  5  Cc.  of  an  aqueous  solution  (1  in  20)  1  Cc.  of  am- 
monium sulphide  T.S.  be  added,  no  dark  coloration  should  appear  (absence  of 
lead,  copper,  iron,  etc.). 

Arsenic  and  Lead  sought  in — 

Calcium  Chloride. — The  aqueous  solution  of  the  salt  (1  in  20),  slightly  acidulated 
with  hydrocliloric  acid,  should  not  respond  to  the  Time-limit  Test  for  arsenic  or 
lead. 

Ikon  and  Aluminum  sought  in — 

Copper  Sulphate. — If  hydrogen  sulphide  gas  be  passed  through  10  Cc.  of  the 
aqueous  solution  of  the  salt  (1  in  20),  to  which  1  Cc.  of  diluted  hydrochloric  acid  has 
been  added,  until  all  of  the  copper  is  precipitated  as  sulphide,  one-half  of  the 
colorless  filtrate  should  not  be  colored  or  rendered  turbid  upon  the  addition  of 
ammonia  water,  nor  should  the  remaining  portion  of  the  filtrate  yield,  upon  evap- 
oration, a  weighable  residue  (limit  of  iron,  aluminum,  etc.). 

Iron  and  Copper  sought  in — 

Lead  Acetate. — Aqueous  solution  (1  in  10)  gives  pure  white  precipitate  with 
potassium  ferrocyanide  T.S. 

Lead  Nitrate. — Like  test  for  lead  acetate  just  given. 

Zinc  and  Iron  sought  in — 

Lead  Acetate. — If  to  the  aqueous  solution  of  the  salt  (1  in  20)  hydrochloric 
acid  be  added  until  no  further  precipitate  is  produced,  the  remainder  of  the  lead 
removed  from  the  filtrate  by  hydrogen  sulphide,  and  the  liquid  filtered,  a  portion 
of  the  second  filtrate  should  not  be  affected  by  the  addition  of  a  slight  excess  of 
ammonia  water  (absence  of  zinc  and  iron). 

Lead  Nitrate. — Like  test  for  lead  acetate  just  given. 

Free  Alkali  Tests : 

Potassium  Iodide. — If  1  Gm.  of  the  salt  be  dissolved  in  10  Cc.  of  water,  and  0.1 
Cc.  of  tenth-normal  sulphuric  acid  V.S.  be  added,  no  color  should  be  produced  by 
the  subsequent  addition  of  a  drop  of  phenolphthalein  T.S.,  even  after  heating 
(limit  of  alkali). 

Sodium  Iodide. — Like  test  for  potassium  iodide  just  given,  except  amount  of 
water  is  omitted. 

Sodium  Bromide. — Like  test  for  potassium  iodide  just  given,  except  for  use 
of  words  "even  after  boiling." 

Sodium  Hypophosphite. — The  aqueous  solution  (1  in  20)  should  not  be  colored 
red  by  the  addition  of  a  drop  of  phenolphthalein  T.S.  nor  effervesce  on  the  ad- 
dition of  an  acid  (absence  of  caustic  alkali  and  carbonate). 

Sodium  Thiosulphate. — Aqueous  solution  (1  in  20)  not  colored  red  by  drop  of 
phenolphthalein  T.S. 

Lithium  Benzoate. — If  excess  of  hydrochloric  acid  be  added  to  a  concentrated 
aqueous  solution  of  0.6  Gm.  salt,  benzoic  acid  is  precipitated.  If  the  filtrate  and 
washings  from  this  precipitate  be  evaporated  almost  to  dryness  on  a  water-bath, 
in  a  flat-bottomed  flask  of  50-Cc.  capacity,  and  10  Cc.  of  amyl  alcohol  (boiling- 
point  132°  C.)  be  added,  and  the  mixture  cautiously  heated  until  the  lower 
aqueous  layer  has  evaporated,  then,  after  the  addition  of  3  drops  of  hydro- 
chloric acid  and  boiling  for  three  minutes,  the  resulting  insoluble  residue  should 
weigh  not  more  than  0.004  Gm.  (limit  of  other  alkalis).  The  removal  of  the 
water  from  the  amyl  alcohol  mixture  is  facilitated  by  passing  a  current  of  air 
through  the  hot  solution. 
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Lithium  Bromide. — Like  test  for  lithium  benzoate  just  given,  except  0.4  Gm. 
salt  should  yield  not  more  than  0.004  Gm.,  insoluble  in  amyl  alcohol. 

Solution  of  Lime. — See  test  for  carbonates  in  solution  of  lime  (p.  969). 

Precipitated  Zinc  Carbonate. — If  1  Gm.  of  the  salt  be  placed  in  a  flask  with  10 
Cc.  of  boiUng  water,  and  2  drops  of  phenolphthalein  T.S.  added,  not  more  than 
1  Cc.  of  tenth-normal  hydrochloric  acid  V.S.  should  be  required  to  discharge  the 
red  color  (limit  of  alkali). 

Zinc  Oxide. — Like  test  for  precipitated  zinc  carbonate  just  given. 

Thymol  Iodide. — If  0.5  Gm.  be  shaken  with  10  Cc.  of  water,  and  the  mixture 
filtered,  no  blue  color  should  be  imparted  by  the  filtrate  to  red  litmus-paper 
(absence  of  alkalis). 

Non- volatile  Impurity  Tests : 

Diluted  Hydrobromic  Acid. — If  10  Cc.  of  Diluted  Hydrobromic  Acid  be  evap- 
orated to  dryness  and  heated  to  110°  C.  (230°  F.),  no  appreciable  residue  should 
remain  (limit  of  non-volatile  impurities) . 

Hydrochloric  Acid. — Like  test  for  diluted  hydrobromic  acid  just  given,  except  use 
of  words  "evaporated  in  a  platinum  or  porcelain  dish." 

Nitric  Acid. — Like  test  for  diluted  hydrobromic  acid  given  above. 

Sulphuric  Add. — Supersaturated  with  ammonia  water,  it  leaves  no  appreciable 
residue  on  evaporation  and  ignition. 

SYSTEMATIC  CHEMICAL  ANALYSIS 

The  pharmacopoeial  tests  given  on  preceding  pages,  while  im- 
portant and  valuable,  give  us  information  that  is  somewhat  disjointed. 

If  we  suspect  that  a  liquid  contains  zinc,  we  may  try  the  tests  for 
zinc  given  on  p,  969;  but  suppose  the  liquid  contains  magnesium 
and  iron  as  well  as  zinc,  how  would  we  then  proceed?  Or  suppose 
we  had  no  idea  what  metals  the  solution  contains,  how  would  we  begin? 

In  analytic  chemistry,  as  in  everything  else  in  science,  system  is 
the  secret  of  success,  and  it  is  to  systematic  analysis  to  which  we  now 
must  refer.  This  is  performed  by  separating  the  several  elements 
in  a  solution  into  groups  by  the  use  of  certain  chemicals  which  we  call 
"group  reagents."     The  important  group  reagents  are: 

First,  hydrochloric  acid  (HCl);  second,  hydrogen  sulphide  (HjS); 
third,  ammonium  sulphide  (NH^HS);  fourth,  ammonium  carbonate, 
(NHJ2CO3;  applying  them  one  after  another  to  the  solution  under 
examination. 

Now,  suppose  we  have  a  solution  containing  all  the  elements  used 
in  pharmacy,  we  would  take  the  solution  and  add 

Hydrochloric  acid,  when  there  would  be  precipitated  out  Hg 
(ous),  Pb,  and  Ag  as  insoluble  chlorides.  The  liquid  is  separated  from 
the  precipitate  by  filtration,  and  through  the  filtrate  we  would  pass 

Hydrogen  sulphide  (gas),  when  we  would  get  a  precipitate  of: 
(a)  Cd,  Cu,  Hg  (ic),  Pb,  Bi.  (6)  As,  Sb,  and  Sn  as  insoluble  sulphides. 
The  precipitate  can  be  separated  into  groups  "a,"  and  "b"  by  digestion 
in  NH4HS,  in  which  group  "b"  dissolves,  leaving  group  "a"  behind. 
In  the  meanwhile  the  filtrate  from  the  H2S  precipitate  is  treated  with 
NH.Cl,  NHjOH,  and 

Ammonium  sulphide,  which  precipitates  from  it  (a)  Fe,  Al,  Cr;  (b) 
Zn,  Mn,  Co,  and  Ni.  All  save  those  in  italics  as  sulphides.  The  itali- 
cized as  hydrates. 

Group  "a"  of  this  precipitate,  when  dissolved  in  hydrochloric  and 
nitric  acid,  is  precipitated  by  ammonia  water.     Group  "b,"  under 
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same  treatment,  is  not.  By  this  method  the  two  groups  are  separated. 
The  filtrate  from  the  NH^HS  precipitate  is  now  treated  with 

Ammonium  carbonate,  when  down  comes  Ba,  Sr,  and  Ca,  as  insoluble 
carbonates.     To  the  filtrate  from  this  precipitate  is  added 

Ammonium  phosphate,  when  there  is  precipitated  Mg  as  phosphate. 
The  filtrate  will  now  hold  only  Li,  Na,  K,  and  NH^,  and  this  is  con- 
sidered the  last  group. 

By  this  method  we  have  separated  the  metals  into  seven  groups, 
as  follows: 

I.  Li    K     Na    NH. 

II.  Mg  Ca    Sr     Ba 

III.  Zn  Mn  Co    Ni 

IV.  Al    Fe    and  Cr 
V.  As   Sb    Sn 

VI.     Cd    Cu   Hg  (ic)  Bi 
VII.     Hg  (ous)  Pb  and  Ag. 

Only  the  symbols  are  given  above,  as  it  is  expected  that  the  pre- 
ceding chapters  of  this  book  have  been  read  and  mastered. 

Some  books  on  analytic  chemistry  number  these  groups  differently, 
beginning  with  Hg  (ous)  and  Ag  as  first  group,  but  this  is  of  small 
importance,  the  main  point  being  the  separation  of  the  twenty-four 
metals  into  seven  simple  groups,  from  which,  in  turn,  the  metals  them- 
selves can  be  separated  without  great  difficulty.  How  this  separation 
of  the  small  groups  is  carried  on  is  beyond  the  scope  of  this  book, 
and  the  reader  is  referred  to  one  of  the  books  on  analytic  chemistry 
mentioned  in  Preface. 

A  summary  of  the  more  important  individual  tests  may  be  useful. 

The  following  metals  give  characteristic  color  with  borax  bead: 

Manganese Amethyst. 

Cobalt Blue. 

Copper Green. 

Iron Red. 

The  following  flame  tests  are  characteristic:         , 

Strontium  and  lithium Crimson. 

Calcium Red-yellow. 

Copper Blue-green. 

Potassium Violet. 

Sodium Yellow. 

Boric  acid  and  alcohol Green. 

The  following  hydrogen  sulphide  precipitates  are  characteristic: 

White Zinc  (from  alkaline  solution). 

Flesh  color Manganese  (from  alkaline  solution). 

Yellow Arsenic  and  tin  (from  acid  solution). 

Orange Antimony  (from  acid  solution). 

Blacks Mercury,  copper,  lead  (from  acid  solution). 

The  other  elements  will  not  precipitate  with  HjS. 

The  following  special  tests  are  characteristic: 
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Substance. 
Acids  and  their  salts. 
H,SO,. 
HCl. 
HBr. 
Phosphoric  acid. 

Carbonic  acid. 
Nitric  acid. 

Thiosulphuric  acid. 

Sulphurous  acid. 
Tartaric  acid. 
Acetic  acid. 

Metallic  Salts. 
Zinc. 
Calcium. 
Magnesium. 
Iron  (ic). 
Iron  (ous). 
Silver. 
Aluminum. 


Reagent. 

Barium  chloride. 
Silver  nitrate. 
Silver  nitrate. 
Magnesium  sulphate. 

Lime  water. 

Green  FeSO^  solution. 

Sulphuric  acid. 

Sulphuric  acid. 
Silver  nitrate. 
H2SO4  and  alcohol. 


Reaction. 

White  precipitate. 

White  precipitate. 

Yellow  precipitate. 

White  crystalline  precipi- 
tate. 

White  precipitate. 

Changed  to  red  or  black 
FeaCSOJs  solution. 

Vapors   of   SO2   and   pre- 
cipitate of  sulphur. 

Vapors  of  SOj. 

Mirror  of  metallic  silver. 

Odor  of  acetic  ether. 


White  precipitate. 
White  precipitate. 
White  precipitate. 
Blue  precipitate. 
Blue  precipitate. 
White  precipitate. 
White  gelatinous    precipi- 
tate. 
Lead.  Potassium  chromate.  Yellow  precipitate. 

Antlmonv  ( "^^^^  ^^  Marsh's,  Fleitmann's,  or  Gutzeit's  test,  as  explained  on  p.  573. 


Hydrogen  sulphide. 
Ammonium  oxalate. 
Sodium  phosphate. 
Potassium  ferrocyanide. 
Potassium  ferricyanide. 
Sodium  chloride. 
Solution  of  soda. 

Potassium  chromate. 


Tests  for  organic  chemicals  are  too  numerous  and  varied  to  admit 
of  a  tabulated  statement;  hence  the  reader  is  referred  to  the  pharma- 
copcfiial  tests  for  such  substances,  found  scattered  through  Part  IV. 


CHAPTER    LIV 
QUANTITATIVE  ANALYSIS 

INORGANIC  VOLUMETRIC  ANALYSIS 

As  mentioned  on  p.  944,  we  are  able  to  examine  chemicals  not 
merely  as  to  ingredients,  but  also  can  ascertain  the  quantity  of  each 
ingredient.  The  latter  work  is  the  object  of  quantitative  analysis. 
The  three  methods  of  quantitative  analysis  usually  employed  are 
volumetric  analysis,  gravimetric  analysis,  and  gasometric  analysis. 

VOLUMETRIC  ANALYSIS 

is  the  most  largely  employed  process  of  quantitative  analysis  as  far  as 
pharmacy  is  concerned;  the  pharmacopoeia  directing  this  method  in 
the  estimation  of  the  strength  of  drugs  whenever  possible.  The  vol- 
umetric processes  of  the  pharmacopoeia,  with  but  two  exceptions  (the 
use  of  Fehling's  solution  and  the  use  of  Koppeschaar's  solution,  p. 
1047),  fall  into  four  groups: 

I.  Acidimetry  or  alkalimetry. 

II.  The  use  of  iodine  volumetric  solution  or  its  complement, 
sodium  thiosulphate  volumetric  solution. 
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III.  Oxidation  with  potassium  permanganate  volumetric  solution 
or  with  potassium  dichromate  volumetric  solution. 

IV.  The  use  of  silver  nitrate  volumetric  solution  or  its  comple- 
ments, potassium  sulphocyanate  volumetric  solution  and  sodium 
chloride  volumetric  solution. 

Before  discussing  these  several  groups  of  volumetric  analysis  it  is 
advisable  to  quote  what  the  pharmacopoeia  says  about  volumetric 
solutions,  with  special  emphasis  laid  on  the  explanation  of  normal 
solutions,  decinormal  solutions,  and  centinormal  solutions. 

VOLUMETRIC  SOLUTIONS 

Note. — It  is  absolutely  necessary  that  the  measuring  vessels  employed  in  the 
operations  of  volumetric  analysis,  consisting  of  burettes,  flasks,  mixing  cylinders, 
pipettes,  etc.,  should  agree  among  themselves  accurately  in  their  graduation  at  the 
standard  temperature  selected.  It  is  immaterial  what  standard  temperature  has 
been  selected  for  the  graduation  of  the  vessels. 

AU  volumetric  solutions  must  be  prepared  at  the  standard  temperature  of  25°  C. 
(77°  F.),  and  the  solutions  must  be  used  in  the  titrations  at  a  temperature  not  below 
21°  C.  (69.8°  F.),  nor  above  29°  C.  (84.2°  F.). 

All  bottles  in  which  volumetric  solutions  are  to  be  kept,  as  well  as  the  burettes 
or  pipettes  in  which  they  are  to  be  measured,  should,  prior  to  use,  be  thoroughly 
rinsed  with  distilled  water,  then  with  two  or  three  small  portions  of  the  solution  that 
they  are  to  contain.  When  not  in  use,  burettes  should  be  kept  filled  with  distilled 
water. 

Normal  volumetric  solutions  (--)  ^^^  those  which  contain  in  one  liter,  in  any 

stated  reaction,  the  chemical  equivalent  of  one  gramme  of  hydrogen.  If  the  molecule 
of  the  reagent  is  univalent,  one  liter  will  contain  the  weight  in  grammes  equal  to  the 
molecular  weight  of  the  reagent;  if  bivalent,  a  weight  in  grammes  equal  to  one-half 
its  molecular  weight;  if  trivalent,  a  weight  in  grammes  equal  to  one-third  its  molec- 
ular weight. 

Thus,  hydrochloric  acid,  HC1  =  36.18,  having  but  one  H  atom  replaceable  by  a 
basic  element,  has  36.18  Gm.  of  absolute  HCl  in  1000  Cc.  of  the  normal  volumetric 
solution;  while  sulphuric  acid,  H2S04  =  97.35,  having  two  replaceable  H  atoms,  con- 
tains only  one-half  this  number,  or  48.675  grammes  of  absolute  HjS04  in  1000  Cc. 
of  its  normal  solution.  Potassium  hydroxide,  KOH  =  55.74,  has  but  one  K  to  replace 
one  H  in  acids,  hence  its  normal  solution  contains  55.74  grammes  of  pure  KOH  in 
one  liter.  Again,  one  molecule  of  potassium  dichromate  in  oxidation  liberates  three 
atoms  of  oxygen,  which  are  capable  of  oxidizing  six  atoms  of  ferrous  to  ferric  iron. 
Therefore,  each  molecule  of  the  dichromate,  yielding  three  atoms  of  oxygen,  is  equiva- 
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lent  to  six  atoms  of  hydrogen.     Hence,  thejaormal  solution  should  contain  — r —  or 

48.713  Gm.  in  1000  Cc.  Two  molecules  of  potassium  permanganate,  2KMn04  = 
313.96,  in  oxidation,  give  off  five  atoms  of  O,  which  are  equivalent  to  ten  atoms  of  H; 

hence  its  normal  solution  should  contain   ■    ' -,  or  31.396  Gm.  in  1000  Cc. 

Solutions  containing  in  1000  Cc.  one-tenth  of  the  quantity  of  the  active  reagent 

in  the  normal  solution  are  called  tenth-normal  (t^)  ;  those  containing  one-hundredth, 

hundredth-normal  (tt^);  one-fiftieth,  fiftieth-normal  (^);  those  containing  twice 

the  amount,  double-normal  (~[)',  half  the  amount,  half-normal  (-). 

Solutions  containing  quantities  of  the  active  reagent  having  no  simple  relation 
to  the  molecular  weight  are  called  empirical. 

In  the  majority  of  the  assays  it  has  been  directed  that  an  integral  quantity 
(1,  2,  5,  or  10  Gm.)  of  the  substance  which  is  to  be  tested  be  weighed,  dissolved  in 
water,  and  made  up  to  a  definite  volume,  then  an  aliquot  portion  (representing  the 
fractional  weight  of  the  substance  required)  is  measured  off  for  titration.  Fractional 
parts  of  a  Cc.  may  be  measured  by  means  of  a  1  Cc.  pipette  graduated  in  one-tenth 
or  one-twentieth  divisions. 

Acidimetry  and  Alkalimetry. — This  group  includes  the  estimation 
of  alkalis  by  use  of  a  volumetric  solution  of  an  acid  or  the  estimation 
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of  acids  by  the  use  of  a  volumetric  solution  of  an  alkali.  The  process 
can  be  best  illustated  by  a  typical  example.  Taking  the  pharmaco- 
poeial  estimation  of  potassium  hydroxide,  for  instance,  we  find  (p.  998) 
that  it  is  accomplished  by  use  of  normal  volumetric  solution  of  sulphuric 
acid,  and  the  theory  of  this  kind  of  estimation  is  that  sufficient  of 
the  acid  solution  is  added  to  make  the  product  exactly  neutral — 
to  make  pure  potassium  sulphate.  To  know  when  this  neutrality 
is  reached,  we  use  some  substance  which  by  change  of  color  will  show 
whether  the  liquid  is  acid  or  alkaline.  Litmus  can  be  used  for  this 
purpose,  for  we  learned  long  since  that  litmus  turns  red  with  acids  and 
blue  with  alkalis.  But  litmus  is  not  exact  enough.  We  need  some 
substances  which  will  change  their  tint  when  there  is  but  a  fraction  of 
1  per  cent,  of  free  acid  or  free  alkali  present.  Such  a  coloring-matter 
is  called  an  indicator,  and  chief  among  those  used  in  this  class  of  volu- 
metric analysis  are  the  following: 

Phenolphthalein,  red  with  alkalis,  colorless  with  acids. 
Methyl  orange,  yellow  with  alkalis,  red  with  acids. 
Hematoxylin,  violet  with  alkalis,  yellow  with  acids, 
lodeosin,  pink  with  alkalis,  colorless  with  acids. 

Turning  to  the  process,  suppose  we  combine  potassium  hydroxide 
with  sulphuric  acid  to  a  neutral  salt.  Absolutely  pure  potassium  hy- 
droxide is  KOH;  molecular  weight,  55.74.  Absolutely  pure  sulphuric 
acid  is  H2SO4;  molecular  weight,  97.35.  The  molecular  we-ghts  just 
given  are  estimated  from  the  "exact"  atomic  weights  given  by  the 
pharmacopoeia  and  not  from  the  "round  number"  atomic  weights 
found  in  elemental  table  on  p.  367. 

The  reaction  between  potassium  hydroxide  and  sulphuric  acid  can 
be  expressed  by  the  following  equation: 


2K0H     +     H,SO,     = 

=     K,SO, 

+     2H,0. 

2X55.74             97.35 

173.07 

2X17.88 

or  111.48 

35.76 

We  see  from  the  equation  that  absolute  potassium  hydroxide  com- 
bines with  absolute  sulphuric  acid  in  the  proportion  of  111.48  Gm.  of 
the  hydroxide  to  97.35  Gm.  of  the  acid,  and  were  we  to  prepare  solutions 
of  these  two  bodies  of  such  strength  that  equal  volumes  of  the  two 
solutions  would  exactly  neutralize  each  other,  the  solutions  would  have 
to  be  prepared  to  the  ratio  of  111.48  to  97.35. 

To  make  it  plainer:  were  we  to  prepare  a  liter  of  solution  containing 
exactly  111.48  Gm.  absolute  potassium  hydroxide,  a  liter  of  solution 
of  sulphuric  acid  to  neutralize  it  would  have  to  hold  97.35  Gm.  of 
absolute  acid ;  or  if  we  prepared  a  solution  of  potassium  hydroxide  con- 
taining in  one  liter  55.74  Gm.  of  absolute  hydroxide  (^  of  111.48),  then  a 
liter  of  solution  of  sulphuric  acid  that  would  neutralize  the  hydroxide 
must  contain  one-half  of  97.35  or  48.675  Gm.  of  absolute  sulphuric 
acid,  and  such  is  the  strength  of  normal  sulphuric  acid,  as  reference  to 
p.  990  will  show.  The  foundation  to  acidimetric  work  is  the  strength 
of  normal  potassium  hydroxide  solution  and  normal  sodium  hydroxide 
solution,  each  of  which  represents  in  each  liter  of  solution  the  number 
of  grammes  of  absolute  sodium  hydroxide  equal  to  the  molecular 
weight  of  the  substance  employed.     Thus,   normal  potassium   hy- 
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droxide  solution  contains  55.74  Gm.  of  hydroxide  to  the  liter,  and 
normal  sodium  hydroxide  contains  39.76  Gm.  of  hydroxide  to  the 
liter.  On  the  other  hand,  the  dibasic  acids — sulphuric  acid  and  oxalic 
acid — are  made  into  normal  volumetric  solutions  by  using  to  a  liter 
of  solution,  the  number  of  grammes  of  acid  ■  corresponding  to  half 
the  molecular  weight,  since  it  takes  only  half  a  molecule  (if  the  phrase 
is  permissible)  of  either  of  these  acids  to  neutralize  one  molecule 
of  either  of  the  two  alkalis. 

The  use  of  a  volumetric  solution  in  testing  is  simple.  The  volu- 
metric solution  is  poured  into  a  graduated  tube  called  a  burette 
(see  Fig.  230,  p.  945),  while  the  substance  to  be  examined,  after  careful 
weighing,  is  dissolved  and  so  placed  that  the  contents  of  the  burette 
can  be  gradually  run  into  it.  The  indicator — usually  phenolphthalein 
— is  poured  into  the  matter  to  be  examined.  Let  us  suppose  this 
substance  is  an  alkali:  then  the  solution  will  be  colored  purple  red. 
Into  this  the  volumetric  solution  is  added  gradually  and  stopped  the 
moment  that  a  drop  of  the  reagent  discharges  the  color  of  the  solu- 
tion, which  will  mean  that  the  solution  is  no  longer  alkaline.  Then  a 
simple  reckoning — amount  of  volumetric  solution  in  burette  before, 
minus  amount  after,  dropping  into  tested  solution,  will  give  us  the 
number  of  cubic  centimeters  of  volumetric  solution  used  in  neutral- 
izing the  tested  substance,  and  from  these  figures  we  can,  by  aid  of 
the  pharmacopoeia,  estimate  strength  of  the  tested  substance. 

Applying  these  directions  to  the  estimation  of  potassium  hydroxide, 
suppose  we  weigli  out  1  Gm.  of  the  chemical,  dissolve  it  in  water,  and 
titrate  it;  treat  it  with  normal  sulphuric  acid  V.S.  (V.S.  meaning 
volumetric  solution).  We  find  the  gramme  of  potassium  hydroxide 
takes  16  Cc.  normal  sulphuric  acid  (abbreviated  nHjSO^)  to  neutralize 
it.     From  the  equation — 

2K0H     +     H^SO,     =     K3SO,     +     2H,0 
111.48  97.35  173.07  35.75, 

we  see  that  97.35  Gm.  absolute  H2S04  =  111.48  Gm.  absolute  KOH. 
We  have  learned  that  a  liter  of  nH2S04  =  ^  Gm.,  or  48.67  Gm. 
absolute  H^SO^.  Since  48.67  Gm.  absolute  H2S04=  ^^  Gm.,  or 
55.74  Gm.  absolute  KOH,  we  find  that 

1000  Cc.  nH2S04  =  55.74  Gm.  absolute  KOH. 

1  Cc.  nH2S04  =  0.05574  Gm.  absolute  KOH. 

Hence  16  Cc.  nH2S04  =  16x0.05574  Gm.  absolute  KOH. 

0.89224  Gm.  absolute  KOH. 

Hence  1  Gm.  potassium  hydroxide  we  examined  contained  0.89224 
Gm.  absolute  KOH,  and  was  therefore  89  per  cent,  absolute. 

Reference  to  p.  990  will  show  that  the  factor  "1  Cc.  nH2S04  = 
0.05574  Gm.  absolute  KOH"  is  found  under  the  table  of  values  of  1  Cc. 
normal  sulphuric  acid  V.S.,  and  it  need  here  be  said  that  each  particular 
value  of  1  Cc.  normal  acid  found  therein  has  been  worked  out  by  process 
of  reasoning  just  given.  The  same  obtains  with  the  equivalent  tables 
found  under  the  several  volumetric  solutions,  and  incidentally  it  might 
be  noted  that  one  cubic  centimeter  of  a  normal  acid  or  of  normal 
alkali  is  represented  as  the  same  number  of  milligrammes  of  the  sub- 
stance tested  as  the  molecular  weight  of  the  substance  if  it  be  mono- 


990  PRINCIPLES  OF  PHARMACY 

basic  or  monacid,  half  the  molecular  weight  if  it  be  dibasic  or  diacid, 
one-third  the  molecular  weight  if  it  be  tribasic  or  triacid.  The  fol- 
lowing volumetric  solutions  are  used  in  acidimetry  and  alkalimetry: 

NORMAL  SULPHURIC  ACID  VOLUMETRIC  SOLUTION 
H2S04  =  97.35.  48.675  Gm.  in  1000  Cc. 

Carefully  mix  30  Cc.  of  pure,  concentrated  sulphuric  acid  of  specific  gravity 
1.826  at  25°  C.  (77°  F.)  with  sufficient  water  to  measure  about  1050  Cc,  and  allow  the 
liquid  to  cool  to  25°  C.  (77°  F.).  Measure  from  a  burette  10  Cc.  of  this  hquid  (which 
is  yet  too  concentrated)  into  a  flask,  add  2  drops  of  methyl-orange  T.S.,  and  after- 
ward, from  a  burette,  a  freshly  standardized  normal  potassium  hydroxide  V.S., 
shaking  after  each  addition,  and,  toward  the  end  of  the  operation,  reducing  the  flow 
to  drops,  until  the  red  tint  of  the  solution  changes  to  a  permanent  pale  yellow  after 
thorough  shaking.  Note  the  number  of  Cc.  of  normal  potassium  hydroxide  V.S. 
consumed.  Then  dilute  the  sulphuric  acid  solution  so  that  equal  volumes  of  this  and 
of  normal  potassium  hydroxide  V.S.,  at  25°  C.  (77°  F.),  exactly  neutralize  each  other. 

Example. — Assuming  that  10  Cc.  of  the  acid  solution  first  prepared  had  re- 
quired exactly  11.2  Cc.  of  normal  potassium  hydroxide  V.S.,  each  10  Cc.  of  the  former 
must  be  diluted  to  11.2  Cc,  or  each  1000  Cc.  to  1120  Cc 

After  the  liquid  is  thus  diluted,  a  new  trial  should  be  made  in  the  manner  above 
described,  in  which  50  Cc.  of  the  acid  solution  should  require  for  neutralization  ex- 
actly 50  Cc  of  normal  potassium  hydroxide  V.S.,  at  25°  C.  (77°  F.).  If  necessary, 
a  new  adjustment  should  be  made  to  render  the  correspondence  perfect. 

One  Cubic  Centimeter  of  Normal  Sulphuric  Acid  V.S.  is  the  equivalent  of: 

Gramme. 

Sulphuric  Acid,  absolute,  HjSO^ 0.048675 

Ammonia  Gas,  NH3 0.01693 

Ammonium  Carbonate,  (NHJ2CO3 0.047705 

Ammonium  Carbonate  [U.  S.  P.],  NH.HCOa.NH.NHjCOj 0.052003 

Calcium  Hydroxide,  Ca(0H)2 0.03678 

Lead  Acetate,  crystaUized,  Pb(C2H302)2  +  3H20 0.188075 

Lead  Subacetate,  assumed  as  Pb20(C2JH302)2 0.135935 

Lithium  Carbonate,  Li2C03 0.036755 

Magnesium  Carbonate,  (MgC03),Mg(OH)2  +  5H20 0.048226 

Magnesium  Oxide,  MgO 0.02003 

Potassium  Acetate,  KC2H3O,  (after  ignition) 0.09744 

Potassium  Bicarbonate,  KHCO3 0.09941 

Potassium  Bitartrate,  KHC^H^Og  (after  ignition) 0.18678 

Potassium  Carbonate,  anhydrous,  K2CO3 0.068635 

Potassium  Citrate,  cryst.,  K3C8H5O7  +  H2O  (after  ignition) 0.10736 

Potassium  Hydroxide,  KOH 0.05574 

Potassium  and  Sodium  Tartrate,  KNaC^H^On  +  4H2O  (after  ignition).  .  0.14009 

Sodium  Acetate,  NaC2H302  +  3H2O  (after  ignition) 0.13510 

Sodium  Benzoate,  NaC7H502  (after  ignition) 0.14301 

Sodium  Bicarbonate,  NaHC03 0.08343 

Sodium  Borate,  crystallized,  NajB.O,  +  lOHjO 0.18966 

Sodium  Hydroxide,  NaOH 0.03976 

Sodium  Salicylate,  NaCYHjOa  (after  ignition) 0.15889 

Zinc  Oxide,  ZnO 0.04039 

HALF-NORMAL  SULPHURIC  ACID  VOLUMETRIC  SOLUTION 
H2S0,  =  97.35.  24.3375  Gm.  in  1000  Cc. 

Dilute  500  Cc.  of  normal  sulphuric  acid  with  sufficient  water  to  measure  1000  Cc 
at  25°  C.  (77°  F.). 

This  standard  solution  is  chiefly  employed  in  the  titration  of  the  organic  salts 
of  sodium  and  potassium  in  conjunction  with  methyl-orange  as  indicator.  For  this 
purpose  a  special  experiment  should  be  made  in  which  an  accurately  measured  vol- 
ume of  10  Cc  of  normal  potassium  hydroxide  V.S.  should,  after  adding  2  drops  of 
methyl-orange  T.S.,  require  exactly  20  Cc.  of  the  half-normal  sulphuric  acid  V.S. 
for  neutralization. 

If  necessary,  an  adjustment  should  be  made  to  render  the  correspondence  perfect. 
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TENTH-NORMAL  SULPHURIC  ACID  VOLUMETRIC  SOLUTION 
HjSO«  =  97.35.  4.8675  Gm.  in  1000  Cc. 

Dilute  100  Cc.  of  normal  sulphuric  acid  with  sufficient  water  to  measure  1000  Cc. 
at  25°  C.  (77°  F.). 

This  standard  solution  is  employed  in  conjunction  with  the  fiftieth-normal 
potassium  hydroxide  V.S.  in  the  titration  of  alkaloids,  with  hematoxylin,  cochineal, 
or  iodeosin  T.S.  as  an  indicator.  For  this  purpose  a  special  experiment  should  be 
made,  in  which  an  accurately  measured  volume  of  10  Cc.  of  the  tenth-normal  sul- 
phuric acid,  after  adding  1  Cc.  of  hematoxylin  T.S.  (or  a  sufficient  quantity  of  the 
indicator  to  be  employed),  should  require  50  Cc.  of  the  fiftieth-normal  potassium 
hydroxide  V.S.  for  complete  neutraUzation  at  25°  C.  (77°  F.).  If  necessary,  an 
adjustment  should  be  made  to  render  the  correspondence  perfect. 

One  Cubic  Centimeter  of  Tenth-Normal  Sulphuric  Acid  V.S.  is  the  equivalent  of: 

Gramme. 

Sulphuric  Acid,  absolute,  HjSO« 0.0048675 

Potassium  Hydroxide,  KOH 0.005574 

Aconitine,  Cs^H.^NOn 0.06406 

Atropine,  C17H23NO3 0.02870 

Brucine,  C^jH^^NA 0.03913 

Calcium  Hydroxide,  Ca(0H)2 0.003678 

Cephaeline,  ChHi^NOj 0.02314 

Cirichonidine,  Ci^Hj^N^O 0.02920 

Cinchonine,  C,9H23N20 0.02920 

Combined  Alkaloids  of  Cinchona 0.03069 

Combined  Alkaloids  of  Ipecac 0.02384 

Cocaine,  C„H^,NO, 0.03009 

Coniine,  C«H„N 0.01262 

Emetine,  Ci^H^iNOj 0.02453 

Hydrastine,  Cj^H^iNOe 0.03803 

Morphine,  crystallized,  CnHj^NOs  +  H^O 0.03009 

Morphine,  anhydrous,  C^Hi^NO, 0.02830 

Physostigmine,  Ci.H.iNjOa 0.02732 

Pilocarpine,  C„H„NA 0.02066 

Quinine,  C^H,,NA 0.03218 

Strychnine,  C,iH,,NA 0.03317 

FIFTIETH-NORMAL  SULPHURIC  ACID  VOLUMETRIC  SOLUTION 

H2S0,  =  97.35.  0.9735  Gm.  in  1000  Cc. 

Dilute  20  Cc.  of  normal  sulphuric  acid  V.S.,  or  200  Cc.  of  tenth-normal  sulphuric 
acid  V.S.,  with  sufficient  distilled  water  to  measure  at  25°  C.  (77°  F.)  1000  Cc. 
This  standard  solution  may  be  employed  in  the  titration  of  alkaloids,  with  hema- 
toxylin, cochineal,  or  iodeosin  T.S.  as  an  indicator. 

TENTH-NORMAL  OXALIC  ACID  VOLUMETRIC  SOLUTION 
HAO4  +  2H2O  =  125. 10.  6.255  Gm.  in  1000  Cc. 

Dissolve  6.4  Gm.  of  pure  oxalic  acid  in  sufficient  water  to  measure  1000  Cc. 

Into  a  flask,  accurately  measure,  from  a  burette,  10  Cc.  of  a  freshly  standardized 
tenth-normal  potassium  hydroxide  V.S.,  dilute  with  about  20  Cc.  of  water,  add  3  to  5 
drops  of  phenolphthalein  T.S.,  and  heat  to  boiling.  From  a  burette  gradually  add 
the  oxalic  acid  solution  (which  is  still  too  concentrated)  until  the  red  tint  of  the  alkali 
solution  fails  to  reappear  after  vigorous  shaking  and  boiling.  Note  the  number  of 
Cc.  of  the  oxalic  acid  solution  consumed,  and  then  dilute  it  so  that  equal  volumes  of 
this  and  of  the  tenth-normal  potassium  hydroxide  V.S.  neutralize  each  other  at  25  C. 
(77°  F.).     It  deteriorates  on  standing. 

Example.— Assuming  that  the  10  Cc.  of  the  tenth-normal  potassium  hydroxide 
V.S.  required  exactly  9.5  Cc.  of  the  oxahc  acid  solution,  then  each  9.5  Cc.  of  the  latter 
must  be  diluted  to  10  Cc,  or  the  whole  of  the  remaining  acid  solution  in  the  same  pro- 
portion at  25°  C.  (77°  F.).  Thus,  if  950  Cc.  of  the  oxahc  acid  solution  should  remain, 
50  Cc.  of  water  must  be  added. 

After  the  liquid  is  thus  diluted,  a  new  trial  should  be  made  in  the  manner  above 
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described,  in  which  50  Co.  of  tenth-normal  potassium  hydroxide  V.S.  should  require 
for  neutralization  exactly  50  Cc.  of  the  oxalic  acid  solution  at  25°  C.  (77°  F.).  If 
necessary,  a  new  adjustment  should  then  be  made  to  render  the  correspondence  per- 
fect. 

Note. — Tenth-normal  oxalic  acid  V.S.  is  in  every  respect  equivalent  in  neutraliz- 
ing power  to  any  other  tenth-normal  acid  V.S.  with  either  litmus  or  phenolphthalein 
T.S.  as  indicator.  Its  most  important  use  is  in  standardizing  tenth-normal  potas- 
sium permanganate  V.S. 

One  Cvinc  Centimeter  of  Tenth-Normal  Oxalic  Acid  V.S.  is  the  equivalent  of: 

Gramme. 

Oxalic  Acid,  crystalUzed,  HjCA  +  SH^O 0.006255 

Ammonia  Gas,  NH3 0.001693 

Calcium  Hydroxide,  CaCOH)^ 0.003678 

Lead  Subacetate,  Pb20(C2H302)2 0.0135935 

Manganese  Dioxide,  precipitated,  MnOj 0.004318 

Potassium  Hydroxide,  KOH 0.005574 

Potassium  Permanganate,  KMnO^ 0.0031396 

Sodium  Hydroxide,  NaOH 0.003976 

NORMAL  HYDROCHLORIC  ACID  VOLUMETRIC  SOLUTION 
HC1  =  36.18.  36.18  Gm.  in  1000  Cc. 

Mix  130  Cc.  of  hydrochloric  acid  of  specific  gravity  1.158  with  sufficient  water 
to  measure  1000  Cc. 

Of  this  liquid  (which  is  still  too  concentrated)  carefully  measure,  from  a  burette, 
10  Cc.  into  a  flask  or  porcelain  dish,  and  after  diluting  with  about  double  its  volume 
of  water,  add  2  drops  of  methyl-orange  T.S.,  then  gradually  add,  from  a  burette, 
a  freshly  standardized  normal  potassium  hydroxide  V.S.,  until  the  red  tint  of  the  solu- 
tion changes,  after  vigorous  shaking,  to  a  permanent  pale  yellow.  Note  the  number 
of  Cc.  of  potassium  hydroxide  V.S.  consumed,  and  then  dilute  the  acid  solution  so 
that  equal  volumes  of  this  and  of  the  normal  potassium  hydroxide  V.S.  neutralize 
each  other  at  25°  C.  (77°  F.). 

Example. — Assuming  that  10  Cc.  of  the  acid  solution  first  prepared  required 
exactly  11  Cc.  of  normal  potassium  hydroxide  V.S.,  each  10  Cc.  of  the  former  must  be 
diluted  to  11  Cc,  or  the  whole  of  the  remaining  acid  solution  in  the  same  proportion 
at  25°  C.  (77°  F.).     Thus,  if  950  Cc.  should  remain,  95  Cc.  of  water  must  be  added. 

After  the  hquid  is  thus  diluted,  a  new  trial  should  be  made  in  the  manner  above 
described,  in  which  50  Cc.  of  the  acid  solution  should  require  for  neutralization  ex- 
actly 50  Cc.  of  normal  potassium  hydroxide  V.S.  If  necessary,  a  new  adjustment 
should  then  be  made  to  render  the  correspondence  perfect  at  25°  C.  (77°  F.). 

One  Cubic  Centimeter  of  Normal  Hydrochloric  Add  V.S.  is  the  equivalent  of: 

Gramme. 

Hydrochloric  Acid,  absolute,  HCl " 0.03618 

Note. — Normal  hydrochloric  acid  is  in  every  respect  equivalent  in  neutralizing 
power  to  normal  sulphuric  acid  (see  p.  990),  and  may  be  employed,  except  in  special 
cases,  for  the  same  purposes.  However,  preference  is  generally  given  to  the  normal 
sulphuric  acid  V.S. 

HALF-NORMAL  HYDROCHLORIC  ACID  VOLUMETRIC  SOLUTION 

HCl  =  36. 18.  18.09  Gm.  in  1000  Cc. 

Dilute  500  Cc.  of  normal  hydrochloric  acid  V.S.  with  sufficient  distilled  water  to 
measure  exactly  1000  Cc.  at  25°  C.  (77°  F.). 

One  Cubic  Centimeter  of  Half-Normal  Hydrochloric  Add  V.S.  is  the  equivalent  of: 

Gramme. 

Hydrochloric  Acid,  absolute,  HCl 0.01809 

Benzaldehyde,  C^HeO 0.0526 

Cinnamic  Aldehyde,  CsHgO 0.0333 

Citral,  CioHigO 0.03802 
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NORMAL  POTASSIUM  HYDROXIDE  VOLUMETRIC  SOLUTION 

KOH  =  55.74.  55.74  Gm.  in  1000  Cc. 

Dissolve  75  Gm.  of  potassium  hydroxide  [Potassii  Hydroxidum,  U.  S.  P.]  in 
suificient  water  to  measure  about  1050  Cc,  and  fill  a  burette  with  a  portion  of  this 
liquid. 

Into  a  flask  of  the  capacity  of  about  300  Cc,  introduce  9.339  Gm.  of  potassium 
bitartrate,  which  has  been  purified  and  dried,  and  160  Cc.  of  distilled  water.  Boil 
the  liquid  until  solution  has  taken  place,  add  from  3  to  5  drops  of  phenolphthalein 
T.S.,  followed  by  the  cautious  addition,  from  a  burette,  of  the  potassium  hydroxide 
solution,  frequently  agitating  the  flask,  boiling,  and,  toward  the  end  of  the  operation, 
reducing  the  flow  to  drops  until  the  red  color  produced  by  its  influx  no  longer  disap- 
pears on  shaking,  but  is  not  deeper  than  pale  pink.  Note  the  number  of  Cc  of  the 
potassium  hydroxide  solution  consumed,  and  then  dilute  the  remainder  of  the  solu- 
tion so  that  exactly  50  Cc  of  the  diluted  liquid  at  25°  C.  (77°  F.)  shall  be  required 
to  neutralize  the  9.339  Gm.  of  potassium  bitartrate  used. 

Example. — Assuming  that  40  Cc.  of  the  stronger  solution  of  potassium  hydrox- 
ide first  prepared  had  been  consumed  in  the  trial,  then  each  40  Cc.  must  be  diluted 
to  50  Cc,  or  the  whole  of  the  remaining  solution  in  the  same  proportion  at  25°  C. 
(77°  F.).  Thus,  if  1000  Cc.  should  be  still  remaining,  this  must  be  diluted  with  water 
to  1250  Cc. 

After  the  liquid  is  thus  diluted,  a  new  trial  should  be  made  in  the  manner  above 
described,  in  which  50  Cc.  of  the  diluted  solution  should  exactly  neutralize  9.339 
Gm.  of  potassium  bitartrate  at  25°  C.  (77°  F.).  If  necessary,  a  new  adjustment 
should  then  be  made  to  render  the  correspondence  perfect. 

Note. — Solutions  of  caustic  alkalis  absorb  carbon  dioxide  from  the  atmosphere, 
and  thereby  change  their  titer  when  used  with  litmus  T.S.,  or  phenolphthalein  T.S., 
as  indicator  (methyl-orange  T.S.  is  not  affected  by  the  presence  of  carbonic  acid). 
Hence  the  volumetric  solutions  should  be  preserved  in  bottles  provided  with  well- 
fitting  rubber  stoppers,  or,  better  still,  these  should  be  provided  with  tubes  filled  with 
soda-lime  (a  mixture  of  caustic  soda  and  lime) ;  the  tubes  pass  through  a  perforation 
in  the  rubber  stoppers,  and  thus  absorb  the  carbon  dioxide  and  prevent  its  access 
to  the  solution.  If  the  solution  is  kept  in  a  burette  for  any  length  of  time,  the  same 
provision  with  a  soda-lime  tube  should  be  observed. 

In  place  of  potassium  hydroxide  V.S.,  sodium  hydroxide  V.S.  (see  p.  995) 
may  be  used,  in  the  same  manner  and  in  the  same  quantity.  Potassium  hydroxide 
V.S.,  however,  is  preferable,  since  it  foams  less  and  attacks  glass  more  slowly. 

One  Cvbic  Centimeter  of  Normal  Potassium  Hydroxide  V.S.  is  the  equivalent  of: 

Gramme. 

Potassium  Hydroxide,  KOH 0.05574 

Acetic  Acid,  absolute,  HC2H3O2 0.05958 

Ammonia  Gas,  NH, 0.01693 

Ammonium  Chloride,  NH.Cl 0.05311 

Boric  Acid,  H3BO3 0.06154 

Citric  Acid,  crystallized,  HaCeHp.  +  HjO 0.06950 

Hydriodic  Acid,  absolute,  HI 0.12690 

Hydrobromic  Acid,  absolute,  HBr 0.08036 

Hydrochloric  Acid,  absolute,  HCl 0.03618 

Hypophosphorous  Acid,  HPHjOj 0.06553 

Lactic  Acid,  absolute,  HC3H5O3 0.08937 

Nitric  Acid,  absolute,  HNO3 0.06257 

Oxalic  Acid,  crystallized,  HAO4  +  2H2O 0.06255 

Phosphoric  Acid,  H3PO1  (to  form  KjHPO,;  with  phenolphthalein). . .  .  0.048645 

Potassium  Bichromate,  KjCr^OT 0.14614 

Sodium  Hydroxide,  NaOH 0.03976 

Sulphuric  Acid,  absolute,  H^SO^ 0.048675 

Tartaric  Acid,  crystaUized,  HjC^H.Oe .* 0.07446 

Trichloracetic  Acid,  CCI3COOH 0.16212 

TENTH-NORMAL  POTASSIUM  HYDROXIDE  VOLUMETRIC  SOLUTION 

KOH  =  55.74.  5.574  Gm.  in  1000  Cc. 

Dilute  100  Cc.  of  freshly  standardized  normal  potassium  hydroxide  V.S.  with 
sufficient  distilled  water  to  measure,  at  25°  C.  (77°  F.),  exactly  1000  Cc 
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This  solution  may  also  be  prepared  and  standardized  directly  with  potassium 
bi tartrate,  as  directed  under  normal  potassium  hydroxide  V.S.,  employing  for  this 
purpose  0.9339  Gm.  of  the  former  and  a  solution  of  about  7.5  Gm.  of  potassium  hy- 
droxide [Potassii  Hydroxidum,  U.  S.  P.]  in  1000  Cc.  of  distilled  water.  Fifty  Cc. 
of  the  prepared  tenth-normal  solution  at  25°  C.  (77°  F.)  should  exactly  neutrahze 
0.9339  Gm.  of  potassium  bitartrate. 

Note. — The  same  precautions  should  be  taken  for  protecting  this  solution  from 
carbon  dioxide  of  the  air  as  are  directed  under  normal  potassium  hydroxide  V.S. 

One  Cubic  Centimeter  of  Tenth-Normal  Potassium  Hydroxide  V.S.  is  the' equivalent  of: 

Gramme. 

Potassium  Hydroxide,  KOH 0.005574 

Sulphuric  Acid,  absolute,  H^SO, 0.0048675 

FIFTIETH-NORMAL  POTASSIUM  HYDROXIDE  VOLUMETRIC  SOLUTION 
KOH  =  55.74.  1.1148  Gm.  in  1000  Cc. 

Dilute  20  Cc.  of  a  freshly  standardized  normal  or  200  Cc.  of  tenth-normal  potas- 
sium hydroxide  V.S.  with  sufficient  distilled  water  to  measure  at  25°  C.  (77°  F.) 
exactly  1000  Cc.  This  standard  solution  is  employed  in  conjunction  with  the  tenth- 
normal sulphuric  acid  V.S.  in  the  titration  of  alkaloids,  with  hematoxylin,  cochineal, 
or  iodeosin  T.S.  as  indicators. 

Note. — The  same  precautions  should  be  taken  for  protecting  this  solution  from 
carbon  dioxide  of  the  air  as  are  directed  under  normal  potassium  hydroxide  V.S. 
It  should  be  renewed  at  frequent  intervals. 

HUNDREDTH-NORMAL  POTASSIUM  HYDROXIDE  VOLUMETRIC  SOLUTION 

KOH  =  55.74.  0.5574  Gm.  in  1000  Cc. 

Dilute  10  Cc.  of  normal  or  100  Cc.  of  tenth-normal  potassium  hydroxide  V.S. 
with  sufficient  water  to  measure,  at  25°  C.  (77°  F.),  exactly  1000  Cc.  The  solution 
must  be  frequently  renewed. 

One    Cubic    Centimeter    of  Hundredth-Normal  Potassium    Hydroxide   V.S.   is    the 

equivalent  of: 

Gramime. 

Potassium  Hydroxide,  KOH 0.0005574 

Sulphuric  Acid,  absolute,  H2SO4 0.00048675 

HALF-NORMAL   ALCOHOLIC   POTASSIUM   HYDROXIDE   VOLUMETRIC   SOLU- 
TION 

KOH  =  55.74.  27.87  Gm.  in  1000  Cc. 

Dissolve  about  40  Gm.  of  potassium  hydroxide  [Potassii  Hydroxidum,  U.  S.  P.], 
which  has  been  broken  into  small  pieces,  in  about  20  Cc.  of  water,  and  add  sufficient 
alcohol  [Alcohol,  U.  S.  P.]  to  measure  1000  Cc.  After  setting  aside  in  a  well-stop- 
pered bottle  for  one  day,  the  clear  supernatant  solution  should  be  quickly  decanted 
into  a  bottle  provided  with  a  weU-fitted  rubber  stopper. 

Into  a  flask  of  the  capacity  of  about  300  Cc.  introduce  1.8678  Gm.  of  potas- 
sium bitartrate,  which  has  been  purified  and  dried,  and  about  100  Cc.  of  dis- 
tilled water.  Heat  the  solution  to  the  boiling-point,  add  5  drops  of  phenol- 
phthalein  T.S.,  followed  by  the  cautious  addition,  from  a  burette,  of  the  potas- 
sium hydroxide  solution,  frequently  agitating  the  flask,  boihng,  and,  toward  the 
end  of  the  operation,  reducing  the  flow  to  drops  until  the  red  color  produced  by  its 
influx  no  longer  disappears  on  shaking,  but  is  not  deeper  than  pale  pink.  Note  the 
number  of  Cc.  of  the  alcoholic  potassium  hydroxide  solution  consumed,  and  then 
dilute  the  remainder  of  the  solution  with  alcohol  so  that  exactly  20  Cc.  of  the  diluted 
liquid  shall  be  required  to  neutralize  the  1.8678  Gm.  of  potassium  bitartrate  used. 

Example. — Assuming  that  12.5  Cc.  of  the  stronger  alcoholic  solution  of  potas- 
sium hydroxide  first  prepared  has  been  consumed  in  the  trial,  then  each  12.5  Cc. 
must  be  diluted  with  alcohol  to  20  Cc,  or  the  whole  of  the  remaining  solution  in  the 
same  proportion  at  25°  C.  (77°  F.).  Thus,  if  980  Cc.  should  remain,  this  must  be 
diluted  with  alcohol  to  measure  1568  Cc. 

Half-Normal  Alcoholic  Potassium  Hydroxide  V.S.  may  also  be  prepared  as  fol- 
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lows:  Of  the  above-described  concentrated  alcoholic  potassium  hydroxide  solution, 
carefully  measure,  from  a  burette,  20  Cc.  into  a  flask,  and,  after  diluting  with  about 
50  Cc.  of  water,  add  about  5  drops  of  phenolphthalein  T.S.,  heat  to  a  Doihng  tem- 
perature, and  add,  from  a  burette,  half-normal  hydrochloric  acid  V.S.,  frequently 
agitating  the  flask,  and,  toward  the  end  of  the  operation,  reducing  the  flow  to  drops 
until  the  red  color  is  just  discharged.  Note  the  number  of  Cc.  of  the  half-normal 
hydrochloric  acid  V.S.  consumed,  and  then  dilute  the  remainder  of  the  solution  with 
alcohol  so  that  equal  volumes  of  this  and  of  the  half-normal  hydrochloric  acid  V.S. 
neutralize  each  other  at  25°  C.  (77°  F.). 

Should  half -normal  hydrochloric  acid  V.S.  not  be  available,  standardization 
can  be  carried  out  in  the  same  manner  with  normal  hydrochloric  acid  V.S.,  two 
volumes  of  the  alcoholic  potassium  hydroxide  being  made  to  correspond  with  one 
volume  of  the  standard  acid. 

Note. — This  solution  should  be  kept  in  bottles  provided  with  a  well-fitted 
rubber  stopper  and  protected  from  the  light.  Owing  to  the  readiness  with  which 
this  standard  solution  loses  its  titer,  blank  tests  should  be  performed  whenever  it  is 
employed  in  titrations. 

One  Cubic  Centimeter  of  Half -Normal  Alcoholic  Potassium  Hydroxide  V.S.  is  the 

equivalent  of: 

Gramme. 

Potassium  Hydroxide,  KOH 0.02787 

Borneol,  CioHuO 0.07649 

Bornyl  Acetate,  C10H17O.C2H3O '. 0.09734 

Menthol,  C^o^Jd 0.07749 

Menthyl  Acetate,  C10H19O.C2H3O ; 0.09834 

Santalol,  C^H^eO 0.11026 

NORMAL  SODIUM  HYDROXIDE  VOLUMETRIC  SOLUTION 
NaOH  =  39.76.  39.76  Gm.  in  1000  Cc. 

Dissolve  54  Gm.  of  sodium  hydroxide  [Sodii  Hydroxidum,  U.  S.  P.]  in  sufficient 
water  to  measure  about  1050  Cc,  and  fill  a  burette  with  a  portion  of  this  liquid. 

For  the  standardization  of  this  approximate  solution  of  sodium  hydroxide,  pro- 
ceed as  directed  under  normal  potassium  hydroxide  V.S.  (see  p.  993);  50  Cc.  of  the 
volumetric  solution,  at  25°  C.  (77°  F.),  must  exactly  neutralize  9.339  Gm.  of  pure 
potassium  bitartrate. 

Note. — The  same  precautions  should  be  taken  for  protecting  this  solution  from 
the  carbon  dioxide  of  tne  air  as  are  prescribed  for  normal  potassium  hydroxide  V.S. 
(see  p.  993). 

This  solution  may  be  employed  in  place  of  the  normal  potassium  hydroxide  V.S. 
(see  p.  993),  volume  for  volume. 

DOUBLE-NORMAL  SODIUM  HYDROXIDE  VOLUMETRIC  SOLUTION 
NaOH  =  39.76.  79.52  Gm.  in  1000  Cc. 

Dissolve  70  Gm.  of  sodium  hydroxide  [Sodii  Hydroxidum,  U.  S.  P.]  in  sufficient 
water  to  measure  about  1000  Cc. 

For  the  standardization  of  this  approximate  solution  of  sodium  hydroxide  pro- 
ceed as  directed  under  normal  potassium  hydroxide  V.S.  (seep.  993);  25  Cc.  of  the 
volumetric  solution,  at  25°  C.  (77°  F.),  should  exactly  neutralize  9.339  Gm.  of  pure 
potassium  bitartrate. 

Note. — The  same  precautions  should  be  taken  for  protecting  this  solution  from 
carbon  dioxide  of  the  air  as  are  prescribed  for  normal  potassium  hydroxide  V.S. 
(see  p.  993). 

In  preparing  these  volumetric  solutions  the  dry  chemicals  are 
weighed  on  an  appropriate  scale,  the  finished  standardized  solution 
brought  to  the  exact  volume  in  an  accurately  measured  flask  (see  Fig. 
19,  of  1000-Cc.  flask  and  100-Cc.  flask  on  p.  45).  The  other  appara- 
tus required  in  volumetric  analysis  are  pipettes  (see, Fig.  20,  p.  45), 
burettes,  which  have  just  been  described,  and  a  number  of  chemical 
flasks  of  appropriate  size. 
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Hydrochloric  Add. — Introduce  into  a  stoppered  weighing-bottle  3  Cc.  of  Hydro- 
chloric Acid  and  weigh  accurately.  Dilute  the  Acid  with  50  Cc.  of  distilled  water  and 
titrate  with  normal  potassium  hydroxide  V.S..  using  methyl-orange  T.S.  as  indicator. 
Multiply  the  number  of  Cc.  of  the  normal  potassium  hydroxide  V.S.  consumed  by 
3.618,  and  divide  this  product  by  the  weight  of  the  Acid  taken;  the  quotient  repre- 
sents the  percentage  of  absolute  Hydrochloric  Acid  in  the  latter. 

It  will  be  seen  that  the  mathematic  equation  used  in  calculating 

,,   .    Cc.  nKOH  used  X 3.618  .     u    w 

strength  is .— ri — ^ ^-i =  per  cent,  absolute  acid. 

weight  of  acid 

This  equation  is  used  for  the  three  acids  which  follow,  the  only 
difference  being  that  the  factor  3.618  is  changed  in  each  case  for  the 
one  appropriate  to  the  acid  in  question.  Referring  to  the  table  of 
values  under  normal  Potassium  Hydroxide  V.S.  on  p.  993,  it  will  be 
seen  that  1  Cc.  of  the  volumetric  solution  equals  0.03618  Gm.  absolute 
hydrochloric  acid.  This,  multiplied  by  100  (100  per  cent.),  equals 
3. 168 — the  factor  given.  In  similar  manner  are  the  factors  of  the  three 
other  acids  derived. 

Nitric  Acid. — Like  hydrochloric  acid  assay,  except  factor  is  6.257. 

Sulphuric  Acid.— Like  hydrochloric  acid  assay,  except  factor  is 
4.8675. 

Glacial  Acetic  Acid. — Like  hydrochloric  acid  assay,  except  factor  is 
5.958,  and  that  phenolphthalein  is  the  indicator  employed. 

Diluted  Hydrochloric  Acid. — If  to  3.62  Gm.  of  Diluted  Hydrochloric  Acid  there 
be  added  about  20  Cc.  of  water,  it  should  require  10  Cc.  of  normal  potassium  hydrox- 
ide V.S.  for  neutralization  (each  Cc.  corresponding  to  1  per  cent,  of  absolute  Hydro- 
chloric Acid),  methyl-orange  T.S.  being  used  as  indicator. 

In  the  case  of  this  assay  and  the  three  assays  which  follow  it  the 
quantity  of  the  diluted  acid  equivalent  to  100  times  the  amount  of  ab- 
solute acid  neutralized  by  1  Cc.  normal  potassium  hydroxide  V.S.  is 
weighed  out,  and  this  amount  should  take  exactly  10  Cc.  nKOH  to 
neutralize  it,  as  is  shown  in  the  following  calculation: 

If    1  Cc.  nKOH  =  0.03618  Gm.  absolute  HCl  (p.  993), 
Then  10  Cc.  nKOH  =  10  X  0.3618  Gm.  absolute  HCl 
or       0.3618  Gm.  absolute  HCl. 

Then  3.62  Gm.  diluted  acid  contains  0.3618  Gm.  absolute  acid,  and 
is.  therefore,  10  per  cent. 

The  diluted  acetic  acid  calculation  is  different  and  is  given  below. 
The  four  other  acids  tested  like  diluted  hydrochloric  acid  are: 


Acid. 


Amount 
Used. 


Diluted  With.       Requires 
Cc.  nKOH. 


Indicator. 


Strength 
OF  Acid 


Diluted      ni-  6.26  Gm.     Nothing.  10  Cc.  Methyl  orange.      10       per 

trie  acid.  cent. 

Diluted     sul-  4.86  Gm.     Nothing.  10  Cc.  Methyl  orange.      10       per 

phuric  acid.  cent. 

Diluted  phos-  4.87  Gm.     Saturated  solution  of  10  Cc.  Phenolphthalein.  10       per 

phoric  acid.  potassium   chloride  cent. 

(5  Cc). 

Diluted  acetic  23.8  Gm.     Nothing.  24  Cc.  Phenolphthalein.  6         per 

acid.  cent. 

Tartaric  acid.  3.728  Gm.  Presumably  water.      49.8  Cc.  Phenolphthalein.  99.6    per 

cent. 


QUANTITATIVE   ANALYSIS  997 

The  calculation  for  acetic  acid  is  as  follows: 

1  Cc.  nKOH  =  0.05958  Gm.  absolute  acetic  acid  (p.  993). 
24  Cc.  nKOH  =  24  X  0.05958  Gm.  absolute  acetic  acid. 
1.42992  Gm.  absolute  acetic  acid. 

Hence,  23.8  Gm.  diluted  acetic  acid  contains  1.43992  Gm.  absolute 
acid,  and  the  percentage  of  absolute  acid  in  the  diluted  acid  is,  therefore, 

1  43992 
23  80000   ^  ^^^  P^^  ^^"*'  ""  ^  ^^^  ^^"*" 

As  the  amount  of  tartaric  acid  used  is  50  times  the  quantity  which^ 

1  Cc.  nKOH  will  neutralize,  each  Cc.  nKOH  in  such  case  will  represent 

2  per  cent,  tartaric  acid. 

Phosphoric  Acid. — If  10  Gm.  of  Phosphoric  Acid  be  diluted  to  measure  100  Cc, 
then  9.73  Cc.  of  this  solution,  when  diluted  with  10  Cc.  of  a  cold  saturated  solution  of 
sodium  chloride,  should  require  17  Cc.  of  normal  potassium  hydroxide  V.S.  for  neutral- 
ization (each  Cc.  corresponding  to  5  per  cent,  of  absolute  Phosphoric  Acid),  phenol- 
phthalein  T.S.  being  used  as  indicator. 

In  this  and  the  five  following  assays,  instead  of  weighing  the  exact 
amount  of  acid  as  in  the  case  of  diluted  hydrochloric  acid,  a  10  per  cent, 
(in  one  case,  5  per  cent.)  dilution  is  prepared,  and  an  aliquot  part  of  this 
dilution,  representing  some  multiple  of  the  normal  potassium  hydrox- 
ide V.S.  value  of  the  tested  acid,  is  taken.  This  is  best  shown  by  cal- 
culating the  phosphoric  acid  figures  just  given. 

9.73  Cc.  of  a  10  per  cent,  dilution  of  U.  S.  P.  phosphoric  acid  con- 
tains 0.973  Gm.  U.  S.  P.  phosphoric  acid. 

1  Cc.  nKOH  =  0.048645  Gm.  absolute  H3PO,  (p.  993). 
17  Cc.  nKOH  =  17  X  0.048645  Gm.  absolute  H3PO, 
=  0.826965  Gm.  absolute  HaPO^. 

Then  the  percentage  of  absolute  H3PO4  in  0.973  Gm.  U.  S.  P.  acid 
is — 

826965  ^  ,„^  .or 

The  five  other  acids  assayed  like  phosphoric  acid  are: 

Acid.  Amount  and  Strength   Requires  Indicator.  Strength  op 

OF  Dilution.  Cc.  nKOH.  Acid  is — 

Hypophosphoroiis  65.5  Cc.  of  10  per  cent.  30  Cc.        Methyl  orange.      30  per  cent. 

acid.  dilution. 

Diluted  hypophos-  65.5  Cc.  of  10  per  cent.  10  Cc.       Methyl  orange.      10  per  cent. 
phorous  acid.  dilution. 

Acetic  acid.  59.6  Cc.  of  10  per  cent.  36  Cc.        Phenolphthalein.  36  per  cent. 

dilution. 
Lactic  add.  44.7  Cc.  of  10  per  cent.  37.5  Cc.     Phenolphthalein.  75  per  cent. 

dilution. 
Citric  acid.  34.75  Cc.  of  5  per  cent.  24.87  Cc.  Phenolphthalein.  99.48  per  cent, 

dilution. 

In  the  above  assays  the  amount  of  acid  used  in  assay  is,  in  the  case 
of  phosphoric  acid,  20  times  the  nKOH  value;  in  the  case  of  citric  acid, 
is  25  times  the  nKOH  value;  in  the  case  of  lactic  acid,  is  50  times  the 
nKOH  value,  and  in  the  case  of  the  rest,  is  100  times  the  nKOH  value. 
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The  assays  of  the  following  acids  with  normal  potassium  hydroxide 
V.S.  are  too  intricate  for  tabulation,  hence  are  given  in  full: 

Aromatic  Sulphuric  Add. — If  10  Gm.  of  Aromatic  Sulphuric  Acid  be  mixed 
in  a  small  flask  with  30  Cc.  of  water  and  be  boiled  for  four  hours,  cooled  and 
diluted  with  water  to  measure  100  Cc,  then  48.68  Cc.  of  this  solution,  to  which  ex- 
actly 25  Cc.  of  normal  potassium  hydroxide  V.S.  have  been  added,  should  require 
not  more  than  5  Cc.  of  normal  sulphuric  acid  V.S.  for  complete  neutralization  (each 
Cc.  of  the  normal  potassium  hydroxide  V.S.  consumed  corresponding  to  1  per  cent, 
of  absolute  Sulphuric  Acid),  methyl-orange  T.S.  being  used  as  indicator. 

Lemon  Juice. — At  least  10  Cc.  of  normal  potassium  hydroxide  V.S.  should  be 
required  to  neutralize  10  Cc.  of  Lemon  juice,  phenolphthalein  T.S.  being  used  as 
indicator. 
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Baric  Acid. — One  Gm.  of  Boric  Acid,  when  dissolved  in  50  Cc.  of  distilled  water, 
after  the  addition  of  50  Cc.  of  glycerin,  should  require  not  less  than  16.2  Cc.  of  normal 
sodium  hydroxide  V.S.  for  neutralization  (corresponding  to  at  least  99.8  per  cent, 
of  Boric  Acid),  phenolphthalein  T.S.  being  used  as  indicator. 

Trichloracetic  Acid.— One  Gm.  when  diluted  with  50  Cc.  of  water  should  not 
require  less  than  6.1  Cc.  of  normal  sodium  hydroxide  V.S.  for  neutralization,  phenol- 
phthalein T.S.  being  used  as  indicator. 

Solution  of  Formaldehyde. — Transfer  3  Cc.  of  Solution  of  Formaldehyde  to  a  well- 
stoppered  Erlenmeyer  flask,  and  weigh  accurately.  Add  50  Cc.  of  normal  sodium 
hydroxide  V.S.,  and  follow  this  immediately,  but  slowly,  through  a  small  funnel, 
with  50  Cc.  of  solution  of  hydrogen  dioxide,  to  which  a  drop  of  litmus  T.S.  has  been 
added,  and  which  has  been  neutralized  with  normal  sodium  hydroxide  V.S.  After 
the  reaction  has  ceased  and  the  foaming  has  subsided,  rinse  the  funnel  and  sides  of 
the  vessel  with  distilled  water,  and,  after  allowing  it  to  stand  ten  minutes,  titrate 
back  with  normal  sulphuric  acid  V.S.,  using  litmus  T.S.  as  indicator.  Subtract  the 
number  of  Cc.  of  normal  sulphuric  acid  V.S.  consumed  from  50  (the  number  of  Cc. 
of  normal  sodium  hydroxide  V.S.  employed),  multiply  the  remainder  by  2.979, 
and  divide  the  product  by  the  weight  of  the  Solution  taken;  the  quotient  represents 
the  percentage,  by  weight,  of  absolute  Formaldehyde  in  the  liquid. 

This  assay  depends  on  the  oxidation  of  formaldehyde  by  hydrogen 
dioxide  to  formic  acid,  which  is  then  titrated  with  normal  soda. 
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Potassium  Hydroxide.— Introduce  about  1  Gm.  of  Potassium  Hydroxide  into  a 
stoppered  weighing-bottle  and  weigh  accurately.  Dissolve  this  in  about  50  Cc.  of 
water  and  titrate  the  solution  with  normal  sulphuric  acid  V.S.,  using  methyl-orange 
T.S.  as  indicator.  Multiply  the  number  of  Cc.  of  the  normal  sulphuric  acid  V.S. 
consumed  by  5.574,  and  divide  this  product  by  the  weight  of  the  Potassium  Hydrox- 
ide taken;  the  quotient,  which  must  be  not  less  than  85,  represents  the  percentage 
of  Potassium  Hydroxide  present. 

It  will  be  seen  that  the  equation  used  in  calculating  the  percentage 
of  absolute  KOH  is — 

Cc.  nHjSO^  used  X  5.574  x     u    i  x    rj-r^Tr 

^-jfr — J  T^r^rr J —  =  per  cent,  absolute  KOH. 

weight  of  KOH  used  ^ 

The  factor  5.574  is  100  times  the  quantity  of  KOH  which  1  Cc. 
nH2S04  will  neutralize  (see  p.  990),  hence  the  reasoning  used  in  calcula- 
tion is  the  same  as  that  given  under  the  assay  of  hydrochloric  acid  (p. 
996). 

Sodium  Hydroxide. — Like  potassium  hydroxide  assay  except  factor  is  3.976. 

A ^     ■    Txr  i^  (  Like  potassium  hydroxide  assay  except  factor  is 

sZSrAZ:S:S^Wa,er.-{     >S,  and  3  g1  of  the  soluJon  is  ^eigh«l  ac- 
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Solution  of  Potassium  Hydroxide. — To  neutralize  28  (27.87)  Gm.  of  Solution  of 
Potassium  Hydroxide  should  require  about  25  Cc.  of  normal  sulphuric  acid  V.S., 
methyl-orange  T.S.  being  used  as  indicator  (each  Cc  of  normal  sulphuric  acid  V.S. 
indicating  0.2  per  cent,  of  absolute  Potassium  Hydroxide). 

This  assay  is  based  on  the  same  principles  as  the  assay  of  diluted 
hydrochloric  acid  (p.  996);  the  amount  of  solution  of  potassa  taken 
being  500  times  the  amount  of  absolute  KOH  neutralized  by  1  Cc. 
nH2S0.     (See  p.  990.) 

Solution  of  Sodium  Hydroxide. — Like  assay  of  solution  of  potassium 
hydroxide,  except  that  20  Gm.  of  solution  (500  times  the  amount  of 
absolute  NaOH  neutralized  by  1  Cc.  nHjSOJ  is  taken. 

Potassium  Carbonate. — One  Gm.  of  Potassium  Carbonate,  weighed  after  having 
been  thoroughly  dried  at  130°  C.  (266°  F.),  and  dissolved  in  about  50  Cc.  of  water, 
should  require  not  less  than  14.3  (14.28)  Cc.  of  normal  sulphuric  acid  V.S.  for  neutral- 
ization, methyl-orange  T.S.  being  used  as  indicator. 

Sodium  Bicarbonate. — Two  Gm.  of  Sodium  Bicarbonate  should  require  for  com- 
plete neutralization  not  less  than  23.7  (23.74)  Cc.  of  normal  sulphuric  acid  V.S., 
methyl-orange  T.S.  being  used  as  indicator. 

Lithium  Carbonate. — If  0.5  Gm.  of  Lithium  Carbonate  be  dissolved  in  20  Cc.  of 
normal  sulphuric  acid  V.S.,  the  resulting  solution  should  require  not  more  than  6.6 
Cc.  of  normal  potassium  hydroxide  V.S.  for  complete  neutralization,  methyl-orange 
T.S.  being  used  as  indicator. 

In  this  case  the  salt  is  dissolved  in  definite  quantity  of  nH2S04, 
and  the  excess  of  acid  estimated  by  titration  with  nKOH.  Since  6  Cc. 
nKOH  equals  6  Cc.  nH2S04,  it  is  evident  that  the  carbonate  takes 
14  Cc.  (20—6)  nHjSO^  to  neutralize  it. 

The  following  official  salts  are  assayed  like  lithium  carbonate,  the 
difference  in  quantity  of  salt  and  of  volumetric  solution  used  being 
given  in  tabulated  form: 


Salt. 

Amount 

Cc.  nHaSOi  Used 

Cc.    nKOH 

Indicator. 

Used. 

FOB  Solution. 

Needed   to 

Neutralize 

Excess     of 

Acid. 

Ammonium  carbonate. 

2    Gm. 

f  50  Cc.  nHjSO,.! 
\  50  Cc.  water. 

12.7  Cc. 

Litmus  T.S. 

Magnesium    carbonate 

0.4  Gm. 

25  Cc. 

5.8  Cc. 

Methyl  orange. 

(recently  ignited). 

Magnesium  oxide  (re- 

0.4 Gm. 

25  Cc. 

5.8  Cc. 

Methyl  orange. 

cently  ignited). 
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Potassium  Acetate. — If  1  Gm.  of  dry  Potassium  Acetate  be  thoroughly  carbon- 
ized at  a  temperature  not  exceeding  red  heat,  and  the  residue  extracted  with  boiling 
distilled  water  until  the  washings  cease  to  react  with  methyl-orange  T.S.,  the  mixed 
filtrate  and  washings  should  require  for  complete  neutralization  not  less  than  20.1 
Cc.  of  half-normal  sulphuric  acid  V.S.,  methyl-orange  T.S.  being  used  as  indicator. 

The  following  official  chemicals  are  assayed  like  potassium  acetate: 


Potassium  bitartrate. 
Solution  of  potassium  citrate. 
Sodium  acetate. 
Sodium  citrate. 
Sodium  salicylate. 

1  The  acid  solution  of  ammonium  carbonate  must  be  boiled  until  all  the  carbon 
dioxide  is  expelled. 


Amount  Salt  Used. 

Cc.  i  nHaSO* 
Required. 

Indicator. 

IGm. 

10.6  Cc. 

Methyl  orange. 

10.14  Gm. 

16.0  Cc. 

Methyl  orange. 

IGm. 

14.7  Cc. 

Methyl  orange. 

IGm. 

16.4  Cc. 

Methyl  orange. 

1  Gm. 

12.5  Cc. 

Methyl  orange. 
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Potassium  Bicarbonate. — To  neutralize  1  Gm.  of  Potassium  Bicarbonate  not  less 
than  19.9  Cc.  of  half-normal  sulphuric  acid  V.S.  should  be  required,  methyl-orange 
T.S.  being  used  as  indicator. 

Monohydrated  Sodium  Carbonate. — If  1  Gm.  of  Monohydrated  Sodium  Carbonate 
or  0.855  Gm.  of  the  anhydrous  salt,  be  dissolved  in  10  Cc.  of  distilled  water,  it  should 
require  not  less  than  32.3  Cc.  of  half-normal  sulphuric  acid  V.S.  for  neutralization, 
3  drops  of  methyl-orange  T.S.  being  used  as  indicator. 

Spirit  of  Ammonia. — Assayed  uke  ammonia  water  (p.  998),  except  that  2  Gm. 
spirit  is  weighed,  i  nHjSO^  used,  and  the  factor  is  0.008465  X  100. 

OFFICIAL  CHEMICAL  ASSAYED  WITH  TENTH-NORMAL  SULPHURIC  ACID  V.S. 

Solution  of  Lime. — Fifty  Cc.  should  require,  for  complete  neutralization,  not  less 
than  19  Cc.  of  tenth-normal  sulphuric  acid  V.S.  (corresponding  to  about  0.14  per 
cent,  of  calcium  hydroxide),  phenolphthalein  T.S.  being  used  as  indicator. 

OFFICIAL  CHEMICALS  ASSAYED  WITH  HALF-NORMAL  HYDROCHLORIC 

ACID  V.S. 

The  following  are  assayed  like  potassium  acetate  (p.  999): 

Potassium  Citrate. — One  Gm.  after  ignition  takes  not  less  than  18.4  Cc.  ^  nHCl. 

Potassium  and  Sodium  Tartrate. — One  Gm.  after  ignition  takes  not  less  than  14.1 
Cc.  i  nHCl. 

Sodium  Benzoate. — One  Gm.  after  ignition  takes  not  less  than  13.85  Cc.  i  nHCl. 

Zinc  Oxide. — If  1  Gm.  of  freshly  ignited  Zinc  Oxide  be  digested  with  30  Cc.  of 
normal  hydrochloric  acid  V.S.  until  solution  is  complete,  and  2  drops  of  methyl- 
orange  T.S.  be  added,  not  more  than  5.4  Cc.  of  normal  potassium  hydroxide  V.S. 
should  be  required  for  neutralization  (each  Cc.  of  normal  hydrochloric  acid  consumed 
corresponding  to  about  4  per  cent,  of  zinc  oxide).  The  normal  potassium  hydroxide 
V.S.  should  be  added  slowly  with  constant  stirring,  waiting  until  the  precipitated 
zinc  hydroxide  has  redissolved  before  adding  further  portions  of  the  reagent. 

lODOMETRY 

By  this  term  we  mean  those  volumetric  assays  in  which  we  use 
volumetric  solution  of  iodine  or  volumetric  solution  of  sodium  thio- 
sulphate,  or  both. 

As  already  explained  (p.  396),  iodine  in  solution  is  decolorized  by 
use  of  sodium  thiosulphate,  and  this  decoloration,  like  all  chemical 
actions,  takes  place  between  definite  proportions  of  the  two  chemicals, 
the  equation  being: 

I,     +     2Na,S2035H20     =     2NaI     +     Na^S^O^     -f     lOH^O. 
2X125.9         2X246.46 
or  251.8  or  492.92 

We  see  from  this  equation  that  251.8  Gm.  iodine  take  492.92  Gm. 
crystallized  sodium  thiosulphate  to  complete  the  reaction — to  com- 
pletely decolorize  it.  Therefore,  if  we  prepare  a  decinormal  iodine 
solution  (12.59  Gm.  to  the  liter),  we  can  calculate  that  this  12.59  Gm. 

iodine  will  take  ,^^-^^X  492.92  =  24.646  Gm.   sodium   thiosulphate, 

which  amount  is  exactly  the  quantity  needed  to  make  1  liter  of 
decinormal  sodium  thiosulphate  solution.  Hence  equal  volumes  of 
the  two  decinormal  solutions  exactly  react  with  each  other. 

In  titrating  iodine  solution  with  thiosulphate  solution  we  either 
add  the  thiosulphate  solution  until  the  brown-yellow  color  of  the  iodine 
is  discharged,  or,  better  still,  we  use  as  indicator  starch  mucilage, 
which  we  have  already  learned  strikes  a  deep-blue  color  with  iodine 
(p.  396).  The  moment  all  the  iodine  in  a  given  solution  is  taken  up 
by  the  thiosulphate,  the  blue  color  is  discharged. 
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Were  the  sole  use  of  iodine  solution  and  thiosulphate  solution  the 
estimation  of  the  strength  of  these  two  chemicals,  the  value  of  iodome- 
try  would  be  limited.  Far  more  extended,  however,  is  its  application, 
because  of  the  fact  that  iodine,  when  treated  with  reducing  agents,  is 
converted  into  hydriodic  acid  or  iodides,  as  shown  in  the  following 
equations: 

(a)  I,     +     SO2     +    2H2O     =    2HI     +     H2SO,. 

Sulphurous  oxide.  Hydriodic        Sulphuric 

acia.  acid. 

(b)  2I2     +     A&jOj     +     2H2O     =     4HI     +     AS2O5. 

Arsenous  Arsenic 

oxide.  oxide. 

(c)  I2     +     Fe     =     Felj,, 

and  thus  loses  its  ability  to  color  starch  mucilage  blue.  Hence  if  we 
treat  a  known  excessive  quantity  of  iodine  solution  with  any  of  the 
reducing  agents  just  mentioned,  by  titrating  the  excess  of  iodine 
remaining  after  the  reaction  with  thiosulphate  solution,  we  can  cal- 
culate how  much  iodine  was  used  by  the  chemical  and  thus  estimate 
the  amount  of  chemical  itself. 

On  the  other  hand,  potassium  iodide  when  treated  with  oxidizing 
agents  liberates  a  proportional  quantity  of  its  iodine,  as  is  shown  in 
the  following  equations: 

(d)  KI     +     Br     =     KBr     +     I. 

(e)  KI     +     CI     =     KCl     +     I. 

(/)   SKI   +    CrOs     +     6HC1     =     CrCI,     +     3KC1     +     3HjO     +     I3. 

Chromic 
oxide. 

(g)  KI     +     FeCl,     =     FeCl^     +     KQ     +     I. 

Ferric 
chloride. 

and  by  titrating  this  liberated  iodine  with  thiosulphate  solution  the 
amount  of  the  oxidizing  agent  can  be  deduced. 

The  pharmacopoeial  preparation  of  decinormal  iodine  solution  and 
of  decinormal  thiosulphate  solution  are  given  below. 

TENTH-NORMAL  IODINE  VOLUMETRIC   SOLUTION 
I  =  125.9.  12.59  Gm.  in  1000  Cc. 

Tenth-normal  iodine  V.S.  may  be  prepared  according  to  either  of  the  following 
methods: 

I.  Dissolve  12.59  Gm.  of  pure  iodine  (see  below)  in  a  solution  of  18  Gm.  of  potas- 
Bium  iodide  in  300  Cc.  of  water.  Then  add  sufficient  water  to  make  the  solution 
measure,  at  25°  C.  (77°  F.),  exactly  1000  Cc.  Unless  freshly  prepared,  its  strength 
should  always  be  determined  anew  at  the  time  it  is  used.  Transfer  the  solution  to 
glass-stoppered  vials. 

Preparation  of  Pure  Iodine. — Heat  powdered  iodine  [lodum,  U.  S.  P.]  in  a  por- 
celain dish  placed  over  a  bath  of  boiling  water  for  twenty  minutes,  and  stir  it  con- 
stantly with  a  glass  rod,  so  that  adhermg  moisture,  cyanogen  iodide,  and  most  of 
the  iodine  bromide  and  iodine  chloride,  if  present,  may  be  vaporized.  Then  transfer 
the  iodine  to  a  porcelain  or  other  non-metallic  mortar,  and  triturate  it  with  about  5 
per  cent,  of  its  weight  of  dry  potassium  iodide,  so  as  to  decompose  any  remaining 
iodine  bromide  and  iodine  chloride.  Then  return  the  mass  to  the  dish,  cover  it  with 
a  glass  funnel,  and  heat  the  dish  carefully  on  a  sand-bath.     Detach  the  sublimed, 
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pure  iodine,  and,  after  pulverizing  and  drying  for  twenty-four  hours  over  calcium 
chloride,  keep  it  in  well-stoppered  bottles,  in  a  cool  place. 

II.  Tenth-normal  iodine  V.S.  may  also  be  prepared  as  follows: 
Dissolve  about  14  Gm.  of  iodine  [lodum,  U.  S.  P.]  in  a  solution  of  18  Gm.  of  potas- 
sium iodide  [Potassii  lodidum,  U.  S.  P.]  in  about  300  Cc.  of  water,  diluting  finally 
to  1000  Cc.  Of  this  solution  (which  is  too  concentrated),  carefully  measure  from  a 
burette  10  Cc.  in  a  flask,  then  add  gradually  and  cautiously  from  a  burette  tenth- 
normal sodium  thiosulphate  V.S.  (shaking  constantly)  until  the  color  of  the  solution 
is  discharged.  Note  the  number  of  Cc.  of  the  sodium  thiosulphate  V.S.  consumed, 
and  then  dilute  the  iodine  solution  so  that  any  known  volume  of  the  latter  will 
require  for  decolorization  exactly  the  same  volume  of  the  tenth-normal  sodium 
thiosulphate  V.S. 

Example. — Assuming  that  10  Cc.  of  the  iodine  solution  required  10.8  Cc.  of 
the  tenth-normal  sodium  thiosulphate  V.S.  for  decolorization,  then  each  10  Cc.  of 
the  former  must  be  diluted  to  10.8  Cc,  or  each  100  Cc.  of  the  iodine  solution  to  108 
Cc.  at  25°  C.  (77°  F.).  After  the  solution  is  thus  diluted,  a  new  trial  should  be  made 
in  the  manner  above  described,  in  which  50  Cc.  of  the  tenth-normal  iodine  V.S. 
should  require  exactly  50  Cc.  of  the  tenth-normal  sodium  thiosulphate  V.S.  for  com- 
plete decolorization.  If  necessary,  a  new  adjustment  should  be  made  to  render  the 
correspondence  perfect. 

One  Cubic  Centimeter  of  Tenth-Normal  Iodine  V.S.  is  the  equivalent  of: 

Gramme. 

Iodine,  1 0.01259 

Arsenic,  As. 0.00372 

Arsenic  Trioxide  (Arsenous  acid),  AsjOg 0.004911 

Iron,  Fe 0.002775 

Potassium  Sulphite,  crystallized,  K2SO3  +  2H2O 0.009648 

Sodium  Bisulphite,  NaHSOg 0.005168 

Sodium  Thiosulphate  (Hyposulphite),  crystals,  Na2S203-j-5H20 0.024646 

Sodium  Sulphite,  crystallized,  Na2S03  +  7H20 0.012520 

Sulphur  Dioxide,  SOj 0.003180 

Antimony  and  Potassium  Tartrate,  crystaUized,  2K(SbO)C^H,Oe-(-H20  0.016495 

TENTH-NORMAL  SODIUM  THIOSULPHATE  VOLUMETRIC  SOLUTION 
Na2S203-l-5H20  =  246.46.  24.646  Gm.  in  1000  Cc. 

Dissolve  30  Gm.  of  sodium  thiosulphate  in  sufficient  distilled  water  to  measure 
1000  Cc.     This  trial  solution,  which  is  too  concentrated,  is  standardized  as  follows: 

To  a  solution  of  about  1  Gm.  of  potassium  iodide  [Potassii  lodidum,  U.  S.  P.]  in 
10  Cc.  of  diluted  sulphuric  acid  contained  in  a  flask  of  about  500-Cc.  capacity,  add 
slowly,  from  a  burette,  20  Cc.  of  tenth-normal  potassium  dichromate  V.S.,  shaking 
after  each  addition.  Place  a  watch  glass  on  the  mouth  of  the  flask  and  allow  it  to 
stand  for  five  minutes,  then  dilute  the  solution  with  about  250  Cc.  of  distilled  water, 
add  some  starch  T.S.,  and  then,  from  a  burette,  the  trial  solution  of  sodium  thiosul- 
phate, in  small  portions  at  a  time,  shaking  after  each  addition,  and,  toward  the  end  of 
the  operation,  reducing  the  flow  to  drops,  until  the  blue  color  of  the  mixture  changes 
to  a  light  green;  note  the  number  of  Cc.  of  the  trial  sodium  thiosulphate  solution  con- 
sumed. Then  dilute  the  sodium  thiosulphate  solution  so  that  equal  volumes  of  it 
and  the  tenth-normal  potassium  dichromate  V.S.  will  exactly  correspond  to  each 
other  under  the  above  conditions  at  25°  C.  (77°  F.). 

Example. — Assuming  that  16  Cc.  of  the  trial  sodium  thiosulphate  solution  were 
required  to  decolorize  the  liberated  iodine  of  the  mixture,  then  each  16  Cc.  of  this 
solution  must  be  diluted  to  20  Cc,  so  that  it  will  correspond  in  volume  to  the  tenth- 
normal potassium  dichromate  V.S.  added,  or  the  whole  of  the  remaining  solution  in 
the  same  proportion  at  25°  C.  (77°  F.).  Thus,  if  984  Cc.  of  the  sodium  thiosulphate 
solution  are  remaining,  this  should  be  diluted  to  measure  1230  Cc.  After  the  sodium 
thiosulphate  solution  is  thus  diluted,  a  new  trial  should  be  made  in  the  manner  above 
described,  in  which  exactly  20  Cc.  of  this  solution  should  be  required  to  decolorize 
the  iodine  liberated  by  20  Cc.  of  the  tenth-normal  dichromate  V.S.  If  necessary, 
a  new  adjustment  should  be  made  to  render  the  correspondence  perfect. 

Keep  the  solution  in  glass-stoppered  bottles,  carefully  protected  from  dust. 

Note. — When  this  solution  is  to  be  used,  fill  a  burette  with  it,  place  the  liquid 
to  be  tested  either  for  the  free  iodine  it  already  contains,  or  for  that  which  it  liberates 
from  an  excess  of  potassium  iodide  added  to  it,  in  a  flask,  and  gradually  add  small 
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portions  of  the  solution  from  the  burette,  shaking  after  each  addition,  and,  toward 
the  end  of  the  operation,  reducing  the  flow  to  drops,  until  the  color  is  discharged. 

One  Cubic  Centimeter  of  Tenth-Normal  Sodium  Thiosuiphate  V.S.  is  the  equivalent  of: 

Gramme. 

Sodium  Thiosuiphate  (Hyposulphite),  Na2S203  +  5HjO 0.024646 

Bromine,  Br 0.007936 

Chlorine,  CI 0.003518 

Chromium  Trioxide,  CrOj 0.003311 

Iodine,  1 0.01259 

Iron,  Fe,  in  ferric  salts 0.00555 

Potassium  Bromate,  KBrOj 0.002764 

A  comparison  of  the  several  iodine  equations  given  above  with 
the  amount  of  the  characteristic  chemical  represented  by  1  Cc.  y^^^n 
iodine  solution  or  by-l  Cc.  j\n  thio  solution  may  be  timely.  Already 
we  have  calculated  (p.  1000)  that  1  Cc.  yV^  thio  =  1  Cc.  ^^n  iodine. 
Just  above  we  learned  that  1  Cc.  ^^^^n  iodine  contains  0.01259  Gm.; 
that  is,  the  same  number  of  grammes  of  iodine  as  its  atomic  weight 
divided  by  10,000.  Likewise  1  Cc.  of  ^n  thio  contains  0.024646  Gm. 
of  sodium  thiosuiphate;  that  is,  the  same  number  of  grammes  of  thio 
as  its  molecular  weight  divided  by  10,000. 

From  the  equations  given  on  p.  1001  we  find: 

Equation  "a"  1  atom  iodine  equals  J  molecule  of  sulphurous  oxide. 
Equation  "b"  1  atom  iodine  equals  \  molecule  of  arsenous  oxide. 
Equation  "c"  1  atom  iodine  equals  |  atom  of  iron. 
Equation  "d"  1  atom  iodine  equals  1  atom  of  bromine. 
Equation  "e"  1  atom  iodine  equals  1  atom  of  chlorine. 
Equation  "f "  1  atom  iodine  equals  ^  molecule  of  chromic  oxide. 
Equation  "g"  1  atom  iodine  equals  1  molecule  of  ferric  chloride  (or  1  atom  of 
ferric  iron). 

Comparing  these  tabulated  statements  with  equivalents  for  1  Cc. 
■j^gn  iodine  solution  and  ^^n  thio  solution  given  above,  we  find  that 
the  quantity  of  sulphurous  oxide,  arsenous  oxide,  and  chromic  acid 
represented  by  1  Cc.  ^^n  iodine  or  y^jn  thio  is,  respectively,  one-half, 
one-quarter,  and  one-third  the  molecular  weight  expressed  in  tenths 
of  milligrammes;  while  the  quantity  of  ferrous  iron,  bromine,  chlorine, 
and  ferric  iron  is  respectively  one-half,  one,  one  and  one  times  the 
atomic  weight  expressed  in  tenths  of  milligrammes. 

OFFICIAL  DIRECT  ASSAYS  WITH   TENTH-NORMAL  SODIUM  THIOSULPHATE 

V.S. 

Iodine. — Place  about  0.5  Gm.  of  Iodine  in  a  tightly  stoppered  weighing-bottle 
and  weigh  accurately;  add  1  Gm.  of  potassium  iodide  and  dissolve  in  50  Cc.  of  water, 
then  add  tenth-normal  sodium  thiosuiphate  V.S.  until  the  liquid  is  decolorized. 
The  number  of  Cc.  of  tenth-normal  sodium  thiosuiphate  T.S.  consumed,  when  multi- 
plied by  1.259,  and  divided  by  the  weight  of  the  Iodine  taken,  gives  the  percentage 
of  pure  Iodine  present. 

Tincture  of  Iodine. — If  5  Cc.  of  the  Tincture  be  mixed  with  about  25  Cc.  of  water 
and  titrated  with  tenth-normal  sodium  thiosuiphate  V.S.,  about  27.25  Cc.  of  tenth- 
normal sodium  thiosuiphate  V.S.  should  be  required  for  complete  decolorization  (cor- 
responding to  about  6.86  Gm.  of  Iodine  in  100  Cc). 

Like  assay  of  tincture  of  iodine  are  the  assays  for — 

Compound  Solution  of  Iodine. — 6.3  Gm.  takes  24.75  Cc.  An  thio  to  decolorize. 

Sulphur  Iodide. — 0.5  Gm.  substance,  1  Gm.  potassium  iodide,  25  Cc.  water,  take 
28.00  Cc.  -^n  thio  to  decolorize,  starch  paste  being  used  as  indicator. 
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OFFICIAL  DIRECT  ASSAY  WITH  TENTH-NORMAL  IODINE  V.S. 
Sodium  Thiosvlphate. — If  1  Gm.  of  Sodium  Thiosulphate  be  dissolved  in  20  Cc. 
of  water,  it  should  require  the  addition  of  not  less  than  39.75  Cc.  of  tenth-normal 
iodine  V.S.  to  produce  a  slight  yellow  tint. 

OFFICIAL  REDUCTION  ASSAYS  "WITH  TENTH-NORMAL  IODINE  V.S. 

Sulphurous  Acid. — Introduce  into  a  stoppered  weighing-bottle  2  Cc.  of  Sul- 
phurous Acid  and  weigh  accurately.  To  this  add  50  Cc.  of  tenth-normal  iodine  V.S., 
and  allow  it  to  stand  for  five  minutes,  then  slowly  add  tenth-normal  sodium  thio- 
sulphate V.S.  until  the  mixture  is  just  decolorized.  Subtract  the  number  of  cubic 
centimeters  of  the  tenth-normal  sodium  thiosulphate  V.S.  used  from  50,  and  multi- 
ply the  difference  by  0.318,  and  divide  this  product  by  the  weight  of  the  Acid  taken; 
the  quotient  represents  the  percentage  of  absolute  Sulphurous  Acid  in  the  latter. 

Sodium  Bisulphite. — If  to  50  Cc.  of  tenth-normal  iodine  V.S.,  measured  from  a 
burette  into  a  glass-stoppered  vial  (of  about  100-Cc.  capacity),  0.25  Gm.  of  finely 
powdered  crystals  of  Sodium  Bisulphite  be  added,  the  solution  allowed  to  stand  for 
about  an  hour,  and  shaken  at  frequent  intervals,  then  the  addition  of  not  more  than 
6.45  Cc.  of  tenth-normal  sodium  thiosulphate  V.S.  should  be  required  to  decolorize 
the  solution. 

Sodium  Sulphite,  like  assay  for  sodium  bisulphite,  except  0.5  Gm.  substance  plus 
50  Cc.  y'ijn  iodine  solution  takes  11.65  Cc.  T^^n  thio  solution  to  decolorize. 

Reduced  Iron. — Introduce  about  2.6  Gm.  of  iodine  into  a  100-Cc.  flask  and  weigh 
accurately,  then  add  6  Cc.  of  water,  2  Gm.  of  potassium  iodide,  and  0.555  Gm.  of 
Reduced  Iron.  Securely  stopper  the  flask,  and,  after  thoroughly  mixing  the  contents 
by  rotating  the  flask,  set  it  aside  for  one  hour.  Then  dilute  the  contents  with  suf- 
ficient distilled  water  to  make  the  liquid  measure  exactly  100  Cc,  mix  well,  and  to 
25  Cc.  of  this  solution  slowly  add  tenth-normal  sodium  thiosulphate  V.S.,  with  con- 
stant stirring,  until  the  last  trace  of  brown  color  has  been  discharged.  Divide  the 
weight  of  iodine  taken  by  0.02518,  and  subtract  from  the  quotient  twice  the  number 
of  Cc.  of  tenth-normal  sodium  thiosulphate  V.S.  used;  the  remainder  represents  the 
percentage  of  metallic  iron  present  in  the  Reduced  Iron,  and  this  should  not  be  less 
than  90  per  cent. 

Note. — The  percentage  purity  of  the  iodine  employed  should  be  accurately 
determined  by  a  previous  experiment,  and  in  place  of  the  2.6  Gm.  above  directed, 
its  equivalent  in  pure  (100  per  cent.)  iodine  may  be  taken. 

Arsenic  Trioxide. — If  0.1  Gm.  of  Arsenic  Trioxide  be  dissolved,  together  with  1 
Gm.  of  sodium  bicarbonate,  in  20  Cc.  of  water,  by  the  aid  of  a  gentle  heat,  it  should 
decolorize  not  less  than  20.3  (20.32)  Cc.  of  tenth-normal  iodine  V.S.  (corresponding 
to  at  least  99.8  per  cent,  of  pure  Arsenic  Trioxide). 

Solution  of  Arserurus  Acid. — See  p.  183. 

Solution  of  Potassium  Arsenite. — If  24.6  Gm.  of  Solution  of  Potassium  Arsenite 
be  diluted  with  water  to  100  Cc,  the  mixture  very  slightly  acidified  with  diluted 
hydrochloric  acid,  and  then  made  alkaline  with  2  Gm.  of  sodium  bicarbonate,  it 
should  require  not  less  than  50  Cc.  of  tenth-normal  iodine  V.S.  to  produce  a  permanent 
yellow  tint  (corresponding  to  1  Gm.  of  arsenic  trioxide  in  100  Gm.  of  the  Solution). 

Arsenous  Iodide. — If  0.5  Gm.  of  Arsenous  Iodide  and  2  Gm.  of  sodium  bicarbonate 
be  dissolved  in  50  Cc.  of  water,  not  less  than  21.9  Cc.  of  tenth-normal  iodine  V.S. 
should  be  required  to  impart  a  slight  yellow  tint  to  the  solution. 

Antimony  and  Potassium  Tartrate. — If  1  Gm.  of  Antimony  and  Potassium  Tar- 
trate be  dissolved  in  sufficient  water  to  measure  100  Cc,  then  33  Cc.  (32.99  Cc.) 
of  this  solution  should,  after  the  addition  of  20  Cc.  of  a  cold  saturated  aqueous  solu- 
tion of  sodium  bicarbonate  and  a  little  starch  T.S.,  require  not  less  than  19.9  Cc. 
of  tenth-normal  iodine  V.S.  to  produce  a  permanent  blue  color  (each  Cc.  corresponding 
to  5  per  cent,  of  the  pure  salt).  Titration  should  begin  immediately  after  the  addition 
of  the  sodium  bicarbonate  solution. 

OFFICIAL   OXIDATION    ASSAYS    WITH    TENTH-NORMAL   SODIUM    THIOSUL- 
PHATE V.S. 

Chlorinated  Lime. — Introduce  into  a  stoppered  weighing-bottle  between  3  and  4 
Gm.  of  Chlorinated  Lime  and  weigh  accvirately;  triturate  this  thoroughly  with  50  Cc. 
of  water,  transfer  the  mixture  to  a  graduated  vessel,  together  with  the  rinsings,  and 
add  sufficient  water  to  make  1000  Cc.  After  thoroughly  shaking,  add  to  100  Cc. 
of  the  mixture  1  Gm.  of  potassium  iodide,  5  Cc.  of  diluted  hydrochloric  acid,  and 
sufficient  tenth-normal  sodium  thiosulphate  V.S.  for  complete  decolorization.    Multi- 
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ply  the  number  of  Cc.  of  tenth-normal  sodium  thiosulphate  V.S.  consumed  by  0.3518, 
and  divide  this  product  by  one-tenth  of  the  weight  of  the  Chlorinated  Lime  taken; 
the  quotient  represents  the  percentage  of  available  chlorine  present. 

Solution  of  Chlorinated  Soda. — If  7  Gm.  of  the  Solution  be  mixed  with  50  Cc.  of 
water,  and  2  Gm.  of  potassium  iodide  and  10  Cc.  of  hydrochloric  acid  be  added,  not 
less  than  48  Cc.  of  tenth-normal  sodium  thiosulphate  V.S.  should  be  required  to  dis- 
charge the  final  yellow  color  of  the  liquid  (each  Cc.  of  the  tenth-normal  sodium  thio- 
sulphate V.S.  corresponding  to  0.05  per  cent,  of  available  chlorine). 

Chromium  Trioxide. — If  1  Gm.  of  Chromium  Trioxide  be  dissolved  in  100  Cc.  of 
water,  then  8.3  (8.28)  Cc.  of  this  solution,  when  measured  into  a  glass-stoppered 
bottle  (of  about  200-Cc.  capacity),  mixed  with  2  Cc.  of  hydrochloric  acid  and  about 
1  Gm.  of  potassium  iodide,  after  securely  closing  and  shaking  for  a  few  minutes, 
should  require,  after  diluting  with  100  Cc.  of  water  and  adding  5  Cc.  of  starch  T.S., 
not  less  than  22.5  Cc.  of  tenth-normal  sodium  thiosulphate  V.S.  to  change  the  deep 
blue  color  to  a  light  green  (each  Cc.  of  the  tenth-normal  sodium  thiosulphate  V.S. 
indicating  4  per  cent,  of  pure  Chromium  Trioxide). 

Ferric  Chloride. — If  1  Gm.  of  dry  Ferric  Chloride  be  dissolved  in  sufficient  water 
to  measure  100  Cc,  then  55.5  Cc.  of  this  solution,  when  measured  into  a  glass-stop- 
pered flask  of  the  capacity  of  about  250  Cc,  followed  by  3  Cc.  of  hydrochloric  acid 
and  2  Gm.  of  potassium  iodide,  should,  after  securely  stoppering  the  flask  and  heating 
for  half  an  hour  at  40°  C.  (104°  F.),  and  cooling,  require  not  less  than  22  Cc  of  tenth- 
normal sodium  thiosulphate  V.S.  for  complete  decolorization  (each  Cc.  of  the  tenth- 
normal sodium  thiosulphate  V.S.  indicating  1  per  cent,  of  metallic  iron). 

Similar  to  the  assay  for  ferric  chloride  are  the  assays  for  the  other  official  ferric 
salts,  the  differences  being  presented  below  in  tabulated  form: 


Ieon  Salt. 


Solution  of  ferric 
chloride. 

Tincture  of  ferric 
chloride. 


Amount  Substance 
Used  in  Assay. 


Amount  Amount  Amount      Starch 
Water       HCl  KI  Paste 

Used.         Used.       Used.        Used. 


Ferric  am/mo- 

nium  sulphate. 
Solution  of  ferric  1.11  Gm 

sulphate. 
Solution  of  ferric 

subsulphate. 


11.1  Cc.  of  a  dilution  of  10  Cc 
10  Gm.  to  water  q.s. 
100  Cc. 

Evaporate  2.22  Gm.  to  10  Cc 
dryness,  add  2  Cc.  hy- 
drochloric acid  and  5 
Cc.  solution  of  hydro- 
gen dioxide,  evapor- 
ate, and  dissolve  resi- 
due in  water  10  Cc. 

0.555  Gm. 


2Cc. 
ICc. 


1  Gm.       Few  drops. 
1  Gm.       "Little." 


Cc.     An    Thio 
V.S.  Required 
TO  Decolor- 
ize. 
At  least  20  Cc. 


At  least  18.3  Cc. 


Iron  and  am- 
monium tartrate. 

Iron   and   potas- 
sium tartrate. 

Ferric  citrate. 

Iron  and  ammo- 
nium citrate. 

Iron  and  quinine 
citrate. 

Soluble  iron  and 
quinine  dtraie. 


11.1  Cc.  of  a  dilution  of  10  Cc 
10  Gm.  to  water    q.s 

100  Cc. 
0.555  Gm. 


Iron  and  strych- 
nine citrate. 


Soluble  ferric 

phosphate. 
Soluble  ferric 

pyrophosphate. 


0.555  Gm. 

0.555  Gm. 
0.555  Gm. 

Remove  quinine  from 
1.11  Gm.  substance 
by  dissolving  in  20  Cc. 
water,  adding  5  Cc. 
ammonia  water,  and 
shaking  out  with  chlo- 
roform; heat  resid- 
ual liquid  on  water- 
bath  to  remove  last 
traces  of  chloroform 
and  ammonia;  dilute 
to  50  Cc.  and  use  25 
Cc.  of  the  dilution. 

Prepared  like  iron  and 
qumine  citrate,  only 
start  with  4.44  Gm. 
substance,  dilute  to 
100Cc.,anduse25Cc. 
of  the  dilution. 

0.555  Gm. 

0.555  Gm. 


15  Cc. 

2Cc. 

1  Gm. 

None. 

At  least  11.5  Cc. 

15  Cc. 

2Cc. 

1  Gm. 

Few  drops. 

At  least  20  Cc. 

10  Cc. 

2Cc. 

1  Gm. 

Few  drops. 

At  least  27.2  Cc. 

15  Cc. 

2Cc. 

1  Gm. 

Yes. 

At  least  13  Cc. 

15  Cc. 

2Cc. 

1  Gm. 

Yes. 

At  least  15  Cc. 

15  Cc. 
15  Cc. 

2Cc. 
2Cc. 

1  Gm. 
1  Gm. 

Yes. 
Yes. 

At  least  16  Cc. 
At  least  16  Cc. 

..3Cc. 

1  Gm. 

Yes. 

At  least  13.5  Cc. 

.4Cc. 


1  Gm.      Yes. 


10  Cc. 
10  Cc. 


2Cc. 
2Cc. 


1  Gm. 
1  Gm. 


No. 
No. 


At  least  32  Cc. 


At  least  12  Cc. 
At  least  10  Cc. 
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OXIDATION   ASSAYS  WITH  TENTH-NORMAL   POTASSIUM  PERMANGANATE 

V.S. 

We  have  already  learned  (p.  384)  that  potassium  permanganate 
is  a  powerful  oxidizer,  and  that  a  solution  in  the  process  of  oxidation 
loses  its  characteristic  purple  or  rose  tint — becomes  decolorized. 
This  phenomenon,  employed  in  the  volumetric  estimation  of  oxidiza- 
ble  substances,  to  known  quantities  of  such  substances  being  added 
volumetric  solution  of  potassium  permanganate  until  a  permanent 
pink  tint  ensues.  In  other  cases  advantage  is  taken  of  the  fact  that 
oxalic  acid  decolorizes  potassium  permanganate,  and  by  mixing 
chemicals  that  react  with  oxalic  acid  with  a  known  quantity  of 
volumetric  solution  of  that  acid  and  titrating  the  excess  of  the  acid 
with  permanganate,  the  quantity  of  acid  used  in  combining  with  the 
particular  chemical  can  be  deduced  and  the  amount  of  the  chemical 
calculated. 

Before  discussing  the  arithmetic  of  such  calculation  it  may  be 
well  to  give  the  official  method  of  making  decinormal  permanganate 
solution: 

TENTH-NORMAL  POTASSIUM  PERMANGANATE  VOLUMETRIC  SOLUTION 

2KMnO,  =  313.96.  3.1396  Gm.i  in  1000  Cc. 

Introduce  about  3.3  Gm.  of  pure,  crystallized  potassium  permanganate  [Potassii 
Permanganas,  U.  S.  P.]  into  a  flask,  add  1000  Cc.  of  distilled  water,  and  boil  for  about 
five  minutes.  Close  the  flask  with  a  plug  of  absorbent  cotton,  and  set  aside  for  at  least 
two  days,  so  that  suspended  matter  may  deposit.  After  the  lapse  of  this  time,  pour 
off  the  clear  portion  of  the  solution  into  a  glass-stoppered  bottle. 

The  water  to  be  employed  for  diluting  this  solution  (which  is  still  too  concen- 
trated) should  be  prepared  as  directed  under  Distilled  Water  [Aqua  DestUlata,  U.  S. 
P.],  adding,  however,  about  1  Gm.  of  potassium  permanganate  to  the  water  in  the 
retort  before  beginning  the  distillation. 

I.  Introduce  into  a  flask  10  Cc.  of  an  accurately  standardized  tenth-normal 
oxalic  acid  V.S.,  add  1  Cc.  of  pure  concentrated  sulphuric  acid,  and  before  this  mix- 
ture cools,  gradually  add,  from  a  burette  provided  with  a  glass  stop-cock,  small 
quantities  of  the  permanganate  solution  to  be  standardized,  shaking  the  flask  after 
each  addition  and  reducing  the  flow  to  drops  toward  the  end  of  the  operation.  When 
the  last  drop  of  the  permanganate  solution  added  is  no  longer  decolorized,  but  imparts 
a  pinkish  tint  to  the  liquid,  which  remains  permanent  for  one-half  minute,  note  the 
number  of  Cc.  consumed,  and  then  dilute  the  trial  permanganate  solution  with  the 
specially  prepared  distilled  water  so  that  it  will  correspond,  volume  for  volume, 
at  25°  C.  (77°  F.),  with  the  tenth-normal  oxalic  acid  V.S.  (note  example  under  II.). 

II.  Tenth-normal  potassium  permanganate  V.S.  may  also  be  standardized  as 
follows: 

To  a  solution  of  about  1  Gm.  of  potassium  iodide  [Potassii  lodidum,  U.  S.  P.],  in 
10  Cc.  of  diluted  sulphuric  acid,  contained  in  a  flask,  add,  from  a  burette  provided 
with  a  glass  stop-cock,  20  Cc.  of  the  potassium  permanganate  solution  to  be  stand- 
ardized; then  dilute  the  mixture  at  once  with  about  200  Cc.  of  distilled  water.  An 
accurately  standardized  tenth-normal  sodium  thiosulphate  V.S.  is  then  slowly 
added  from  a  burette,  while  the  mixture  is  vigorously  shaken,  until  the  color  is  dis- 
charged. Note  the  number  of  Cc.  of  the  latter  consumed,  then  dilute  the  perman- 
ganate solution  so  that  equal  volumes  of  the  two  solutions  correspond  to  each  other 
under  the  same  conditions  at  25°  C.  (77°  F.). 

Example. — Assuming  that  25  Cc.  of  the  tenth-normal  sodium  thiosulphate 
V.S.  were  required  to  decolorize  the  liberated  iodine  of  the  mixture,  then  each  20  Cc. 
of  the  potassium  permanganate  solution  must  be  diluted  with  the  specially  prepared 
distilled  water  to  25  Cc,  or  the  whole  of  the  remaining  solution  in  the  same  proportion. 
Thus,  if  920  Cc.  remain,  it  should  be  diluted  to  measure  1.150  Cc.  at  25°  C.  (77°  F.). 

After  the  potassium  permanganate  solution  is  thus  diluted,  a  new  trial  should 
be  made  in  the  manner  above  described,  in  which  20  Cc.  of  this  solution  should  require 

1  The  exact  quantity  is  never  weighed,  but  the  solution  is  adjusted  directly  by 
oxalic  acid  or  indirectly  with  sodium  thiosulphate. 
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exactly  20  Cc.  of  the  tenth-normal  sodium  thiosulphate  V.S.  to  decolorize  the  mixture. 
If  necessary,  a  new  adjustment  should  be  made  to  render  the  correspondence  perfect. 

Note. — When  potassium  permanganate  V.S.  is  to  be  prepared  for  immediate 
use,  this  may  be  done  as  follows:  Dissolve  about  3.3  Gm.  of  pure  crystallized  potas- 
sium permanganate  in  1000  Cc.  of  recently  boiled  and  cooled  pure  water.  This  is 
then  standardized  by  either  of  the  above  methods  and  diluted  accordingly  with 
recently  boiled  and  cooled  pure  water.  Potassium  permanganate  V.S.  made  by  this 
method  without  the  preliminary  boiling  and  standing  deteriorates  readily,  hence 
should  be  verified  each  time  it  is  used. 

Potassium  permanganate  V.S.  should  be  kept  in  weU-closed  glass-stoppered 
bottles,  and  only  burettes  provided  with  glass  stop-cocks  should  be  employed  in 
titrating  with  it.  Even  when  properly  prepared  and  preserved,  this  solution  should 
be  restandardized  frequently. 

One  Cubic  Centimeter  of  Tenth-Normal  Potassium  Permanganate  V.S.  is  the  equivalent 

of: 

Gramme. 

Potassium  Permanganate,  KMnO^ 0.0031396 

Calcium  Oxide,  CaO  (as  oxalate) 0.002784 

Iron,  Fe,  in  ferrous  compounds 0.005550 

Ferrous  Carbonate,  FeCOj 0.011505 

Ferrous  Oxide,  FeO 0.007138 

Ferrous  Sulphate,  anhydrous,  FeS04 0.015085 

Ferrous  Sulphate,  crystals,  FeS04  +  7H20 0.027601 

Ferrous  Sulphate,  dried,  2FeS0,-h3H20 0.017767 

Hydrogen  Dioxide,  H2O2 0.001688 

Oxahc  Acid,  crystallized,  H2C2O4 -I- 2H2O 0.006255 

Oxygen,  O 0.000794 

Sodium  Nitrite,  NaN02 0.0034285 

It  will  be  seen  from  the  above  recipe  that  the  potassium  permanga- 
nate solution  is  standardized  by  two  methods — the  one,  the  oxalic  acid 
process  outlined  above;  the  other,  by  utilizing  the  property,  possessed 
by  permanganate  in  common  with  all  other  oxidizing  agents,  of 
liberating  iodine  from  potassium  iodide,  estimating  the  amount  of 
freed  iodine  with  sodium  thiosulphate  solution.  As  this  latter  process 
has  just  been  explained  (p.  1000),  we  will  proceed  forthwith  to  the 
estimation  of  permanganate  with  oxalic  acid. 

The  reaction  of  this  combination  is  as  follows : 

2KMnO,  -I-  5H2C20,2H20  -I-  SHjSO,  =  K2SO,  +  2MnS0,  -1-  lOCO,  -1-  18Hfi 
2X156.98         5X125.1 
or  313.96         or  625.5 

It  will  be  seen  from  this  equation  that  625.5  Gm.  oxalic  acid 

decolorizes  313.96  Gm.  potassium  permanganate,  and  since  1  liter 

(1000  Cc.)  decinormal  oxalic  acid  contains  6.225  Gm.  of  the  acid, 

then    a   liter    of   decinormal    permanganate    solution    must    contain 

6.255 
„^  '-^^X313.96,  or  3.1396  Gm.  absolute  permanganate. 

At  first  glance  it  seems  erroneous  to  call  the  permanganate  solution 
containing  in  a  liter  the  number  of  grammes  equivalent  to  one-fiftieth 
its  molecular  weight  a  decinormal  solution,  and  it  might  here  be 
stated  that  this  conception  is  hard  to  comprehend  unless  we  adopt 
the  double  formula  of  permanganate,  KjMnjOg.  If  we  take  this  double 
formula  to  express  one  molecule;  if  we  appreciate  that  KjMnjOg 
liberates  5  atoms  oxygen  in  oxidation,  viz., 

K2Mn208     +     SHjSO^     =     2MnS0,     -I-     K^SO,     +     3H,0     +     O^; 
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if  we  appreciate  that  this  liberation  of  five  atoms  of  oxygen  really 
means  combination  of  ten  atoms  of  hydrogen,  viz., 

lOH     +     50     =     SH^O, 

and,  lastly,  if  we  remember  that  the  foundation  of  the  arithmetic  of 
volumetric  testing  is  the  quantity  of  substance  that  combines  with  or 
replaces  one  atom  of  hydrogen,  we  will  see  that  the  true  normal  solution 
of  permanganate  contains  the  amount  with  which  one  atom  of  hydro- 
gen will  combine — that  is,  ^  of  313.96 — and  that  the  decinormal 
solution  must  contain  in  1  liter  y^^  of  313.96  Gm. 

That  this  reasoning  is  sound  is  proved  by  the  fact  that  a  decinormal 
solution  containing  3.13  Gm.  permanganate  to  the  liter  combines  with 
equal  volumes  of  other  decinormal  solutions,  such  as  ^n  oxalic  acid 
V.S.,  and  in  the  second  process  of  standardization,  ^^n  thiosulphate 
V.S. 

Referring  to  the  table  given  above,  showing  the  equivalent  values 
of  one  cubic  centimeter  of  ^^^n  permanganate,  we  find  that  while 
^n  KjMujOg  equals  as  many  milligrammes  of  permanganate  as  its 
molecular  weight  divided  by  100,  1  Cc.  represents  of  the  ferrous  salts 
and  hydrogen  dioxide  as  many  milligrammes  as  the  molecular  weight 
in  each  case  divided  by  10;  while  with  the  substances,  calcium  oxide, 
oxalic  acid,  and  sodium  nitrite,  1  Cc.  of  ^n  permanganate  represents 
as  many  milligrammes  as  the  molecular  weight  divided  by  20.  These 
can  be  best  explained  by  a  typical  equation  from  each  class: 

(a)  lOFeSO.THjO  +  K^Mn^Os  +  SH^SO,  =  SFe^CSOJj  +  2MnS0,  +  K^SO,  +  15HjO. 
10  X  276.01        313.88 

or  2760.1 

We  see  that  313.88      Gm.  KMn04  =  2760.1        Gm.  FeSOJH^O. 
3.1388  Gm.  KMnO, 
or  1000  Cc.    xV  n  KMnO^  =      27.601    Gm.  FeSO,7H20. 
and  that  1  Cc.    yV  n  KMnO,  =        0.0276  Gm.  FeSOJH^O. 

(b)  SNaNOj  +  K^Mn^O,  +  SH^SO,  =  5KNO3  +  2MnS0,  +  K^SO,  +  BH^O 
5X68.57       313.88 

or  342.85 

We  see  that  313.88      Gm.  KMnO,  =  342.85  Gm.  NaNO^ 

3.1388  Gm.  KMnO^ 
or  1000  Cc.   tV  n    KMnO,  =      3.4285        Gm.  NaNOj 
and  that  1  Cc.  ^V  n    KMnO,  =      0.0034285  Gm.  NaNOa- 

That  is,  while  chemicals  of  the  type  "a"  in  oxidizing  take  up  one 
atom  of  oxygen  to  every  two  molecules  of  the  oxidized  chemical,, 
chemicals  of  type  "6"  combine  with  oxygen  in  the  proportion  of  one 
atom  of  oxygen  to  each  molecule. 

It  will,  of  course,  be  remembered  that  one  molecule  KjMnjO^ 
yields  five  atoms  of  oxygen,  and  these  five  atoms  combine  with  ten 
molecules  of  chemicals  of  type  "a"  and  with  five  molecules  of  chemicals 
of  type  "b." 

OFFICIAL    ASSAYS  MADE  WITH  TENTH-NORMAL  POTASSIUM  PERMANGAN- 
ATE V.  S. 

Solution  of  Hydrogen  Dioxide. — Dilute  10  Cc.  of  the  Solution  with  sufficient  dis- 
tilled water  to  measure  100  Cc.    Transfer  16.9  Cc.  of  this  liquid  (containing  1.69  Cc. 
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of  the  Solution)  to  a  beaker,  add  5  Cc.  of  diluted  sulphuric  acid,  and  then,  from  a  bur- 
ette, slowly  add,  with  constant  stirring,  tenth-normal  potassium  permanganate  V.S. 
until  the  hquid  just  retains  a  faint  pink  tint.  Each  Cc.  of  tenth-normal  potassium 
permanganate  V.S.  consvuned  corresponds  to 0.1  percent,  of  absolute  Hydrogen  Di- 
oxide or  0.329  volume  of  oxygen.  If  the  Solution  be  of  full  strength,  30  Cc.  of 
tenth-normal  potassium  permanganate  V.S.  will  be  required. 

This  reaction  dififers  from  either  equation  given  on  the  previous 
page,  inasmuch  as  both  hydrogen  dioxide  and  permanganate  liberate 
oxygen,  which  passes  off  as  gas,  as  shown  in  the  following  equation: 

SH^Oa  -1-  KjMn^Og  +  SH^SO,  =  5O3   +  K^SO^  +  2MnS0,  -t-  SH^O. 

Ferroiis  Sulphate. — If  1.38  Gm.  of  the  salt,  in  uneffloresced  crystals,  be  dissolved 
in  about  25  Cc.  of  diluted  sulphuric  acid,  not  less  than  49.75  Cc.  of  tenth-normal 
potassium  permanganate  V.S.  should  be  required  to  impart  to  the  liquid  a  permanent 
pink  color  (each  Cc.  of  the  tenth-normal  potassium  permanganate  V.S.  indicating 
2  per  cent,  of  crystallized  Ferrous  Sulphate). 

In  the  two  following  assays  oxalic  acid  acts  on  the  chemical  and 
the  excess  of  oxalic  acid  is  then  estimated  with  permanganate: 

Precipitated  Manganese  Dioxide. — If  0.2  Gm.  of  Precipitated  Manganese  Dioxide 
be  dissolved  in  a  mixture  of  50  Cc.  of  tenth-normal  oxahc  acid  V.S.  and  3  Cc.  of  sul- 
phuric acid  contained  in  a  flask  and  heated  on  a  water-bath,  the  resulting  solution, 
after  dilution  with  100  Cc.  of  warm  water,  should  require  the  addition  of  not  more 
than  13  (12.95)  Cc.  of  tenth-normal  potassium  permanganate  V.S.  to  produce  a  slight 
pink  tint  (corresponding  to  not  less  than  80  per  cent,  of  pure  Manganese  Dioxide). 

Solution  of  Lead  Subacetate. — If  10  Gm.  of  the  Solution  be  diluted  with  dis- 
tilled water,  which  has  been  previously  boiled  and  cooled,  to  measure  100  Cc,  and 
13.6  (13.594)  Cc.  of  this  be  added  to  35  Cc.  of  tenth-normal  oxahc  acid  V.S.,  contained 
in  a  graduated  cyUnder,  and,  after  thoroughly  shaking,  the  mixture  be  diluted  with 
distilled  water  to  measure  50  Cc,  and  agam  well  shaken,  then,  after  the  precipitate 
has  settled,  10  Cc.  of  the  clear  solution,  after  diluting  with  about  50  Cc.  of  water  and 
adding  5  Cc.  of  sulphuric  acid,  should  require  not  more  than  2  Cc.  of  tenth-normal 
potassium  permanganate  V.S.  to  produce  a  permanent  pink  tint  (each  Cc.  of  tenth- 
normal oxalic  acid  V.S.  required  for  the  precipitation  of  the  13.6  Cc.  of  the  diluted 
Solution  corresponding  to  1  per  cent,  of  Lead  Subacetiate). 

In  the  following  assays  the  titration  is  with  tenth-normal  oxalic 
acid  V.S.  until  the  pink  color  of  the  permanganate  is  changed: 

Sodium  Nitrite. — If  to  30  Cc.  of  tenth-normal  potassium  permanganate  V.S., 
diluted  with  about  150  Cc.  of  distilled  water,  5  Cc.  of  sulphuric  acid  and  10  Cc.  of  a 
solution  of  1  Gm.  of  Sodium  Nitrite  in  sufficient  distilled  water  to  make  100  Cc.  be 
successively  added,  the  Uquid  brought  to  a  temperature  of  40°  C.  (104°  F.),  and  al- 
lowed to  stand  for  five  minutes,  not  more  than  3.75  Cc.  of  tenth-normal  oxalic  acid 
V.S.  should  be  required  to  decolorize  the  solution  (each  Cc  of  tenth-normal  potas- 
sium permanganate  consumed  corresponding  to  0.0034285  Gm.  of  pure  Sodium 
Nitrite). 

Potassium  Permanganate. — If  0.1  Gm.  of  Potassium  Permanganate  be  dissolved 
in  about  100  Cc.  of  hot  distilled  water,  to  which  1  Cc.  of  sulphuric  acid  has  previously 
been  added,  the  solution  should  require  for  complete  decolorization  not  less  than  31.5 
Cc.  of  tenth-normal  oxalic  acid  V.S. 

OXIDATION  ASSAYS  VITH  TENTH-NORMAL  POTASSIUM  DICHROi«LATE  V.S. 

As  the  operation  is  so  closely  similar  to  assaying  with  potassium 
permanganate,  and  as  only  one  official  chemical  is  directed  to  be  tested 
by  this  method,  we  need  not  take  much  time  for  its  discussion. 

All  that  is  necessary  to  state  is  that  the  oxidation  with  dichromate 

fi4 
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is  limited  to  ferrous  salts  and  to  the  liberation  of  iodine  from  potassium 
iodide  in  standardizing  sodium  thiosulphate  V.S.  Further,  that  the 
oxidizing  action  of  dichromate  is  that  shown  in  the  following  typical 
equation: 

K^Cr^Oj     +     4H3SO,     =     KjSO,     +     Cr2(S04)3     +     4H2O     +     O3. 

In  other  words,  while  two  molecules  nitric  acid  in  oxidation  proc- 
esses give  three  atoms  of  oxygen  (see  p.  420),  one  molecule  dichromate 
gives  three  atoms  of  oxygen  also.  Hence  when  dichromate  can  be 
substituted  for  nitric  acid  in  oxidations,  one  molecule  does  the  work 
of  two  molecules  of  acid. 

Since  one  molecule  KjCrjOy  yields  three  atoms  of  oxygen,  one 
molecule  KjCrjOy  is  the  equivalent  of  six  atoms  of  hydrogen;  hence 
normal  potassium  dichromate  solution  would  contain  in  1000  Cc.  as 
many  grammes  KjCrjO^  as  the  molecular  weight  (292.28)  divided  by  6: 
that  is,  48.713  Gm.  Therefore  decinormal  dichromate  V.S.  contains 
4.8713  Gm.  KjCrjO,  to  the  liter,  as  is  shown  in  the  pharmacopoeial 
recipe  given  below. 

TENTH-NORMAL  POTASSIUM  DICHROMATE  VOLUMETRIC  SOLUTION 

KjCr^O,  =  292.28.  4.8713  Gm.  in  1000  Cc. 

Dissolve  4.8713  Gm.  of  pure  potassium  dichromate,  which  has  been  pulverized 
and  dried  at  120°  C.  (248°  F.),  in  sufficient  water  to  measure,  at  25°  C.  (77°  F.), 
exactly  1000  Cc. 

When  used  with  phenolphthalein  as  indicator  to  neutralize  alkalis,  the  volu- 
metric solution  of  potassium  dichromate  is  tenth-normal  when  it  contains  14.614 
Gm.  in  1000  Cc.  It  is  then  the  exact  equivalent  of  any  tenth-normal  acid  V.S.,  each 
Cc.  being  equivalent  to  the  amounts  of  alkalis  quoted  under  such  acids. 

When  used  as  an  oxidizing  agent  to  convert  ferrous  into  ferric  salts,  or  to  liberate 
iodine  from  potassium  iodide,  the  solution  just  mentioned  (containing  14.614  Gm. 

in  1000  Cc.)  has  the  effect  of  a  -—  volumetric  solution,  and  a  solution  of  one-third 

of  this  strength,  containing  4.8713  Gm.  in  1000  Cc,  has  the  value  of  a  tenth-normal 
solution,  and  is  the  equivalent  of  an  equal  volume  of  tenth-normal  potassium  per- 
manganate V.S.,  or,  in  the  case  of  iodine  liberated  from  potassium  iodide,  it  is  the 
equivalent  of  an  equal  volume  of  tenth-normal  sodium  thiosulphate  V.S.  For  titrat- 
ing iron  in  ferrous  compounds,  it  is  used  in  the  following  manner:  Introduce  the 
aqueous  solution  of  the  ferrous  salt  into  a  flask  and,  if  it  is  not  already  acid,  render 
it  so  with  sulphuric  acid.  Now  add,  gradually,  tenth-normal  potassium  dichromate 
V.S.  from  a  burette,  with  agitation,  until  a  drop  taken  out  upon  a  white  surface  no 
longer  becomes  blue  when  mixed  with  a  drop  of  freshly  prepared  potassium  ferri- 
cyanide  T.S. 

Tenth-normal  potassium  dichromate  V.S.  may  also  be  used,  in  conjunction  with 
potassium  iodide  (from  which  it  liberates  iodine)  and  sulphuric  acid,  for  adjusting 
the  titer  of  sodium  thiosulphate  V.S.  and  thus  that  of  the  iodine  V.S. 

One  Cubic  Centimeter  of  Tenth-Normal  Potassium  Dichromate  V.S.  h  the  equivalent  of: 

Gramme. 

Potassium  Dichromate,  KjCr^Oj 0.0048713 

Iron,  Fe,  in  ferrous  compounds 0.00555 

Ferrous  Carbonate,  FeCOj 0.011505 

Ferrous  Sulphate,  anhydrous,  FeS04 0.015085 

Ferrous  Sulphate,  crystalhzed,  FeSO,  +  7HjO 0.027601 

Ferrous  Sulphate,  dried,  2FeSO,  +  3H20. 0.017767 

Sodium  Thiosulphate,  Na2S203  +  5HjO 0.024646 
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OFFICIAL    ASSAY  MADE  WITH  TENTH-NORMAL  POTASSIUM  DICHROMATE 

V.S. 

Saccharated  Ferrous  Carbonate. — If  1.15  Gm.  of  Saccharated  Ferrous  Carbonate 
be  dissolved  in  10  Cc.  of  diluted  sulphuric  acid  (1  to  5),  and  the  solution  diluted  with 
water  to  about  100  Cc,  it  should  require  not  less  than  15  Cc.  of  tenth-normal  potas- 
sium dichromate  V.S.  for  complete  oxidation,  potassium  ferricyanide  T.S.  being  used 
as  indicator  (corresponding  to  not  less  than  15  per  cent,  of  ferrous  carbonate). 

VOLUMETRIC   ASSAYS   WITH  SILVER  NITRATE,  POTASSIUM  SULPHOCYAN- 
ATE,  AND  SODIUM  CHLORIDE 

This  class  of  assays  is  based  either  on  the  ability  of  silver  nitrate 
to  precipitate  in  definite  proportions  with  the  halogens,  as  shown  in 
the  following  equation: 

AgNOa     +     NaCl     =     AgCl     +     NaNO,, 
118.69  58.06 


or  with  potassium  sulphocyanate,  viz., 


AgNO,     +     KSCN     =     AgSCN     +     KNO,. 
168.69  96.53 

From  the  above  equations  and  appended  molecular  weights  we 
see  that  168.69  Gm.  AgNOg^  58.06  Gm.  NaCl, 
and  that  168.69  Gm.  AgNO  =96.53  Gm.  KSCN. 

Since  jVn  AgNOg  V.S.  contains  16.869  Gm.  AgNOg  to  1000  Cc, 
and  -iVn  AgNOg  V.S.  contains    0.016869  Gm.  AgNOg  to  1  Cc, 
therefore  1  Cc.  ^n  AgNOg  V.S.  =0.005806  Gm.  NaCl 
and  1  Cc  j\n  AgNOg  V.S.  =0.009653  Gm.  KSCN. 

As  fully  explained  below,  the  indicator  used  when  assaying  halogens 
with  silver  nitrate  is  potassium  chromate,  it  striking  a  red,  permanent 
tint  (silver  chromate)  only  after  the  addition  of  just  enough  silver 
nitrate  completely  to  precipitate  the  halogen.  When  testing  with 
sulphocyanate,  ferric  alum  is  used  as  indicator,  it  forming  red  ferric 
sulphocyanate  only  after  all  the  silver  is  precipitated. 

The  preparation  of  the  three  volumetric  solutions  is  given  below: 

TENTH-NORMAL  SILVER  NITRATE  VOLUMETRIC  SOLUTION 
AgN03  =  168.69.  16.869  Gm.  in  1000  Cc. 

Dissolve  16.869  Gm.  of  silver  nitrate  [Argenti  Nitras,  U.  S.  P.],  which,  previous 
to  weighing,  has  been  pulverized  and  dried  in  a  covered  porcelain  crucible  in  an  air- 
bath  at  130°  C.  (266°  F.)  for  one  hour,  in  sufficient  water  to  measure,  at  25°  C.  (77° 
F.),  exactly  1000  Cc. 

Keep  the  solution  in  dark  amber-colored,  glass-stoppered  vials,  carefully  pro- 
tected from  dust  and  sunlight. 

Note. — Titration  by  tenth-normal  silver  nitrate  V.S.  may  be  conducted  in 
various  ways,  adapted  to  the  special  preparation  to  be  tested: 

a.  The  Titration  of  Soluble  Chlorides  and  Bromides. — To  the  solution  of  an  ac- 
curately weighed  quantity  of  the  salt,  contained  in  either  a  porcelain  dish  or  a  flask 
placed  on  a  white  surface,  svifficient  potassium  chromate  T.S.  is  added  to  impart 
a  yellow  tint,  then  the  tenth-normal  silver  nitrate  V.S.  is  slowly  added  from  a  burette, 
stirring  or  agitating  constantly  until  the  mixture  acquires  a  permanent  red  tint,  due 
to  the  formation  of  red  silver  chromate.  This  method  is  only  suitable  for  neutral 
solutions. 

b.  The  Titration  of  Free  Hydrobromic,  Hydrochloric,  and  Hydriodic  Acids  or  their 
Salts  in  Add  Solution,  Knoum  as  the  Volhardor  Thiocyanate  (Sulphocyanate)  Method  of 
Residual  Titration. — An  accurately  measured  excess  of  tenth-normal  silver  nitrate 
V.S.  is  added  to  the  solution  of  the  halogen  acid  or  its  salt,  and  then  acidified  with  pure 
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nitric  acid,  and  the  indicator  (ferric  ammonium  sulphate  T.S.)  added;  then  the  un- 
combined  excess  of  the  silver  nitrate  V.S.  is  determined  by  titrating  back  with  tenth- 
normal potassium  sulphocyanate  V.S.,  the  end-reaction  being  the  formation  of  a  per- 
manent pale  reddish-brown  tint  (due  to  ferric  sulphocyanate).  The  volume  of  the 
silver  nitrate  V.S.  originally  added,  less  that  of  the  potassium  sulphocyanate  V.S. 
consumed,  will  give  the  number  of  Cc.  of  the  former  which  were  required  for  the  pre- 
cipitation of  the  halogen.  The  quantity  of  nitric  acid  added  should  be  sufl&cient  to 
remove  the  yellow  color  produced  by  the  addition  of  the  indicator. 

c.  Titration  Till  the  First  Appearance  of  a  Permanent  Precipitate. — This  method 
is  applicable  in  the  estimation  of  the  alkali  cyanides  and  hydrocyanic  acid.  When  the 
solution  is  used  by  this  method  it  is  fifth-normal  instead  of  tenth-normal  solution. 

One  Cubic  Centimeter  of  Tenth-Normxd  Silver  Nitrate  V.S.  is  the  equivalent  of: 

Gramme. 

Silver  Nitrate,  AgNOj ' 0.016869 

AUyl  Iso-thiocyanate,  CS.NC3H5 0.00492 

Ammonium  Bromide,  NH^Br 0.009729 

Ammonium  Chloride,  NH.Cl 0.005311 

Ammonium  Iodide,  NHJ 0.014383 

Bromine,  Br 0.007936 

Calcium  Bromide,  C&Br^ 0.009926 

Chlorine,  CI 0.003518 

Ferrous  Bromide,  anhydrous,  FeBrj, 0.010711 

Ferrous  Iodide,  Ye\ 0.015365 

Hydriodic  Acid,  HI 0.01269 

Hydrobromic  Acid,  HBr 0.008036 

Hydrochloric  Acid,  HCl 0.003618 

Hydrocyanic  Acid,  HCN,  to  first  formation  of  precipitate 0.005368 

Hydrocyanic  Acid,  HCN,  potassium  chromate  as  indicator 0.002684 

Iodine,  I ' 0.01259 

Lithium  Bromide,  LiBr 0.008634 

Potassium  Bromide,  KBr 0.011822 

Potassium  Chloride,  KCl 0.007404 

Potassium  Cyanide,  KCN,  to  first  formation  of  precipitate 0.01294 

Potassium  Iodide,  KI 0.016476 

Potassium  Sulphocyanate,  KSCN 0.009653 

Sodium  Bromide,  NaBr 0.010224 

Sodium  Chloride,  NaCl 0.005806 

Sodium  Iodide,  Nal 0.014878 

Strontium  Bromide,  SrBrj -I-6H2O 0.017647 

Strontium  Iodide,  Srlj  +  6H2O 0.022301 

Zinc  Bromide,  ZnBr^ 0.011181 

Zinc  Chloride,  ZnCl^ 0.006763 

Zinc  Iodide,  Znl^ 0.015835 

TENTH-NORMAL  SODIUM  CHLORIDE  VOLUMETRIC  SOLUTION 
NaCl  =  58.06.  5.806  Gm.  in  1000  Cc. 

Dissolve  5.806  Gm.  of  pure  sodium  chloride  (see  below)  in  sufficient  water  to 
measure,  at  25°  C.  (77°  F.),  exactly  1000  Cc. 

Pure  Sodium  Chloride  may  be  prepared  by  passing  a  current  of  dry  hydrochloric 
acid  gas  into  a  saturated  aqueous  solution  of  the  purest  commercial  sodium  chloride, 
collecting  the  crystalline  precipitate  on  a  filter,  washing  with  a  little  pure  concentrated 
hydrochloric  acid,  draining,  pulverizing,  and  igniting  it  gently  in  a  crucible  heated  to 
low  redness,  to  expel  all  traces  of  free  acid.     Care  should  be  taken  to  avoid  fusion. 

One  Cubic  Centimeter  of  Tenth-Normal  Sodium  Chloride  V.S.  is  the  equivalent  of: 

Gramme. 

Sodium  Chloride,  NaCl 0.005806 

Silver,  Ag 0.010712 

Silver  Nitrate,  AgNOs 0.016869 

Silver  Oxide,  Ag^O 0.011506 
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TENTH-NORMAL  POTASSIUM   SULPHOCYANATE  VOLUMETRIC  SOLUTION 

[Volhard's  Solution] 
KSCN  =  96.53.  9.653  Gm.  in  1000  Cc. 

Dissolve  10  Gm.  of  crystals  of  pure  potassium  sulphocyanate  in  1000  Cc.  of 
water. 

This  solution  is  too  concentrated,  and  has  to  be  adjusted  so  as  to  correspond  in 
strength  exactly  with  tenth-normal  silver  nitrate  V.S.  For  this  purpose,  introduce 
into  a  flask  10  Cc.  of  tenth-normal  silver  nitrate  V.S.,  3  Cc.  of  ferric  ammonium  sul- 

Ehate  T.S.,  and  3  Cc.  of  nitric  acid  (free  from  nitrous  compounds),  and  dilute  the 
quid  with  about  100  Cc.  of  distilled  water.  To  this  mixture  add,  from  a  burette, 
in  small  portions  at  a  time,  the  sulphocyanate  solution.  At  first,  a  white  precipitate  of 
silver  sulphocyanate  appears,  then,  every  drop  falling  from  the  burette  is  surrounded 
by  a  deep  brownish-red  color  produced  by  ferric  sulphocyanate,  which  disappears 
on  vigorous  shaking  of  the  flask  as  long  as  any  of  the  silver  nitrate  remains  unchanged. 
When  all  the  silver  has  been  converted  into  sulphocyanate,  a  single  additional  drop 
of  the  potassium  sulphocyanate  solution  produces  a  brownish-red  color  which  no 
longer  disappears  on  shaking,  but  communicates  a  perceptible  pale  reddish-brown 
tint  to  the  contents  of  the  flask.  Note  the  number  of  Cc.  of  the  potassium  sulpho- 
cyanate solution  used,  and  dilute  the  whole  of  the  remaining  solution  so  that  equal 
volumes  of  this  and  of  the  tenth-normal  silver-nitrate  V.S.,  at  25°  C.  (77°  F.),  will 
be  required  to  produce  the  {permanent  reddish-brown  tint.  (The  same  depth  of 
pale  reddish-brown  tint  to  which  the  volumetric  solution  is  adjusted  must  be  at- 
tained when  the  solution  is  used  for  volumetric  assays.) 

After  the  dilution,  a  new  trial  should  be  made,  in  which  50  Cc.  of  tenth-normal 
silver  nitrate  V.S.,  5  Cc.  of  ferric  ammonium  sulphate  T.S.,  5  Cc.  of  nitric  acid,  and 
200  Cc.  of  water  are  used,  and  there  should  be  required  exactly  50  Cc.  of  the  potas- 
sium sulphocyanate  solution,  at>'25°  C.  (77°  F.),  to  produce  the  same  depth  of  a 
permanent  pale  reddish-brown  tint. 

If  necessary,  a  new  adjustment  should  be  made  to  render  the  correspondence 
perfect. 

One  Cubic  Centimeter  of  Tenth-Normal  Potassium  Sulphocyanate  V.S.  is  the  equivalent 

of: 

Gramme. 

Potassium  Sulphocyanate,  KSCN 0.009653 

Sflver,  Ag 0.010712 

Silver  Nitrate,  AgNOa 0.016869 

OFFICIAL  ASSAYS  WITH  TENTH-NORMAL  SILVER  NITRATE  V.S. 

Diluted  Hydrobromic  Acid. — If  10  Gm.  of  Diluted  Hydrobromic  Acid  be  diluted 
with  sufficient  distilled  water  to  measure  100  Cc,  and  if  to  8.04  Cc.  of  this  solution 
after  exact  neutralization  with  diluted  ammonia  water  (litmus  T.S.  being  used  as 
indicator),  there  be  added  3  drops  of  potassium  chromate  T.S.,  then  not  less  than 
10  Cc.  of  tenth-normal  silver  nitrate  V.S.  should  be  required  to  impart  to  the  liquid 
a  permanent  red  tint  (each  Cc.  corresponding  to  1  per  cent,  of  absolute  Hydrobromic 
Acid). 

Potassium  Bromide. — If  0.3  Gm.  of  the  well-dried  salt  be  dissolved  in  about  50  Cc. 
of  water,  and  2  or  3  drops  of  potassium  chromate  T.S.  be  added,  it  should  require 
not  less  than  24.6  Cc.  nor  more  than  25.85  Cc.  of  tenth-normal  silver  nitrate  T.S.  to 
produce  a  permanent  red  color. 

Taking  the  assay  of  this  well-known  chemical  as  a  type,  we  see  by 
reference  to  the  equivalent  table,  given  on  p.  1012,  that  1  Cc.  tenth- 
normal AgNOg  V.S.  =0.011822  Gm.  KBr. 

Then  25  Cc.  tenth-normal  AgNOg  V.S.  =25X0.011822  =  0.295550  Gm. 
KBr. 
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If  0.3  Gm.  KBr  took  25  Cc.  tenth-normal  AgNOj  V.S., 

then  0.3  Gm.  KBr  contained  0.29555  Gm.  absolute  KBr.,  and  the 

29555 
strength    of    such    potassium   bromide   is      '  X    100   per   cent., 

oUUUU 

or  98.5  per  cent,  absolute  KBr. 

The  following  chemicals  are  assayed  like  potassium  bromide,  the 

differences  in  manipulation  being  presented  in  tabulated  form: 


Chemical. 

Preparation  op 

Amount  of 

Aqueous  Solution. 

KzCrOi  T.S. 
Used. 

Potassium  iodide. 

0.5  Gm.  dissolved  in 
10  Cc.  water. 

3  drops. 

Sodium  bromide. 

0.3  Gm.  dissolved  in 

2  or  3 

50  Cc.  water. 

drops. 

Sodium  chloride. 

1  Gm.  diluted  to  100 

Few 

Cc.     10  Cc.  of  this 

drops. 

dilution  taken. 

Sodium  iodide. 

0.5  Gm.  dissolved  in 
10  Cc.  water. 

5  drops. 

Lithium  bromide. 

1  Gm.  diluted  to  100 
Cc.     20  Cc.  of  this 
dilution  taken. 

2  drops. 

Ammonium    bro- 

3 Gm.  diluted  to  100 

Few 

mide. 

Cc.     10  Cc.  of  this 
dilution  taken. 

drops. 

Ammonium  chlo- 

3 Gm.  diluted  to  100 

Few 

ride. 

Cc.     10  Cc.  of  this 
dilution  taken. 

drops. 

Strontium       bro- 

0.5 Gm.  dissolved  in 

Few 

mide. 

50  Cc.  water. 

drops. 

Zinc  bromide. 

0.3  Gm.  dissolved  in 
10  Cc.  water. 

2  drops. 

Amount  T^jnAgNOs  V.S.  Needed 
to  Give  Permanent  Red  Tint. 


Not  less  than  30  Cc;  not  more 

than  30.8  Cc. 
Not  less  than  25.8  Co.;  not 

more  than  30  Cc. 
Not  less  than  17  Cc. 


Not   less   than    33  Cc;    not 

more  than  34.6  Cc. 
Not    less    than  22  Cc;    not 

more  than  23.9  Cc. 

Not  more  than  31.6  Cc. 


Not  less  than  18.7  Cc. 


Not  less  than  27.4  Co.;  not 

more  than  29.4  Cc. 
Not    less    than    26  Cc;    not 

more  than  26.8  Cc. 


Potassium  Cyanide. — If  1  Gm.  of  Potassium  Cyanide  be  dissolved  in  sufficient 
distilled  water  to  measure  100  Cc,  then  64.7  Cc.  of  this  solution  mixed  with  5  Cc.  of 
ammonia  water  and  3  drops  of  potassium  iodide  T.S.  should  require  not  less  than 
47.5  Cc.  of  tenth-normal  silver  nitrate  V.S.  before  the  appearance  of  a  permanent 
precipitate  (each  Cc.  of  the  tenth-normal  silver  nitrate  V.S.  indicating  2  per  cent,  of 
pure  Potassium  Cyanide). 

This  assay  is  based  on  the  formation  of  a  soluble  double  salt 
(AgCNKCN),  which  is  decomposed  the  minute  an  excess  of  silver  is 
added.     Potassium  iodide  accentuates  the  reaction. 

Similar  assays  are  the  following: 


Diluted  Hydrocyanic  Acid. — If  5  Gm.  of  Diluted  Hydrocyanic  Acid  be  diluted 
with  distilled  water  to  measure  50  Cc,  then  26.9  Cc.  (26.84  Cc)  of  this  solution,  after 
the  addition  of  5  Cc  of  ammonia  water  and  3  drops  of  potassium  iodide  T.S.,  should 
require  for  the  production  of  a  slight  permanent  precipitate  the  addition  of  not  less 
than  10  Cc.  of  tenth-normal  silver  nitrate  V.S. 

Oil  of  Bitter  Almond. — Mix,  in  a  100-Cc.  flask,  1  Gm.  of  the  Oil  of  Bitter  Almond 
to  be  tested,  with  sufficient  water  and  freshly  precipitated  magnesium  hydroxide 
(free  from  chlorides)  to  make  an  opaque  mixture  of  about  50  Cc.  Add  to  this  2  or  3 
drops  of  potassium  chromate  T.S.,  and  then  from  a  burette  add  tenth-normal  silver 
nitrate  V.S.  until  a  red  tint  is  produced  which  does  not  again  disappear  by  shaking; 
not  less  than  7.5  Cc.  nor  more  than  14.9  Cc  of  tenth-normal  silver  nitrate  V.S.  should 
be  required,  each  Cc.  corresponding  to  0.002684  Gm.  of  hydrocyanic  acid. 
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VOLUMETRIC    ASSAYS    WITH    TENTH-NORMAL  SILVER  NITRATE   V.S.    AND 
TENTH-NORMAL  SODIUM  CHLORIDE  V.S. 

Silver  Nitrate. — If  0.5  Gm.  of  Silver  Nitrate,  dissolved  in  10  Cc.  of  distilled  water, 
be  well  mixed  with  30  Cc.  of  tenth-normal  sodium  chloride  V.S.  and  3  drops  of  potas- 
sium chromate  T.S.,  not  more  than  0.4  Cc.  of  tenth-normal  silver  nitrate  V.S.  should 
be  required  to  impart  to  the  liquid  a  permanent  red  color. 

In  this  assay  an  excess  of  sodium  chloride  V.S.  is  added  and  this 
excess  titrated  with  tenth-normal  silver  nitrate  V.S. 

Explaining  the  assay  arithmetically,  we  find,  by  reference  to  the 
equivalent  tables  on  p.  1012: 

1  Cc.  ^n  NaCl  =  0.016869  Gm.  AgNOg. 
Then  30  Cc.  y^on  NaCl  =  30X0.0 16869  =  0.50607  Gm.  absolute  AgNOg. 
We  have  to  balance  against  this 

Silver  nitrate  weighed  out  =0.50000    Gm. 

Silver  nitrate  contained  in  0.4  Cc.  ^n  AgNOg  V.S.  =0.006747  Gm. 
(0.4X0.016869)  _  0.506747  Gm. 

Hence  the  strength  of  the  sample  is 

f^f^     X     100  per  cent.     =     99.8  per  cent,  absolute  AgNOg. 
50674 

In  like  manner  are  the  following  chemicals  assayed: 

Fused  Silver  Nitrate. — 0.5  Gm.  takes  not  more  than  1.9  Cc.  tenth-normal  AgNO 
V.S.     (Tenth-normal  NaCl  V.S.,  20  Cc;  K^CrA  T.S.,  3  drops.) 

Mitigated  Silver  Nitrate. — 1  Gm.  takes  not  more  than  0.3  Cc.  tenth-normal 
AgNOj  V.S.     (Tenth-normal  NaCl  V.S.,  20  Cc;  KjCrO,  T.S.,  3  drops.) 

VOLUMETRIC    ASSAYS    WITH   TENTH-NORMAL    SILVER  NITRATE  V.S.  AND 
TENTH-NORMAL  POTASSIUM  SULPHOCYANATE  V.S. 

Diluted  Hydriodic  Add. — Into  a  flask  provided  with  a  well-fitting  stopper  in- 
troduce 2.54  Gm.  of  Diluted  Hydriodic  Acid,  diluted  with  50  Cc.  of  distilled  water, 
followed  by  25  Cc.  of  tenth-normal  silver  nitrate  V.S.,  5  Cc.  of  ferric  ammonium  sul- 
phate T.S.,  and  3  to  4  Cc  of  nitric  acid  (free  from  nitrous  compounds);  then  securely 
stopper  the  flask  and  shake  it  well.  Not  more  than  5  Cc.  of  tenth-normal  potassium 
sulphocyanate  V.S.  should  then  be  required  to  produce  a  permanent  reddish-brown 
tint  (each  Cc.  of  tenth-normal  silver  nitrate  V.S.  consumed  corresponding  to  0.5  per 
cent,  of  absolute  Hydriodic  Acid). 

In  this  assay  an  excess  of  volumetric  solution  of  silver  nitrate  is 
added,  and  after  precipitation  of  silver  iodide,  the  silver  still  remaining 
in  solution  is  titrated  with  potassium  sulphocyanate.     The  calcula- 
tions whereby  the  figures  given  in  the  assay  are  obtained  are  as  follows: 
By  reference  to  the  equivalent  tables  given  on  p.  we  1012  find: 
1  Cc.  yVn  AgNOg  V.S.  =0.01269  Gm.  absolute  HI, 
or  rGVGrsGcl 
0.01269  Gm!  absolute  HI  takes  1  Cc.  ^n  AgNOg  V.S. 

then  0.254  Gm.  absolute  ^l\,^\,A'^^  Xl  Cc.  ^n  AgNOg  V.S. 

or  2.54  Gm.  diluted  m\^]'^^l^J^^,  ^      ,      a   mo   v  «? 

)  Lor  20.01  Cc.  ^n  AgNOg  V.S. 

If  we  start  in  with  25  Cc.  tenth-normal  AgNOg  V.S.,  and  20.01  Cc. 
of  this  is  used  by  the  hydriodic  acid,  there  will  remain  in  solution  the 
silver  equivalent  of  5  Cc.  tenth-normal  AgNOg  V.S.  This  will,  of 
course,  take  5  Cc.  tenth-normal  KSCN  for  exact  combination. 

In  like  manner  are  the  following  official  chemicals  assayed: 
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Chemical.     Preparation  op  Aqueous    Amount     Amount  Amount  Nitric  Amount  AnKSCN 
Solution.  ^nAgNOa    Ferric     Acid  Added.  Required. 

Added.     Alum  T.S. 
Added. 


Syrup  of      31.73  Gm.  diluted  to  50  8  Cc.        3  Cc. 

hydriodic      Cc,  and  10  Cc.  of  this 

acid.  plus     10     Cc.     water 

taken. 
Syrup  of      10  Gm.  diluted  to  100  6  Cc.         2  Cc. 

ferrous  Cc . ,  and  1 5 . 4  Cc .  of  this 

iodide.  plus     15     Cc.     water 

taken. 
Strontium    0.5    Gm.    in    100    Cc.  25  Cc.       5  Cc. 

iodide.  water. 


Zinc  iodide.    0.5    Gm. 
water. 


in    20    Cc.  35  Cc.      3  Cc. 


5  Cc.  diluted  Not  more  than 
acid.  3  Cc. 


2  Cc.  diluted  Not  more  than 
acid.  1  Cc. 


5  Cc.  strong  Not  less  than 

acid.  1.7    Cc.     nor 

more  than  3.1 

Cc. 

5  Cc.  strong  Not  less  than 

acid.  3.4    Cc.     nor 

more  than  4.0 

Cc. 


The  following  assay  differs  from  the  others  only  in  the  fact  that 
the  silver  nitrate  solution  is  used  to  combine  with  the  alyl  isothio- 
cyanate  of  the  oil,  the  excess  of  silver  being  titrated  with  sulpho- 
cyanate  V.S. 

Volatile  OH  of  Mustard. — Weigh  accurately  about  2  Gm.  of  Volatile  Oil  of  Mustard 
and  dilute  this  with  sufficient  alcohol  to  make  50  Cc.  of  the  solution  represent  1  Gm. 
of  the  Oil;  of  this  solution,  5  Cc.  are  transferred  to  a  100-Cc.  measuring  flask,  and  30 
Cc.  of  tenth-normal  silver  nitrate  V.S.  and  5  Cc.  of  ammonia  water  are  added.  The 
flask  is  well  stoppered  and  set  aside  in  a  dark  place  for  twenty-four  hours.  The 
contents  of  the  flask  are  diluted  with  water  to  the  100  Cc.  mark  and  filtered.  To  50 
Cc.  of  the  filtrate,  4  Cc.  of  nitric  acid  and  a  few  drops  of  ferric  ammonium  sulphate 
T.S.  are  added,  and  finally  sufficient  tenth-normal  potassium  sulphocyanate  V.S. 
to  produce  a  permanent  red  color;  not  more  than  5.6  Cc.  of  the  latter  reagent  should 
be  required  (each  Cc.  of  tenth-normal  silver  nitrate  V.S.  consumed  corresponding  to 
0.00492  gramme  of  allyl  iso-thiocyanate). 


CHAPTER   LV 


VOLUMETRIC  ASSAYS  OF  ORGANIC  SUBSTANCES 

PHARMACEUTIC  ASSAYING 

Aside  from  the  volumetric  estimation  of  organic  acids  described 
on  p.  997  under  Alkalimetry,  there  are  several  forms  of  volumetric 
assays  peculiar  to  organic  substances.  These  include  estimation  of 
saponification  number  and  iodine  absorption  number  of  oils  and  fats; 
the  acid  number  of  resins;  that  modification  of  acidimetry  applied  in 
alkaloidal  assays,  as  well  as  the  special  assay  of  sugars  with  Fehling's 
solution  and  of  phenol  with  Koppeschaar's  solution.  These  will  be 
considered  in  this  chapter. 
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ALKALOIDAL  ASSAYS 

As  already  outlined  on  p.  944,  the  official  assays  for  alkaloids 
naturally  fall  into  two  groups — the  isolation  of  the  alkaloid  and  the 
estimation  of  the  isolated  alkaloid  either  by  direct  weighing  or  by 
estimation  by  titration  with  decinormal  or  centinormal  acid  (or 
indirectly  by  titrating  excess  of  acid  with  volumetric  alkali  solution). 
As  already  mentioned,  the  alkaloid  is  isolated  by  extracting  the  drug 
with  aqueous  (either  plain  or  acidulated)  media,  the  alkaloid  set  free 
by  addition  of  alkali,  and  the  freed  alkaloid  separated  by  ''shaking 
out"  with  a  solvent  immiscible  with  water.  The  pharmacopceial 
details  of  the  "shaking  out"  process  are  given  below. 

ALKALOIDAL  ASSAY  BY  IMMISCIBLE  SOLVENTS 

Nearly  all  alkaloids  are  practically  insoluble  in  water,  but  they  are  soluble  in 
alcohol,  chloroform,  ether,  amyl  alcohol,  benzene,  petroleum  benzin,  or  mixtures  of 
several  of  these.  The  salts  of  these  alkaloids,  however,  are  soluble  in  water,  but 
practically  insoluble  in  the  above-mentioned  solvents.  The  process  of  assay  by  im- 
miscible solvents,  which  is  generally  known  as  the  "shaking  out"  process,  is  based 
on  this  property  of  alkaloids,  and  it  is  carried  out  by  treating  liquid  extracts  that 
have  been  freed  from  alcohol,  with  an  immiscible  solvent  in  the  presence  of  an  excess 
of  alkaU.  This  Uberates  the  alkaloid,  and,  on  becoming  free,  if  not  so  previously, 
it  is  dissolved  by  the  immiscible  solvent.  This  solution  is  then  separated,  transferred 
to  another  container,  and  shaken  with  an  excess  of  acid  largely  diluted  with  water. 
The  acid  combining  with  the  free  alkaloid  forms  a  salt,  which  now  leaves  the  im- 
miscible solvent  and  is  found  in  the  aqueous  solution.  This  process  is  sometimes 
repeated,  in  case  the  alkaloidal  solution  is  still  colored.  The  apparatus  used  in  this 
operation  of  shaking  out  is  termed  a  "separator,"  and  consists  of  an  oval  or  pear- 
shaped  glass  vessel  with  an  opening  at  the  top  supplied  with  a  well-ground  glass 
stopper,  and  an  outlet  tube  at  the  bottom,  provided  with  an  accurately  fitting  glass 
stop-cock  (Fig.  140).  The  solvents  directed  to  be  used  in  this  Pharmacopoeia  are  alco- 
hol, chloroform,  ether,  and  various  mixtures  of  both,  containing  at  least  75  parts 
of  ether  in  100  parts  of  solvent  by  volume.  In  the  case  of  chloroform,  the  solvent  will 
collect  at  the  bottom  of  the  separator,  and  can  be  drawn  off,  but  the  ethereal  or 
ether-chloroform  mixture  will  form  the  upper  portion  of  the  liquid  in  the  separator, 
and  the  aqueous  layer  must  first  be  drawn  off  into  a  suitable  vessel,  and  the  ethereal 
layer  then  transferred  to  another  vessel.  It  is  not  necessary  or  desirable  to  shake 
the  mixture  of  immiscible  solvent  and  water  violently,  for  a  rotation  of  the  separator 
or  a  gentle  shaking  for  about  a  minute  wiU  answer  ail  purposes.  At  times,  an  emul- 
sion of  the  water  and  the  solvent  is  formed,  especially  if  the  shaking  is  too  violent, 
and  in  order  to  separate  this  it  is  advisable  to  proceed  as  follows:  If  the  solvent 
is  heavier  than  the  water,  add  more  of  the  former,  a  little  water,  and  a  slight  amount 
of  alcohol;  if  the  solvent  is  lighter  than  the  water,  add  sufficient  saturated  sodium 
chloride  solution  or  crystals  of  sodium  chloride.  A  safe  procedure  to  avoid  the  form- 
ing of  emulsions  is  to  invert  the  separator  several  times,  and  then  to  at  once  begin 
rotating  to  keep  the  solvents  well  mixed.  To  insure  a  complete  extraction  of  the 
alkaloid,  it  is  desirable  to  treat  the  liquid  three  times  with  the  immiscible  solvent, 
and  this  is  to  be  followed  by  a  rinsing  of  the  empty  separator  with  repeated  small 
portions  of  the  same  solvent.  The  separator  should  not  be  filled  to  more  than  two- 
thirds  of  its  capacity  at  any  time,  and  if  its  contents  should  become  heated  by  the 
neutralization  of  acid  by  alkali,  or  vice  versa,  it  should  be  cooled  to  the  temperature 
of  the  room,  before  opening  the  stopper,  by  immersing  it  in  running  water.  The 
final  operation  must  always  be  the  collection  of  the  free  alkaloid  by  the  use  of  a  por- 
tion of  the  immiscible  solvent,  drawing  this  off  into  a  beaker,  rinsing  with  small 
portions  of  the  solvent  to  prevent  possible  loss.  The  beaker  is  then  placed  on  a 
water-bath  and  gently  heated,  to  remove  the  solvent  by  evaporation,  leaving  the 
alkaloids  in  the  beaker  in  the  dry  form,  and  usually  in  the  condition  of  a  resinous 
or  varnish-like  mass.  It  is  then  either  weighed  as  such  or  dissolved  in  volumetric 
acid  solution,  delivered  in  measured  quantity  from  a  burette,  and  the  excess  of  the 
acid  titrated  with  volumetric  alkali  solution  with  the  use  of  an  indicator.  Should  the 
final  residual  alkaloids  still  be  slightly  colored,  it  is  preferable  to  employ  iodeosin  as 
t  )e  indicator,  as  the  alkaloidal  solution  contains  ether  and  the  ethereal  layer  retains 
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in  solution  coloring  matter  or  impurity  which  may  be  present.     If  the  alkaloids  are 
not  colored,  hematoxylin  or  cochineal  may  safely  be  used. 

The  quantity  of  alkaloid  is  found  by  multiplying  the  number  of  cubic  centimeters 
of  volumetric  acid  consumed  by  a  constant  factor,  depending  upon  the  molecular 
weight  of  the  individual  alkaloid.  These  factors  will  be  found  on  p.  991,  under 
Tenth-Normal  Sulphuric  Acid,  V.S.,  and  are  used  throughout  the  text  without  ex- 
planation. The  factor  in  each  case  represents  the  weight  in  grammes  of  the  alkaloid 
required  to  neutralize  1  Cc.  of  volumetric  acid. 

OFFICIAL  ASSAYS  IN  VHICH  THE  ALKALOID  IS  WEIGHED 

Assay  of  Cinchona 

Recipe. — Cinchona,  in  No.  80  (or  finer)  powder,  fifteen  grammes. .  15  Gm. 
Ether,  sp.  gr.  not  above  0.720  at  25°  C.  (77°  F.), 
Chloroform, 
Ammonia  Water, 
Distilled  Water, 
Normal  Sulphuric  Acid  V.S.,  each,  a  sufficient  quantity. 

Introduce  the  Cinchona  into  an  Erlenmeyer  flask  or  bottle  of  about  400-Cc. 
capacity,  and  add  a  mixture  of  250  Cc.  of  ether  and  50  Cc.  of  chloroform;  then  insert 
the  stopper  securely,  shake  the  flask  vigorously,  and  allow  it  to  stand  for  ten  minutes. 
Then  add  10  Cc.  of  ammonia  water,  and  allow  it  to  stand  for  five  hours,  shaking 
at  frequent  intervals  (or  continuously  with  the  aid  of  a  mechanical  shaker).  Next 
add  15  Cc.  of  distilled  water,  shake  the  flask  vigorously,  and  allow  it  to  stand  for  a 
few  minutes,  so  as  to  cause  the  powder  to  settle  readily.  When  the  supernatant 
fluid  is  quite  clear,  decant  into  a  measuring  flask  or  cylinder  exactly  200  Cc.  of  the 
supernatant  liquid  (representing  10  Gm.  of  Cinchona),  transfer  this  to  a  separator 
and  add  15  Cc.  of  normal  sulphuric  acid  V.S.,  or  sufficient  to  make  the  liquid  distinctly 
acid.  Shake  the  separator  vigorously  for  one  minute,  and  allow  the  two  layers  of 
liquid  to  separate  completely.  Draw  off  the  lower  aqueous  layer  into  a  flask.  Then 
add  5  Cc.  of  normal  sulphuric  acid  V.S.  and  5  Cc.  of  distilled  water  to  the  separator 
and  shake  it  vigorously  for  about  one  minute,  allow  the  liquids  to  separate  as  before, 
and  again  draw  off  the  lower  aqueous  layer  into  the  flask.  Repeat  the  operation, 
using  5  Cc.  of  distilled  water  in  the  separator  (without  acid),  drawing  off  the  aqueous 
liquid  into  the  flask.  Filter  the  combined  acid  liquids  into  a  measuring  cylinder, 
and  wash  the  filter  and  flask  with  enough  distilled  water  to  make  the  contents  of  the 
cylinder  measure  exactly  50  Cc.  Pour  half  (25  Cc.)  of  the  acid  liquid  into  a  separator 
marked  No.  1,  and  the  remaining  half  (25  Cc.)  into  another  separator  marked  No. 
2,  which  set  aside. 

I.  For  Anhydrous  Cinchona  Alkaloids. — To  separator  No.  1  (see  above) 
add  25  Cc.  of  a  mixture  of  chloroform  3  volumes  and  ether  1  volume,  also  5  Cc.  of 
ammonia  water,  or  sufficient  to  render  the  liquid  alkaline.  Insert  the  stopper  and 
shake  the  separator  carefully  for  one  minute,  and  then  draw  off  the  lower  layer 
into  a  tared  flask  or  beaker.  Add  20  Cc.  more  of  the  chloroform-ether  mixture  to  the 
separator,  insert  the  stopper,  and  shake  the  liquid  carefully  for  one  minute,  again 
drawing  off  the  lower  layer  into  the  tared  flask.  Repeat  the  operation  with  10  Cc. 
of  chloroform,  and  draw  this  off  into  the  tared  flask.  Evaporate  the  chloroform- 
ether  solutions  in  the  tared  flask  or  beaker  slowly  and  carefully  to  dryness  on  a  water- 
bath.  Add  3  Cc.  of  ether  to  the  dry  residue,  and  again  evaporate  to  dryness.  Then 
place  the  flask  or  beaker  in  an  air-bath  and  heat  at  110°  C.  (230°  F.)  until  the  weight 
after  cooling  remains  constant.  This  weight  in  grammes  multiplied  by  20  will  give 
the  percentage  of  anhydrous  cinchona  alkaloids  (total  alkaloids)  in  the  Cinchona. 

II.  For  Ether-soluble  Alkaloids. — To  separator  No.  2  (see  above),  containing 
the  other  25  Cc.  of  acid  liquid,  add  25  Cc.  of  ether  and  5  Cc.  of  ammonia  water,  or 
sufficient  to  render  the  liquid  alkaline.  The  temperature  of  the  liquid  should  be  kept 
below  20°  C.  (68°  F.)  by  cooling  it,  if  necessary.  Shake  the  separator  moderately 
for  two  minutes,  and  allow  the  liquid  to  stand  for  ten  minutes  at  15°  C.  (59°  F.); 
after  the  liquids  have  separated,  draw  off  and  reject  the  lower  aqueous  layer  and 
transfer  the  ethereal  liquid  to  a  tared  beaker.  Add  5  Cc.  more  of  ether  to  the  sepa- 
rator, rinse  carefully,  and  add  the  rinsings  to  the  tared  beaker.  Evaporate  the  ether 
carefully  by  the  aid  of  a  water-bath,  dry  the  beaker  and  contents  in  an  air-bath  at 
110°  C.  (230°  F.)  for  two  hours,  cool,  and  weigh.  This  weight  in  grammes  multi- 
plied by  20  gives  the  percentage  of  the  anhydrous  ether-soluble  alkaloids  contained 
in  the  Cinchona. 

Note. — Ether-soluble  alkaloids  include  quinine,  quinidine,  and  cinchonidine. 
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From  the  above  typical  assay  it  is  seen  that  the  process  of  manipu- 
lation is  tedious  and  intricate.  It  can  be  noted,  however,  that  there 
are  really  three  steps  in  the  process:  the  extraction  of  the  drug  with 
ether  and  chloroform;  the  shaking  out,  first,  with  normal  sulphuric 
acid  and  water,  then  (after  rendering  alkaline)  with  chloroform  and 
ether;  and  lastly,  evaporation  of  solution  and  weighing  of  alkaloids. 
The  "separator"  mentioned  in  the  assay  means  one  of  the  separatory 
funnels  pictured  on  p.   138. 

Assay  of  Fluidextract  of  Cinchona 

Recipe. — Fluidextract  of  Cinchona,  ten  cubic  centimeters 10  Co. 

Ether,  sp.  gr.  not  above  0.720  at  25°  C.  (77°  F.), 

Normal  Sulphuric  Acid  V.S., 

Ammonia  Water, 

Chloroform,  each,  a  sufficient  quantity. 

Transfer  10  Cc.  of  Fluidextract  of  Cinchona  by  means  of  a  graduated  pipette  to 
an  Erlenmeyer  flask  of  200-Cc.  capacity,  and  adfd  a  mixture  of  100  Cc.  of  ether, 
25  Cc.  of  cmoroform,  and  10  Cc.  of  ammonia  water.  Insert  the  stopper  securely, 
and  shake  the  flask  vigorously,  at  intervals,  during  ten  minutes.  Allow  the  Uquids 
to  separate,  decant  into  a  measuring  cylinder  exactly  66  Cc.  of  the  supernatant 
liquid  (representing  5  Cc.  of  the  Fluidextract),  and  transfer  this  to  a  separator, 
rinsing  the  cylinder  with  5  Cc.  of  ether  and  adding  this  to  the  separator.  Add  to  the 
latter  about  10  Cc.  of  normal  sulphuric  acid  V.S.,  or  enough  to  make  the  solution 
distinctly  acid,  and  shake  the  separator  vigorously  for  several  minutes,  and  when  the 
liquids  have  completely  separated,  draw  off  the  lower  layer  into  a  second  separator. 
To  the  first  separator  add  5  Cc.  more  of  normal  sulphuric  acid  V.S.  and  5  Cc,  of  dis- 
tilled water,  snake  it  for  several  minutes  and  when  the  liquids  have  separated,  draw 
off  the  lower  layer  into  the  second  separator.  Now  add  5  Cc.  of  distilled  water  to  the 
first  separator,  shake  it,  separate  as  before,  and  then  draw  off  the  lower  aqueous 
layer  into  the  second  separator.  To  the  second  separator  add  25  Cc.  of  ether,  a  small 
piece  of  red  Utmus-paper,  and  then,  gradually,  ammonia  water,  keeping  the  tempera- 
ture of  the  liquids  below  25"  C.  (77°  F.)  until  the  reaction  is  alkaline.  Then  shake 
the  separator  vigorously  for  two  minutes,  and  allow  the  liquids  to  stand  for  ten  min- 
utes at  a  temperature  below  15°  C.  (59°  F.).  Draw  off  and  reject  the  lower  aqueous 
layer,  and  then  transfer  the  ether-layer  into  a  tared  beaker.  Add  5  Cc.  more  of 
ether  to  the  separator,  rinse  carefully,  and  add  the  rinsings  to  the  tared  beaker,  and 
entirely  evaporate  the  ether  at  a  moderate  heat  on  a  water-bath.  Then  dry  the 
beaker  in  an  air-bath  at  120°  C.  (248°  F.)  for  half  an  hour,  cool,  and  weigh.  Replace 
the  beaker  in  the  air-bath  and  heat  again  at  the  same  temperature  for  half  an  hour, 
cool,  and  weigh,  repeating  until  the  weight  is  constant.  Multiply  the  weight  of  the 
residue  by  20  to  obtain  the  weight  in  grammes  of  anhydrous  ether-soluble  alkaloids 
containedf  in  one  hundred  cubic  centimeters  of  the  Fluidextract  of  Cinchona. 

Assay  of  Tincture  of  Cinchona. 

Transfer  50  Cc.  of  Tincture  of  Cinchona  to  an  evaporating  dish,  and  evaporate 
it  on  a  water-bath  until  it  measures  about  10  Cc. ;  transfer  the  liquid  to  a  bottle  having 
the  capacity  of  about  180  Cc,  rinsing  the  dish  with  10  Cc.  of  diluted  alcohol;  then  assay 
the  resultingjliquid  by  the  method  given  under  Fluidextractum  Cinchonce  (given  above), 
with  the  exception  that  the  multiplication  of  the  product  should  be  by  4  instead  of  20; 
the  result  will  represent  the  weight  in  grammes  of  anhydrous  ether-soluble  alkaloids 
contained  in  one  hundred  cubic  centimeters  of  Tincture  of  Cinchona. 

Assay  of  Colchicum  Corm 

Recipe. — Colchicum  Corm,  in  No.  60  powder,  ten  grammes 10  Gm. 

Ether, 

Chloroform, 

Alcohol, 

Ammonia  Water, 

Distilled  Water,  each,  a  sufficient  quantity. 
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Introduce  the  Colchicum  Corm  into  a  200-Cc.  Erlenmeyer  flask,  and  add  to  it 
100  Cc.  of  a  mixture  of  77  Cc.  of  ether,  25  Cc.  of  chloroform,  8  Cc.  of  alcohol,  and  3  Cc. 
of  ammonia  water,  insert  the  stopper  securely,  and  macerate,  with  frequent  shaking, 
for  twelve  hours  (or  preferably  for  four  hours  in  a  mechanical  shaker).  Filter  a 
sufficient  quantity  of  the  Uquid  into  a  measuring  cylinder  until  50  Cc.  of  filtrate 
(representing  5  Gm.  of  Colchicum  Corm)  have  been  obtained;  then  transfer  this  to 
a  beaker  or  dish,  and  evaporate  it  nearly  to  dryness  by  applying  a  gentle  heat. 
Dissolve  the  residue  in  10  Cc.  of  ether,  add  5  Cc.  of  water,  stir  well,  and  heat  gently 
until  the  ether  has  evaporated.  After  cooling,  filter  the  aqueous  solution  into  a 
small  separator,  retaining  the  insoluble  matter  as  much  as  possible  in  the  beaker 
or  dish.  Redissolve  the  residue  in  a  Uttle  ether,  add  5  Cc.  of  water,  and  proceed  as 
before.  Wash  the  container  and  filter  with  a  Httle  water,  and  shake  the  combined 
aqueous  solutions  well  for  one  minute  with  15  Cc.  of  chloroform.  Draw  off  the 
chloroform,  after  perfect  separation,  into  a  beaker  and  again  shake  out  the  aqueous 
liquid  successively  with  three  portions  of  10  Cc.  each  of  chloroform,  collecting  these 
solutions  in  the  beaker.  Evaporate  the  chloroform  completely;  dissolve  the  residue 
in  a  little  alcohol,  evaporate  the  latter,  redissolve  the  residue  in  5  Cc.  of  ether,  add 
5  Cc.  of  water,  and  stir  the  liquid  for  a  few  seconds.  Then  evaporate  the  ether  on  a 
water-bath  containing  warm  water,  and  filter  the  remaining  aqueous  Uquid  through 
a  small  wetted  filter  into  a  separator,  washing  the  dish  and  filter  with  5  Cc.  of  water, 
and  adding  the  washings  to  the  separator.  Shake  out  the  aqueous  liquid  with  15  Cc. 
of  chloroform,  and  when  the  liquids  have  separated,  draw  off  the  chloroform  into  a 
tared  flask.  Repeat  the  shaking  out  successively  with  three  portions  of  10  Cc.  of 
chloroform  and  add  each  to  the  tared  flask.  Evaporate  the  chloroform  completely, 
dissolve  the  residue  in  a  little  alcohol,  evaporate  the  latter,  redissolve  the  residue  m 
alcohol,  evaporate  the  alcohol  as  before,  and  dry  the  residue  at  100°  C.  (212°  F.) 
until  the  weight,  after  cooling,  remains  constant.  The  weight  of  the  residue  multi- 
plied by  20  gives  the  percentage  of  colchicine  in  the  Colchicum  Corm. 

Assay  of  Colchicum  Seed 

Recipe. — Colchicum  Seed,  in  No.  60  powder,  ten  grammes 10  Gm. 

Ether, 

Chloroform, 

Alcohol, 

Ammonia  Water, 

Distilled  Water,  each,  a  sufficient  quantity. 

Introduce  the  Colchicum  Seed  into  a  200-Cc.  Erlenmeyer  flask,  and  add  to  it 
100  Cc.  of  a  mixture  of  77  Cc.  of  ether,  25  Cc.  of  chloroform,  8  Cc.  of  alcohol,  and  3  Cc. 
of  ammonia  water,  insert  the  stopper  securely,  and  macerate,  with  frequent  shaking, 
for  twelve  hours  (or  preferably  for  four  hours  in  a  mechanical  shaker).  Filter  a 
sufficient  quantity  of  the  liquid  into  a  measuring  cylinder  until  50  Cc.  of  filtrate 
(representing  5  Gm.  of  Colchicum  Seed)  have  been  obtained;  then  transfer  this  to  a 
beaker  or  dish,  and  evaporate  it  nearly  to  dryness  by  applying  a  very  gentle  heat. 
Dissolve  the  residue  in  10  Cc.  of  ether,  add  5  Cc.  of  water,  stir  well,  and  heat  gently 
until  the  ether  has  evaporated.  After  cooling,  filter  the  aqueous  solution  into  a  small 
separator,  retaining  the  insoluble  matter  as  much  as  possible  in  the  beaker  or  dish. 
Redissolve  the  residue  in  a  little  ether,  add  5  Cc.  of  water,  and  proceed  as  before. 
Wash  the  container  and  filter  with  a  little  water,  and  shake  the  combined  aqueous 
solutions  well  for  one  minute  with  15  Cc.  of  chloroform.  Draw  off  the  chloroform, 
after  perfect  separation,  into  a  tared  flask,  and  again  shake  out  the  aqueous  liquid 
successively  with  three  portions  of  10  Cc.  each  of  chloroform,  collecting  these  solutions 
in  the  tared  flask.  Evaporate  the  chloroform  completely;  dissolve  the  residue  in  a 
little  alcohol;  evaporate  the  latter,  redissolve  the  residue  in  alcohol,  evaporate  the 
alcohol  as  before,  and  dry  the  residue  at  100°  C.  (212°  F.)  until  the  weight,  after 
cooling,  remains  constant.  The  weight  of  the  residue  multiplied  by  20  gives  the 
percentage  of  colchicine  in  the  Colchicum  Seed. 

Assay  of  Extract  of  Colchicum  Corm 

Recipe. — Extract  of  Colchiciun  Corm,  four  grammes 4  Gm. 

Chloroform, 

Alcohol, 

Ether, 

Distilled  Water, 

Ammonia  Water,  each,  a  sufficient  quantity. 
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Dissolve  the  Extract  of  Colchicum  Corm  in  20  Cc.  of  distilled  water,  carefully 
transfer  the  solution  to  a  graduated  flask,  and  add  suflBicient  alcohol  to  make  the 
liquid  measure  100  Cc.  Shake  the  flask  well,  allow  it  to  stand  for  five  minutes, 
filter,  and  collect  50  Cc.  of  the  filtrate  (representing  2  Gm.  of  the  Extract),  and 
evaporate  it  to  dryness  in  a  porcelain  dish  by  means  of  a  water-bath.  Add  to  the 
residue  10  Cc.  of  ether  and  5  Cc.  of  distilled  water,  stir  the  mixture  well,  and  heat 
gently  until  the  ether  is  evaporated.  After  cooling,  pour  off  the  aqueous  solution, 
filtering  it  into  a  separator,  retaining  as  much  of  the  insoluble  matter  in  the  dish  as 
possible.  Again  treat  the  residue  with  10  Cc.  of  ether,  and  5  Cc.  of  water,  and  proceed 
as  before;  rinse  the  dish  and  filter  with  a  httle  water  and  collect  all  of  the  aqueous 
liquids  in  the  separator.  Introduce  a  small  piece  of  red  litmus-paper  into  the  sepa- 
rator, add  enough  ammonia  water  to  render  the  hquid  alkaline,  and  then  shake  it 
out  with  three  successive  portions  of  chloroform,  of  20,  15,  and  10  Cc.  respectively. 
Collect  the  combined  chloroformic  solutions  in  an  Erlenmeyer  flask,  evaporate  the 
chloroform,  and  add  to  the  alkaloidal  residue  two  successive  small  portions  of  alcohol, 
evaporating  the  alcohol  each  time.  Now  add  to  the  residue  a  mixture  of  5  Cc.  of 
distilled  water  and  10  Cc.  of  ether,  agitate  the  liquid  gently  and  evaporate  the  ether; 
after  cooling,  filter  the  aqueous  liquid  into  a  separator.  Rinse  the  flask  with  dis- 
tilled water,  pass  the  rinsings  through  the  filter  into  the  separator,  and  shake  out  the 
aqueous  solutions  with  three  successive  portions  of  chloroform,  20,  15,  and  10  Cc. 
respectively.  Collect  the  combined  chloroformic  solutions  in  a  tared  Erlenmeyer 
flask,  evaporate  the  chloroform,  and  treat  the  alkaloidal  residue  with  two  successive 
small  portions  of  alcohol,  evaporating  the  alcohol  each  time,  and  dry  the  residue,  at 
100°  C.  (212°  F.),  to  a  constant  weight.  The  weight  multiplied  by  50  will  give  the 
percentage  of  colchicine  in  the  Extract  of  Colchicum  Corm. 

Assay  of  Fluidextract  of  Colchicum  Seed 

Recipe. — Fluidextract  of  Colchicum  Seed,  ten  cubic  centimeters .   10  Cc. 
Ether, 
Chloroform, 
Alcohol, 

Ammonia  Water, 
Distilled  Water,  each,  a  sufficient  quantity. 

Measure  into  a  separator  10  Cc.  of  Fluidextract  of  Colchicum  Seed,  add  1  Cc. 
of  ammonia  water,  and  shake  out  the  alkaloid  with  three  successive  portions,  15, 
15,  and  10  Cc,  of  chloroform.  Collect  the  chloroformic  solutions  in  a  beaker  or  dish, 
and  evaporate  it  nearly  to  dryness  by  applying  a  very  gentle  heat.  Dissolve  the 
residue  in  10  Cc.  of  ether,  add  5  Cc.  of  water,  stir  well,  and  heat  gently  until  the  ether 
is  evaporated.  After  cooling,  filter  the  aqueous  solution  into  a  small  separator, 
retaining  the  insoluble  matter  as  much  as  possible  in  the  beaker  or  dish.  Redissolve 
the  residue  in  a  little  ether,  add  5  Cc.  of  water,  and  proceed  as  before.  Wash  the 
container  and  filter  with  a  little  water,  and  shake  the  aqueous  solution  well  for  one 
minute  with  15  Cc.  of  chloroform.  Draw  off  the  chloroform,  after  perfect  separation, 
into  a  tared  flask,  and  again  shake  out  the  aqueous  liquid,  successively,  with  three 
portions  of  10  Cc.  each  of  chloroform,  collecting  these  solutions  in  the  tared  flask. 
Evaporate  the  chloroform  completely;  dissolve  the  residue  in  a  little  alcohol,  evapor- 
ate the  latter,  redissolve  it  in  alcohol,  evaporate  the  alcohol  as  before,  and  dry  the 
residue  at  100°  C.  (212°  F.)  until  the  weight,  after  cooling  in  a  desiccator,  remains 
constant.  Multiply  the  weight  of  the  residue  by  10  to  obtain  the  weight  in  grammes 
of  colchicine  contained  in  one  hundred  cubic  centimeters  of  the  Fluidextract  of  Col- 
chicum Seed. 

Assay  of  Tincture  of  Colchicum  Seed 

Transfer  100  Cc.  of  Tincture  of  Colchicum  Seed  to  an  evaporating  dish,  and 
evaporate  it  on  a  water-bath  until  it  measures  about  10  Cc.  Add,  if  necessary, 
sufficient  alcohol  to  dissolve  any  separated  substance,  and  then  assay  the  resulting 
liquid  by  the  method  given  unaer  Fluidexiractum  Colchid  Seminis  (just  above),  with 
the  exception  that  the  multiplication  of  the  product  by  10  be  omitted  ;  the  result 
will  represent  the  weight  in  grammes  of  colchicine  contained  in  one  hundred  cubic 
centimeters  of  Tincture  of  Colchicum  Seed. 
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Assay  of  Conium 

Recipe. — Conitim,  in  No.  60  powder,  ten  grammes 10  Gtn. 

Ether, 
Alcohol, 

Ammonia  Water, 
Normal  Sulphuric  Acid  V.S., 
Sodium  Carbonate  T.S., 
Distilled  Water, 

Hydrochloric  Acid  Solution  (5  per  cent.  HCl),  each, 
a  sufficient  quantity. 

Place  the  Conium  in  a  200-Cc.  Erlenmeyer  flask,  add  100  Co.  of  a  mixture  of 
ether  98  parts,  alcohol  8  parts,  and  ammonia  water  3  parts  (by  volume),  insert  the 
stopper  securely,  and  shake  the  flask  at  intervals  during  four  hours.  After  the 
powder  has  settled,  decant  50  Cc.  of  the  clear  liquid  into  a  beaker  (representing  5  Gm. 
of  Conium),  and  add  sufficient  normal  sulphuric  acid  V.S.  to  produce  a  distinctly  acid 
reaction.  Evaporate  the  ether  at  a  gentle  heat  by  the  aid  of  a  water-bath ;  then  add 
15  Cc.  of  alcohol,  and  set  the  beaker  aside  in  a  cool  place  for  two  hours  to  allow  the 
ammonium  sulphate  to  deposit.  Filter  the  liquid;  wash  the  residue  and  filter  with 
a  little  alcohol,  and  add  the  washings  to  the  filtrate;  neutralize  any  excessive  amount 
of  acid  with  sodium  carbonate  T.S.,  being  careful  to  retain  a  slight  acidity.  Concen- 
trate the  liquid  to  3  Cc.  by  the  aid  of  a  gentle  heat  on  a  water-bath,  add  3  Cc.  of  dis- 
tilled water  and  2  drops  of  normal  sulphuric  acid  V.S.  Add  15  Cc.  of  ether  to  remove 
traces  of  fatty  matter,  pour  off  the  ether  solution,  and  repeat  the  washings  with  15  Cc. 
of  ether.  Then  transfer  the  acid  liquid  to  a  separator,  introduce  a  small  piece  of  red 
litmus-paper,  and  add  sufficient  sodium  carbonate  T.S.  to  render  the  hquid  slightly 
alkaline;  then  shake  out  with  successive  portions  of  15,  15,  and  10  Cc.  of  ether. 
To  the  combined  ether  solutions,  in  a  tared  beaker,  add,  drop  by  drop,  sufficient 
hydrochloric  acid  solution  (5  per  cent.)  to  insure  an  excess  of  acid,  and  then  evaporate 
the  ether  by  a  gentle  heat  on  a  water-bath.  Remove  the  excess  of  hydrochloric  acid 
by  adding  to  the  residue  3  Cc.  of  alcohol  and  heating  gently  to  evaporate  the  liquid, 
repeat  this  operation  once,  and  dry  the  residue  at  a  temperature  not  exceeding 
60°  C.  (140°  F.)  until  the  weight,  after  cooling  in  a  desiccator,  remains  constant. 
The  weight  of  the  residue  multiplied  by  0.777,  and  this  product  by  20,  gives  the  per- 
centage of  coniine  contained  in  the  Conium.     ' 

Assay  of  Fluidextract  op  Conium 

Recipe. — Fluidextract  of  Conium,  ten  cubic  centimeters 10  Cc. 

Ether, 

Alcohol, 

Absolute  Alcohol, 

Ammonia  Water, 

Normal  Sulphuric  Acid  V.S. 

Sodium  Carbonate  T.S., 

Hydrochloric  Acid  Solution  (5  per  cent.  HCl), 

Distilled  Water,  each,  a  sufficient  quantity. 

Transfer  10  Cc.  of  Fluidextract  of  Conium  by  means  of  a  graduated  pipette 
to  an  evaporating  dish  containing  a  little  clean  sand,  and  evaporate  it  to  dryness 
at  a  gentle  heat.  Mix  the  sand  uniformly  with  the  extract  and  transfer  it  to  an 
Erlenmeyer  flask  of  about  200-Cc.  capacity,  rinse  the  dish  with  100  Cc.  of  a  mixture 
of  ether  100  Cc,  alcohol  7  Cc,  and  ammonia  water  3  Cc,  added  in  portions,  and 
transfer  the  rinsings  to  the  flask.  Insert  the  stopper  securely  and  shake  the  flask 
at  intervals  during  one  hour.  Decant  50  Cc  of  the  liquid  (representing  5  Cc.  of  the 
Fluidextract  of  Conium)  into  a  beaker,  and  add  sufficient  normal  sulphuric  acid  V.S. 
to  produce  a  distinctly  acid  reaction.  Evaporate  the  ether  at  a  gentle  heat  by  the 
aid  of  a  water-bath;  then  add  15  Cc.  of  absolute  alcohol,  and  set  the  beaker  aside  in  a 
cool  place  for  two  hours  to  allow  the  ammonium  sulphate  to  deposit.  Filter  the 
liquid;  wash  the  residue  and  filter  with  a  little  absolute  alcohol,  and  add  the  washing 
to  the  filtrate,  neutralize  any  excessive  amount  of  acid  with  sodium  carbonate  T.S., 
being  careful  to  retain  a  slight  acidity.  Concentrate  the  liquid  to  3  Cc.  by  the  aid 
of  a  gentle  heat  on  a  water-bath,  add  3  Cc.  of  distilled  water  and  2  drops  of  normal 
sulphuric  acid  V.S.     Add  15  Cc.  of  ether  to  remove  traces  of  fatty  matter,  pour  off 
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the  ether  solution,  and  repeat  the  washing.  Then  transfer  the  acid  liquid  to  a 
separator,  introduce  a  small  piece  of  red  litmus-paper,  and  add  sufficient  sodium 
carbonate  T.S.  to  render  the  liquid  slightly  alkaline;  then  shake  out  with  successive 

Eortions  of  15,  10,  and  10  Cc.  of  ether.  To  the  combined  ether  solutions  in  a  tared 
eaker  add,  drop  by  drop,  sufficient  hydrochloric  acid  solution  (5  per  cent.)  to  insure 
an  excess  of  acid,  and  then  evaporate  the  ether  by  a  gentle  heat  on  a  water-bath. 
Remove  the  excess  of  hydrochloric  acid  by  adding  to  the  residue  3  Cc.  of  alcohol  and 
heating  gently  to  evaporate  the  liquid,  repeat  this  operation  once,  and  dry  the  residue 
at  a  temperature  not  exceeding  60°  C.  (140°  F.)  until  the  weight,  after  cooling  in  a 
desiccator,  remains  constant.  Multiply  the  weight  of  the  residue  by  0.777,  and  the 
product  by  20,  to  obtain  the  weight  in  grammes  of  coniine  contained  in  one  hundred 
cubic  centimeters  of  the  FluidextraCt  of  Conium. 

Assay  of  Guarana 

Recipe. — Guarana,  in  No.  60  powder,  »ix  grammes 6  Gm. 

Chloroform, 

Ether, 

Ammonia  Water, 

Normal  Sulphuric  Acid  V.S., 

Distilled  Water,  each,  a  sufficient  quardity. 

Introduce  the  Guarana  into  an  Erlenmeyer  flask,  and  pour  upon  it  120  Cc.  of 
chloroform  and  6  Cc.  of  ammonia  water,  and  insert  the  stopper  securely.  Shake 
the  flask  at  intervals  for  half  an  hour,  and  allow  it  to  stand  for  four  hours.  Filter 
a  sufficient  quantity  of  the  liquid  into  a  measuring  cylinder  until  100  Cc.  (representing 
5  Gm.  of  Guarana)  have  been  obtained,  then  transfer  the  filtrate  to  a  flask,  and  distu 
off  aU  the  chloroform  by  means  of  a  water-bath.  Dissolve  the  alkaloidal  residue  in  a 
mixture  of  2  Cc.  of  normal  sulphuric  acid  V.S.  and  20  Cc.  of  warm  distilled  water. 
Allow  the  Uquid  to  cool,  and  filter  it  into  a  separator,  rinse  the  flask  and  filter  with 
several  small  portions  of  distilled  water,  add  20  Cc.  of  chloroform  and  2  Cc.  of  am- 
monia water  to  the  separator,  and  shake  it  for  one  minute.  Draw  off  the  chloroform 
into  a  tared  flask  and  repeat  the  extraction  with  two  portions  of  10  Cc.  each  of  chloro- 
form. Distil  off  the  chloroform  from  the  combined  liquids,  and  when  the  residue 
is  dry  add  2  Cc.  of  ether  and  evaporate  on  a  water-bath  very  carefully  to  avoid 
decrepitation;  continue  the  heating  until  the  weight  of  the  residue  after  cooling  re- 
mains constant.  This  weight  multiplied  by  20  will  give  the  percentage  of  the 
alkaloidal  principles  contained  in  the  Guarana. 

Assay  of  Fluidextract  of  Guarana 

Recipe. — Fluidextract  of  Guarana,  five  cubic  centimeters 5  Cc. 

Chloroform, 

Ether, 

Ammonia  Water, 

Normal  Sulphuric  Acid  V.S., 

Distilled  Water,  each,  a  sufficient  quantity. 

Transfer  to  a  separator  5  Cc.  of  Fluidextract  of  Guarana,  add  15  Cc.  of  chloro- 
form and  1  Cc.  of  ammonia  water.  Shake  well  and  aUow  the  hquid  to  separate  com- 
pletely. Draw  off  the  chloroform  into  a  beaker.  Shake  out  the  fluid  remaining 
in  the  separator  with  two  additional  portions  of  chloroform  of  10  Cc.  each,  evaporate 
the  combined  chloroformic  solutions  carefully  to  dryness.  Dissolve  the  alkaloidal 
residue  in  a  mixture  of  2  Cc.  of  normal  sulphuric  acid  V.S.  and  20  Cc.  of  warm  dis- 
tilled water.  Allow  it  to  cool,  and  filter  the  solution  into  a  separator,  rinse  the  flask 
and  filter  with  distiUed  water,  adding  the  rinsings  to  the  separator,  then  add  20  Cc. 
of  chloroform  and  2  Cc.  of  ammonia  water  and  shake  the  separator  for  one  minute. 
Draw  off  the  chloroform  into  a  tared  flask,  and  repeat  the  extraction  with  two  por- 
tions of  10  Cc.  each  of  chloroform,  adding  this  to  the  tared  flask.  Distil  off  the  chloro- 
form, and,  when  dry,  add  2  Cc.  of  ether,  and  evaporate  this  very  carefully  with  the 
aid  of  a  water-bath  (to  avoid  decrepitation).  Dry  the  residue  to  a  constant  weight 
on  the  water-bath.  Multiply  the  weight  by  20,  which  will  give  the  weight  in  grammes 
of  alkaloids  contained  in  one  hundred  cubic  centimeters  of  Fluidextract  of  Guarana. 
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Assay  of  Hydrastis 

Recipe. — Hydrastis,  in  No.  60  powder,  fifteen  grammes 15  Gm. 

Ether, 

Ammonia  Water, 

Distilled  Water, 

Normal  Sulphuric  Acid  V.S.  each,  a  sufficient  quantity. 

Introduce  the  Hydrastis  into  an  Erlenmeyer  flask  of  250-Cc.  capacity,  add  150 
Cc.  of  ether,  shake  the  flask  during  ten  minutes,  and  add  5  Cc.  of  ammonia  water, 
again  shaking  the  flask  at  intervals  during  half  an  hour.  Then  add  15  Cc.  of  dis- 
tilled water  to  the  mixture  in  the  flask  and  shake  it  until  the  drug  collects  in  masses, 
and  at  once  pour  off,  into  a  measuring  cylinder,  100  Cc.  of  the  supernatant  ether 
solution  and  transfer  it  to  a  separator.  Add  15  Cc.  of  normal  sulphuric  acid  V.S. 
to  the  separator,  and  shake  it  moderately  during  one  minute.  Allow  the  hquids  to 
separate,  and  draw  off  the  lower  acid  hquid  into  a  second  separator.  Again  shake 
out  the  ether  solution  with  5  Cc.  of  normal  sulphuric  acid  V.S.  and  5  Cc.  of  distilled 
water,  and  shake  the  separator  for  one  minute.  After  the  liquids  have  separated, 
draw  off  the  acid  solution  as  before  into  the  second  separator.  Repeat  the  same 
process  with  5  Cc.  of  distilled  water,  drawing  this  also  into  the  second  separator. 
Introduce  a  small  piece  of  red  litmus-paper  into  the  second  separator,  add  enough 
ammonia  water  to  render  the  liquid  alkaline,  and  then  25  Cc.  of  ether,  and  shake  the 
separator  moderately  during  one  minute,  and  when  the  liquids  have  separated  draw 
off  the  lower  alkaline  liquid  into  another  separator,  and  the  ether  solution  into  a  tared 
beaker.  Again  shake  out  the  alkaUne  liquid,  using  20  Cc.  of  ether,  shake  the  separator 
for  one  minute,  and  when  the  liquids  have  separated,  draw  off  the  alkaline  liquid  into 
the  other  separator,  and  the  ether  solution  into  the  tared  beaker.  Finally,  again 
shake  out  the  alkaline  liquid,  using  15  Cc.  of  ether,  proceeding  as  before,  and  adding 
the  ether  solution  to  the  liquid  in  the  tared  beaker.  Evaporate  the  ether  care- 
fully with  the  aid  of  a  water-bath,  and  dry  the  alkaloidal  residue  in  the  beaker  to  a 
constant  weight  at  100°  C.  (212°  F.).  The  weight  found,  multiplied  by  10,  will  give 
the  percentage  of  hydrastine  in  the  Hydrastis. 

Assay  op  Fluidextract  of  Hydrastis 

Recipe. — Fluidextract  of  Hydrastis,  ten  cubic  centimeters 10  Cc. 

Distilled  Water, 

Potassiiun  Iodide, 

Ammonia  Water, 

Ether,  each,  a  sufficient  quantity. 

Transfer  10  Cc.  of  Fluidextract  of  Hydrastis  by  means  of  a  graduated  pipette 
to  a  100-Cc.  measuring  flask,  add  85  Cc.  of  distilled  water  in  which  2  Gm.  of  potas- 
sium iodide  have  been  previously  dissolved,  and  sufficient  water  to  make  100  Cc, 
and  shake  the  liquid  for  several  minutes.  Then  filter,  50  Cc.  of  the  liquid  into  a 
measuring  cylinder  and  transfer  it  to  a  separator.  Render  the  liquid  alkaline  with 
ammonia  water,  add  30  Cc.  of  ether,  and  shake  the  separator  at  intervals  during 
several  minutes.  When  separated,  draw  off  the  aqueous  layer  into  a  beaker  and 
the  ether  solution  into  a  tared  beaker.  Return  the  aqueous  solution  to  the  separator, 
and  shake  it  with  20  Cc.  more  of  ether  for  one  minute.  Draw  off  and  reject  the 
aqueous  layer,  and  run  the  ether  solution  into  the  tared  beaker.  Allow  the  com- 
bined ether  solutions  to  evaporate  at  a  gentle  heat,  and  dry  the  residue  in  the  beaker 
to  a  constant  weight  on  a  water-bath.  Multiply  the  weight  by  20,  which  will  give 
the  weight  in  grammes  of  hydrastine  contained  in  one  hundred  cubic  centimeters  of 
Fluidextract  of  Hydrastis. 

Assay  of  Tincture  op  Hydrastis 

Transfer  100  Cc.  of  Tincture  of  Hydrastis  to  an  evaporating  dish,  and  evapo- 
rate it  on  a  water-bath  until  the  liquid  measures  about  10  Cc.  If  any  insoluble 
matter  has  separated,  add  sufficient  alcohol  to  dissolve  it,  and  then  assay  the  resulting 
liquid  by  the  method  given  under  Fluidextractum  Hydrastis  (see  just  above),  using 
the  same  details  as  there  directed  for  10  Cc.  of  Fluidextract  of  Hydrastis,  with  the 
exception  that  the  weight  of  the  residual  alkaloids  must  be  multiplied  by  2  instead 
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of  by  20,  as  there  directed,  to  give  the  weight  in  grammes  of  hydrastine  contained  in 
one  hundred  cubic  centimeters  of  Tincture  of  Hydrastis. 

Assay  of  Opium 

Recipe. — Opium,  in  any  condition  to  be  valued,  ten  grammes. .   10.0  Gm. 
Ammonia  Water,  three  and  one-half  cubic  centimeters,     3.5  Cc. 
Alcohol, 
Ether, 

Distilled  Water, 
Lime  Water,  each,  a  sufficient  quantity. 

Introduce  the  Opium  (which,  if  fresh,  should  be  in  very  small  pieces,  and  if  dry, 
in  very  fine  powder)  into  an  Erlenmeyer  flask  having  a  capacity  of  about  300  Cc, 
add  100  Cc.  of  distilled  water,  stopper  the  flask,  and  agitate  it  every  ten  minutes 
(or  continuously  in  a  mechanical  shaker)  during  three  hours.  Then  pour  the  con- 
tents as  evenly  as  possible  upon  a  wetted  filter  having  a  diameter  of  12  Cm.,  and, 
when  the  liquid  has  drained  off,  wash  the  residue  with  distilled  water,  carefully 
dropped  upon  the  edges  of  the  filter  and  its  contents,  until  150  Cc.  of  filtrate  have 
been  obtained.  Then  carefully  transfer  the  moist  Opium  back  to  the  flask  by  means 
of  a  spatula,  add  50  Cc.  of  distilled  water,  agitate  it  thoroughly  and  repeatedly  during 
fifteen  minutes,  and  return  the  whole  to  the  filter.  When  the  liquid  has  drained  off, 
wash  the  residue,  as  before,  until  the  second  filtrate  measures  150  Cc,  and  finally 
collect  about  20  Cc.  more  of  a  third  filtrate.  Evaporate  carefully  in  a  tared  dish, 
first,  the  second  filtrate  to  a  small  volume,  then  add  the  first  filtrate,  rinsing  the 
vessels  with  the  third  filtrate,  and  continue  the  evaporation  until  the  residue  weighs 
14  Gm.  Rotate  the  concentrated  solution  about  in  the  dish  until  the  rings  of  extract 
are  redissolved,  pour  the  liquid  into  a  tared  Erlenmeyer  flask  having  a  capacity  of 
about  100  Cc,  and  after  the  rinsings  have  been  added  to  the  flask,  weighs  20  Gm. 
Then  add  10  Gm.  (or  12.2  Cc.)  of  alcohol,  shake  the  flask  well,  add  25  Cc.  of  ether, 
and  repeat  the  shaking.  '  Now  add  the  ammonia  water  from  a  graduated  pipette  or 
burette,  stopper  the  flask  with  a  sound  cork,  shake  it  thoroughly  during  ten  minutes, 
and  then  set  it  aside,  in  a  moderately  cool  place,  for  at  least  sixteen  hours. 

Remove  the  stopper  carefully,  and  should  any  crystals  adhere  to  it,  brush  them 
into  the  flask.  Place  in  a  small  funnel  two  rapidly  acting  filters,  of  a  diameter  of 
7  Cm.,  plainly  folded,  one  within  the  other  (the  triple  fold  of  the  inner  filter  being 
laid  against  the  single  side  of  the  outer  filter),  wet  them  well  with  ether,  and  decant 
the  ethereal  solution  as  completely  as  possible  upon  the  inner  filter.  Add  10  Cc. 
of  ether  to  the  contents  of  the  flask,  rotate  it,  and  again  decant  the  ethereal  layer 
upon  the  inner  filter.  Repeat  this  operation  with  another  portion  of  10  Cc.  of  ether. 
Then  pour  the  liquid  in  the  flask  into  the  filter,  in  portions,  in  such  a  way  as  to  transfer 
the  greater  portion  of  the  crystals  to  the  filter,  and,  when  the  liquid  has  passed 
through,  transfer  the  remaining  crystals  to  the  filter  by  washing  the  flask  with 
several  portions  of  water,  using  not  more  than  15  Cc.  in  all.  Use  a  feather  or  rubber- 
tipped  glass  rod  to  remove  the  crystals  that  adhere  to  the  flask.  Allow  the  double 
filter  to  drain,  then  apply  water  to  the  crystals,  drop  by  drop,  until  they  are  practi- 
cally free  from  mother-liquor,  and  afterward  wash  them,  drop  by  drop,  from  a 
Eipette,  with  alcohol  previously  saturated  with  powdered  morphine.  When  this 
as  passed  through,  displace  the  remaining  alcohol  by  ether,  using  about  10  Cc.  or 
more,  if  necessary.  Allow  the  filter  to  dry  in  a  moderately  warm  place,  at  a  tempera- 
ture not  exceding  60°  C.  (140°  F.),  until  its  weight  remams  constant,  then  carefully 
transfer  the  crystals  to  a  tared  watch-glass  and  weigh  them. 

Place  the  crystals  (which  are  not  quite  pure)  in  an  Erlenmeyer  flask,  add  lime 
water  (10  Cc.  for  each  0.1  Gm.  of  morphine)  and  shake  the  flask  at  intervals  during, 
half  an  hour.  Pass  the  liquid  through  two  counterpoised  rapidly  acting,  plainly 
folded  filters,  one  within  the  other  (the  triple  fold  of  the  inner  filter  being  laid  against 
the  single  fold  of  the  outer  filter),  rinse  the  flask  with  more  lime  water  and  pass  the 
washings  through  the  filter  until  the  filtrate,  after  acidulating,  no  longer  yields  a  pre- 
cipitate with  mercuric  potassium  iodide  T.S.  Press  the  filters  iintil  nearly  dry 
between  bibulous  paper  and  dry  them  to  a  constant  weight,  then  weigh  the  contents, 
using  the  outer  filter  as  a  counterpoise.  Deduct  the  weight  of  the  insoluble  matter 
on  the  filter  from  the  weight  of  the  impure  morphine  previously  found.  The  differ- 
ence, multiplied  by  10,  represents  the  percentage  of  crystallized  morphine  contained 
in  the  Opium. 

65 
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Assay  of  Extract  of  Opium 

Redpe.—ExtrSLCt  of  Opium,  dried  at  100°  C.  (212°  F.),  four 

grammes 4.0  Crm. 

Ammonia  Water,  two  and  two-tenths  cubic  centimeters. .  2.2  Cc. 

Alcohol, 

Ether, 

Water, 

Lime  Water,  each,  o  sufficient  quantity. 

Dissolve  the  Extract  of  Opium  in  30  Cc.  of  water,  filter  the  solution  through 
a  small  filter,  and  wash  the  filter  and  residue  with  water,  until  all  soluble  matters 
are  extracted,  collecting  the  washings  separately.  Evaporate,  in  a  tared  dish,  on  a 
water-bath,  first,  the  washings  to  a  small  volume,  then  add  the  first  filtrate,  and 
evaporate  the  whole  to  a  weight  of  10  Gm.  Rotate  the  concentrated  solution  in  the 
dish  until  the  rings  of  extract  are  redissolved,  pour  the  liquid  into  a  tared  Erlenmeyer 
flask  having  a  capacity  of  about  100  Cc,  and  rinse  the  dish  with  a  few  drops  of  water 
at  a  time,  until  the  entire  solution  weighs  15  Gm.  Add  7  Gm.  (or  8.5  Cc.)  of  alcohol, 
shake  the  flask  well,  then  add  20  Cc.  of  ether,  and  repeat  the  shaking.  Now  add 
the  ammonia  water  from  a  graduated  pipette  or  burette,  stopper  the  flask  with  a 
sound  cork,  shake  it  thoroughly  during  ten  minutes,  and  then  set  it  aside,  in  a  moder- 
ately cool  place,  for  at  least  six  hours  or  over  night. 

Remove  the  stopper  carefully,  and,  should  any  crystals  adhere  to  it,  brush 
them  into  the  flask.  Place  in  a  small  funnel  two  rapidly  acting  filters,  of  a  diameter 
of  7  Cm.,  plainly  folded,  one  within  the  other  (the  triple  fold  of  the  inner  filter  being 
laid  against  the  single  side  of  the  outer  filter),  wet  them  well  with  ether,  and  decant 
the  ether  solution  as  completely  as  possible  upon  the  inner  filter.  Add  15  Cc.  of 
ether  to  the  contents  of  the  flask,  rotate  it,  and  again  decant  the  ethereal  layer  upon 
the  inner  filter.  Repeat  this  operation  with  another  portion  of  15  Cc.  of  ether. 
Then  pour  into  the  filter  the  liquid  in  the  flask,  in  portions,  in  such  a  way  as  to 
transfer  the  greater  portion  of  the  crystals  to  the  filter,  and,  when  the  liquid  has 
passed  through,  transfer  the  remaining  crystals  to  the  filter  by  washing  the  flask 
with  several  portions  of  water,  using  not  more  than  about  10  Cc.  in  all.  Allow 
the  double  filter  to  drain,  then  apply  water  to  the  crystals,  drop  by  drop,  until  they 
are  practicaUy  free  from  mother-liquor,  and  afterward  wash  them  with  alcohol  (pre- 
viously saturated  with  powdered  morphine),  added  drop  by  drop  from  a  pipette. 
When  this  has  passed  through,  displace  the  remaining  alcohol  by  ether,  using  about 
10  Cc.  or  more  if  necessary.  Allow  the  filter  to  dry  in  a  moderately  warm  place, 
at  a  temperature  not  exceeding  60°  C.  (140°  F.),  until  its  weight  remains  constant, 
then  carefuUy  transfer  the  crystals  of  morphine  to  a  tared  watch-glass  and  weigh 
them. 

Transfer  the  crystals  (which  are  not  quite  pure)  to  an  Erlenmeyer  flask,  add 
lime  water  in  the  proportion  of  10  Cc.  for  each  0.1  Gm.  of  morphine,  and  shake  the 
flask  at  intervals  for  twenty-five  minutes.  Pass  the  liquid  through  two  counter- 
poised rapidly  acting,  plainly  folded  filters,  one  within  the  other  (the  triple  fold  of  the 
inner  filter  being  laid  against  the  single  side  of  the  outer  filter),  and  rinse  the  flask 
with  additional  lime  water,  passing  the  washings  through  the  filter  until  the  filtrate, 
after  acidulation,  no  longer  yields  a  precipitate  with  mercuric  potassium  iodide  T.S. 
Then  press  the  filters  between  bibulous  paper,  dry  them  to  a  constant  weight,  and 
weigh  the  contents  of  the  inner  filter,  using  the  outer  as  a  counterpoise.  Subtract 
the  weight  of  the  insoluble  matter  on  the  filter  from  the  weight  of  the  impure  mor- 
phine previously  found,  and  the  difference,  multiplied  by  25,  will  be  the  percentage 
of  pure  crystalline  morphine  contained  in  the  Extract  of  Opium. 

Assay  of  Tincture  op  Opium 

Recipe. — Tincture  of  Opium,  one  hundred  cubic  centimeters 100.0  Cc. 

Ammonia  Water,  three  and  one-half  cubic  centimeters,      3.5  Cc. 

Alcohol, 

Ether, 

Water, 

Lime  Water,  each,  a  sufficient  quantity. 

Transfer  100  Cc.  of  Tincture  of  Opium  to  an  evaporating  dish  and  evaporate  it 
on  a  water-bath  to  about  20  Cc,  add  40  Cc.  of  water,  mix  thoroughly,  and  set  the 
liquid  aside  for  one  hour,  occasionally  stirring  to  disintegrate  the  resinous  flakes 
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adhering  to  the  dish.  Then  filter  the  hquid  and  wash  the  filter  and  residue  with 
water,  until  all  soluble  matter  is  extracted  (indicated  by  an  almost  colorless  filtrate), 
and  collect  the  washings  separately.  First  evaporate  the  washings,  in  a  tared  dish, 
to  a  small  volume,  then  add  the  first  filtrate  and  evaporate  the  whole  to  a  weieht  of 
14  Gm.  ^ 

Determine  the  morphine  in  this  extract  by  the  method  given  under  Opium  (p.  1025 
twenty-first  line  of  the  Assay,  beginning  with  the  word  "Rotate"),  using  the  same 
details  as  there  directed  for  10  Gm.  of  Opium,  with  the  exception  that  the  final  multi- 
pUcation  by  10  be  omitted.  The  result  will  represent  the  weight  in  grammes  of 
crystallized  morphine  yielded  by  one  hundred  cubic  centimeters  of  Tincture  of  Opium. 

Assay  of  Tincture  of  Deodorized  Opium 

If  100  Cc.  of  Tincture  of  Deodorized  Opium  be  assayed  by  the  process  given 
under  Tinctura  Opii  (p.  1027),  it  should  yield  not  less  than  1.2  nor  more  than  1 .25  Gm. 
of  crystallized  morphine. 

These  assays  are  reproduced  exactly  as  given  in  the  pharma- 
copoeia because  condensation  is  difficult  and  tabulation  almost  impos- 
sible. 

Jalap  is  assayed  by  extraction  and  weighing,  but  as  the  assay  is 
a  purely  physical  process,  involving  no  chemical  change  and  no 
"shaking  out,"  it  is  placed  under  the  discussion  of  the  drug  on  p.  717. 

It  might  be  well  to  here  explain  the  seeming  discrepancy  in  the  statements  on 
pp.  717  and  718  relating  to  the  resin  of  jalap.  On  p.  717  we  learn  that  jalap  should 
contain  7  per  cent,  of  resin,  of  which  not  more  than  15  per  cent,  should  be  soluble 
in  ether.  This  clearly  means  that  15  per  cent,  of  7  per  cent,  or  1.05  percent,  of  the 
weight  of  the  drug  should  be  resin  soluble  in  ether. 

OFFICIAL  ASSAYS  IN  WHICH  THE  ALKALOID  IS  TITRATED 

Assay  op  Aconite 

Recipe. — Aconite,  in  No.  40  powder,  ten  grammes 10  Gm. 

Alcohol, 

Distilled  Water, 

Ether, 

Ammonia  Water, 

Tenth -normal  sulphuric  Acid  V.S., 

Fiftieth -normal  Potassium  Hydroxide  V.S., 

Cochineal  T.S.,  each,  a  sufficient  quantity. 

Introduce  the  Aconite  into  a  200-Cc.  Erlenmeyer  flask,  add  75  Cc.  of  a  mixture 
of  alcohol,  7  parts,  and  distilled  water,  3  parts  (by  volume),  stopper  the  flask  securely, 
and  agitate  it  at  intervals  during  four  hours.  After  placing  a  pledget  of  cotton  in  the 
bottom  of  a  small  cylindrical  glass  percolator  (25  Mm.  in  diameter),  carefully  transfer 
the  contents  of  the  flask  to  the  percolator.  When  the  hquid  has  all  passed  through, 
continue  the  percolation  with  more  of  the  same  mixture  until  150  Cc.  of  percolate 
have  been  obtained.  Pour  the  percolate  into  a  shallow  porcelain  evaporating  dish, 
and  evaporate  it  to  dryness  at  a  temperature  not  exceeding  60°  C.  (140°  F.).  Add 
5  Cc.  of  tenth-normal  sulphuric  acid  V.S.  and  25  Cc.  of  distilled  water.  When  the 
extract  is  dissolved,  filter  the  liquid  into  a  separator,  washing  the  dish  and  filter  with 
about  25  Cc.  of  distilled  water,  and  add  the  washings  to  the  separator.  Add  25  Cc. 
of  ether  and  2  Cc.  of  ammonia  water  to  the  separator,  and  agitate  it  for  one  minute. 
Draw  off  the  lower  layer  into  a  flask  and  filter  the  ether  solution  into  a  beaker. 
Return  the  contents  of  the  flask  to  the  separator,  add  15  Cc.  of  ether,  and  again  agitate 
it  for  one  minute.  Draw  off  the  lower  layer  into  the  flask  and  filter  the  ether  solution 
into  the  beaker.  Repeat  the  shaking  out  with  two  other  portions  of  10  Cc.  each 
of  ether.  Evaporate  the  combined  ether  solutions  to  dryness  and  dissolve  the 
residue  in  3  Cc.  of  tenth-normal  sulphuric  acid  V.S.  Add  to  the  solution  5  drops 
of  cochineal  T.S.,  and  then  carefully  nm  in  fiftieth-normal  potassium  hydroxide 
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V.S.  until  a  pink  color  is  produced.  Divide  the  number  of  Cc.  of  fiftieth- 
normal  potassium  hydroxide  V.S.  used  by  5,  subtract  this  number  from  3  (the  3  Cc. 
of  tentli-normal  sulphuric  acid  V.S.  taken),  multiply  the  remainder  by  0.064,  and 
this  product  by  10,  which  will  give  the  percentage  of  aconitine  in  the  Aconite. 

Assay  of  Fluidextract  of  Aconite 

Recipe. — Fluidextract  of  Aconite,  ten  cubic  centimeters 10  Cc. 

Ether, 

Distilled  Water, 

Ammonia  Water, 

Tenth -normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassium  Hydroxide  V.S., 

Cochineal  T.S.,  each,  a  sufficient  quantity. 

Transfer  10  Cc.  of  Fluidextract  of  Aconite  by  means  of  a  graduated  pipette  to 
a  porcelain  dish,  and  evaporate  it  carefully  to  clryness  on  a  water-bath  at  a  tem- 
perature not  exceeding  60°  C.  (140°  F.).  Add  5  Cc.  of  tenth-normal  sulphuric  acid 
V.S.  and  25  Cc.  of  distilled  water.  When  the  extract  is  dissolved,  filter  the  liquid 
into  a  separator,  washing  the  dish  and  filter  with  about  25  Cc.  of  distilled  water; 
when  this  has  passed  through,  add  25  Cc.  of  ether  and  2  Cc.  of  ammonia  water  to 
the  separator,  and  agitate  for  one  minute.  Draw  off  the  lower  layer  into  a  flask  and 
filter  the  ether  solution  into  a  beaker.  Return  the  contents  of  the  flask  to  the  sepa- 
rator, add  15  Cc.  of  ether,  and  agitate  for  one  minute.  Draw  off  the  lower  layer 
into  the  flask  and  filter  the  ether  solution  into  the  beaker.  Repeat,  with  two  other 
portions  of  10  Cc.  each  of  ether.  Evaporate  the  ether  solution  to  dryness  and  dis- 
solve the  residue  in  3  Cc.  of  tenth-normal  sulphuric  acid  V.S.  diluted  with  20  Cc. 
of  distilled  water.  Add  to  the  solution  5  drops  of  cochineal  T.S.,  and  then  carefaUy 
run  in  fiftieth-normal  potassium  hydroxide  V.S.  until  a  pink  color  is  produced. 
Divide  the  number  of  Cc.  of  fiftieth-normal  potassium  hydroxide  V.S.  used 
by  5,  subtract  this  number  from  3  (the  3  Cc.  of  tenth-normal  sulphuric  acid  V.S. 
taken),  multiply  the  remainder  by  0.064,  and  this  product  by  10,  which  will  give  the 
weight  in  grammes  of  aconitine  contained  in  one  hundred  cubic  centimeters  of  the  Fluid- 
extract  of  Aconite. 

Assay  op  Tincture  of  Aconite 

Transfer  100  Cc.  of  Tincture  of  Aconite  to  an  evaporating  dish  and  evaporate 
it  carefully  to  dryness  at  a  temperature  not  exceeding  60°  C.  (140°  F.),  and  assay 
the  resulting  extract  by  the  method  given  under  Fluidextractum  Aconiti  (above),  use 
the  same  details  as  there  directed  for  10  Cc.  of  Fluidextract  of  Aconite,  with  the  ex- 
ception that  the  multiplication  of  the  product  by  10  must  be  omitted;  the  result  will 
represent  the  weight  in  grammes  of  aconitine  contained  in  one  hundred  cuMc  centi- 
meters of  Tincture  of  Aconite. 

Assay  of  Belladonna  Leaves 

Recipe. — Belladonna  Leaves,  in  No.  60  powder,  ten  grammes. . .   10  Gm. 
Chloroform, 
Ether, 

Normal  Sulphuric  Acid  V.S., 
Ammonia  Water, 
Distilled  Water, 

Tenth -normal  Sulphuric  Acid  V.S., 
Fiftieth -normal  Potassium  Hydroxide  V.S. 
Cochineal  T.S.  or  lodeosin  T.S.,  each,  a  sufficient  quantity. 

Place  the  Belladonna  Leaves  in  an  Erlenmeyer  flask,  and  add  50  Cc.  of  a  mix- 
ture of  chloroform  1  part  and  ether  4  parts  (both  by  volume).  After  inserting  the 
stopper  securely,  allow  the  flask  to  stand  ten  minutes,  then  add  2  Cc.  of  ammonia 
water  mixed  with  3  Cc.  of  distilled  water,  and  shake  the  flask  well  at  frequent  in- 
tervals during  one  hour.  Then  transfer  as  much  as  possible  of  the  contents  of  the 
flask  to  a  small  percolator  which  has  been  provided  with  a  pledget  of  cotton  packed 
firmly  in  the  neck  and  inserted  in  a  separator  containing  6  Cc.  of  normal  sulphuric 
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acid  V.S.  diluted  with  20  Cc.  of  distilled  water.  When  the  liquid  has  passed  through 
the  cotton,  pack  the  Belladonna  Leaves  firmly  in  the  percolator  with  the  aid  of  a  glass 
rod,  and  having  rinsed  the  flask  with  10  Cc.  of  the  chloroform-ether  mixture,  transfer 
the  remaining  contents  of  the  flask  to  the  percolator,  by  the  aid  of  several  small 
portions  (5  Cc.)  of  the  chloroform-ether  mixture,  and  continue  the  percolation  with 
successive  small  portions  of  the  same  liquid  (using  in  all  50  Cc).  Next,  shake  the 
separator  well  for  one  minute,  after  securely  inserting  the  stopper,  and  when  the 
liquids  have  completely  separated,  draw  off  the  acid  solution  into  another  separator. 
Add  to  the  chloroform-ether  mixture  10  Cc.  of  sulphuric  acid  mixture  of  the  same 
strength  as  that  previously  used,  agitate  well,  and  again  draw  off  the  acid  solution 
into  the  second  separator;  repeat  this  operation  once  more,  drawing  off  the  acid 
solution  as  before;  introduce  into  the  acid  solutions  contained  in  the  second  separator 
a  small  piece  of  red  litmus-paper,  then  add  ammonia  water  until  the  liquid  is  dis- 
tinctly alkaline,  and  shake  out  with  three  successive  portions  of  chloroform,  15,  15, 
and  5,  Cc;  collect  the  chloroform  solutions  in  a  beaker,  place  it  on  a  water-bath 
containing  warm  water,  and  allow  the  chloroform  to  entirely  evaporate.  Dissolve 
the  residue  in  3  Cc.  of  ether,  and  let  this  also  evaporate  completely.  To  the  alkaloidal 
residue  add  3  Cc  of  tenth-normal  sulphuric  acid  V.S.  and  5  drops  of  cochineal 
T.S.  (or  iodeosin  T.S.),  then  titrate  the  excess  of  acid  with  fiftieth-normal  potassium 
hydroxide  V.S.  Divide  the  number  of  cubic  centimeters  of  fiftieth-normal  potassium 
hydroxide  V.S.  used  by  5,  subtract  the  quotient  from  3  (the  3  Cc.  of  tenth-normal 
sulphuric  acid  V.S.  taken),  and  multiply  the  remainder  by  0.0287,  and  this  product 
by  10;  the  result  will  be  the  percentage  of  total  mydriatic  alkaloids  contained  in  the 
Belladonna  Leaves. 

Assay  op  Belladonna  Plaster  (Rubber  Base) 

Recipe. — Belladonna  Plaster,  spread  upon  cloth,  ten  grammes,  10  Gm. 
Chloroform, 
Ammonia  Water, 
Alcohol, 
Distilled  Water, 
Normal  Sulphuric  Acid  V.S., 
Tenth -normal  Sulphuric  Acid  V.S., 
Fiftieth-normal  Potassium  Hydroxide  V.S., 
Cochineal  T.S.,  each,  a  sufficient  quantity. 

Into  a  suitable  beaker  containing  50  Cc  of  chloroform  and  3  Cc.  of  ammonia 
water,  introduce  the  Belladonna  Plaster  cut  into  strips.  Stir  until  the  Plaster  is 
entirely  removed  from  the  cloth;  then  pour  off  the  chloroform  into  another  beaker, 
wash  the  cloth  with  25  Cc.  of  chloroform  and  1  Cc  of  ammonia  water  carefully,  and 
add  the  washings  to  the  chloroformic  solution  first  obtained.  If  necessary,  repeat 
the  washing  with  25  Cc.  of  chloroform  and  add  this  also  to  the  chloroformic  solution. 
Then  dry  the  cloth  at  a  low  temperature;  cool  and  weigh  it,  and  subtract  its  weight 
from  the  original  weight  of  the  Plaster.  To  the  chloroformic  solution  add  four- 
fifths  of  its  volume  of  alcohol,  stir  gently,  and  allow  the  hquid  to  stand  until  all  of 
the  rubber  has  separated  in  a  compact  mass.  Then  pour  off  the  supernatant  liquid 
into  a  separator  of  250-Cc.  capacity,  and,  having  prepared  a  solution  of  sulphuric 
acid  by  diluting  40  Cc.  of  normal  sulphuric  acid  V.S.  with  60  Cc.  of  distilled  water, 
add  20  Cc.  of  the  solution  to  the  separator,  and  agitate  for  two  minutes,  rotating 
gently.  Draw  off  the  chloroformic  solution  into  another  separator,  shake  this  with 
10  Cc.  of  the  sulphuric  acid  solution,  and  add  the  acid  solution  to  that  in  the  first 
,  separator.  Repeat  until  the  acid  washings  cease  to  giVe  a  reaction  with  mercuric 
potassium  iodide  T.S.;  combine  the  acid  liquids,  and,  having  rendered  this  solution 
alkaline  with  ammonia  water,  shake  out  the  alkaloids  with  three  successive  portions 
of  25,  15,  and  10  Cc.  of  chloroform.  Collect  these  in  a  flask,  distil  off  all  of  the  chloro- 
form with  the  aid  of  a  water-bath.  To  the  alkaloidal  residue  add  a  shght  excess  of 
tenth-normal  sulphuric  acid  V.S.,  noting  the  quantity  used,  and  then  add  10  drops 
of  chloroform  and,  after  rotating,  evaporate  the  latter  by  means  of  a  water-batn. 
Then  add  5  drops  of  cochineal  T.S.,  and,  rotating,  titrate  the  excess  of  acid  with 
fiftieth-normal  potassium  hydroxide  V.S.  Divide  the  number  of  cubic  centimeters 
of  fiftieth-normal  potassium  hydroxide  V.S.  used  by  5,  subtract  the  quotient  from 
the  number  of  cubic  centimeters  of  tenth-normal  sulphuric  acid  V.S.  first  added, 
and  divide  the  difference  by  the  number  of  grammes  of  Belladonna  Plaster  separated 
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from  the  cloth;  multiply  the  quotient  by  0.0287,  and  this  product  by  100,  which  will 
give  the  percentage  of  mydriatic  alkaloids  in  the  Belladonna  Plaster. 

Assay  of  Extract  op  Belladonna  Leaves 

Recipe. — Extract  of  Belladonna  Leaves,  p,ve  grammes S  Gm. 

Alcohol, 

Ammonia  Water, 

Distilled  Water, 

Chloroform, 

Normal  Sulphuric  Acid  V.S.^ 

Tenth -normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassium  Hydroxide  V.S., 

Cochineal  T.S.  or  lodeosin  T.S.,  each,  a  sufficient  quantity. 

Introduce  the  Extract  of  Belladonna  Leaves  into  a  small  beaker  and  dissolve 
it  in  a  mixture  consisting  of  alcohol  5  Cc,  distilled  water  10  Cc,  ammonia  water 
2  Cc,  and  chloroform  20  Cc.  When  dissolved,  transfer  it  to  a  separator,  rinsing 
the  beaker  with  a  little  alcohol  and  adding  the  rinsings  to  the  separator.  Insert 
the  stopper  securely  and  shake  the  separator  for  half  a  minute.  Draw  off  the 
chloroformic  layer  into  a  second  separator,  and,  add  to  the  first  separator  10  Cc. 
more  of  chloroform.  Shake  it  for  half  a  minute,  allow  to  separate,  and  again  draw 
off  the  chloroformic  layer  into  the  second  separator.  Repeat  this  with  10  Cc.  more 
of  chloroform.  To  the  united  chloroformic  liquids  in  the  second  separator,  add  5  Cc. 
of  normal  sulphuric  acid  V.S.  and  10  Cc.  of  distilled  water,  and  shake  it  for  half  a 
minute.  Draw  off  the  chloroformic  layer,  after  the  liquids  have  separated,  into  the 
first  separator,  after  cleaning  it  thoroughly,  and  the  aqueous  layer  into  a  beaker, 
and  repeat  the  process  by  adding  to  the  first  separator  10  Cc.  of  distilled  water  and 
1  Cc.  of  normal  sulphuric  acid  V.S.  Draw  off  the  chloroformic  layer,  rejecting  the 
same,  and  then  run  the  acid  aqueous  layer  into  the  beaker.  Pass  the  combined  acid 
aqueous  solutions  through  a  pledget  of  purified  cotton  into  the  first  separator,  after 
cleaning  it  thoroughly,  rinsing  the  second  separator,  the  beaker,  and  the  funnel 
with  about  10  Cc.  of  distilled  water.  To  the  first  separator,  add  15  Cc.  of  chloroform, 
a  small  piece  of  red  litmus-paper,  and  enough  ammonia  water  to  produce  a  distinctly 
alkaline  reaction.  Shake  the  separator  for  half  a  minute,  and  when  the  liquids  have 
separated,  draw  off  the  chloroformic  layer  into  a  beaker.  Repeat  this  process  with 
two  portions  of  10  Cc.  each  of  chloroform,  and  evaporate  the  combined  chloroformic 
liquids  in  the  beaker  to  dryness  on  a  water-bath  containing  warm  water;  dissolve 
the  residue  in  3  Cc.  of  ether  and  allow  the  latter  to  evaporate  completely.  To  the 
alkaloidal  residue  add  5  Cc.  of  tenth-normal  sulphuric  acid  V.S.  and  5  drops  of  co- 
chineal T.S.  (or  iodeosin  T.S.),  then  titrate  the  excess  of  acid  with  fiftieth-normal 
potassium  hydroxide  V.S.  Divide  the  number  of  cubic  centimeters  of  fiftieth- 
normal  potassium  hydroxide  V.S.  used  by  5,  subtract  the  quotient  from  5  (the  5  Cc. 
of  tenth-normal  sulphuric  acid  V.S.  taken),  and  multiply  the  remainder  by  0.0287, 
and  this  product  by  20,  to  obtain  the  percentage  of  mydriatic  alkaloids  contained  in 
the  Extract  of  Belladonna  Leaves.  The  figure  0.0287  represents  the  weight  in  gram- 
mes of  mydriatic  alkaloids  (mainly  atropine)  required  to  neutralize  1  Cc.  of  tenth- 
normal sulphuric  acid  V.S. 

Assay  of  Tincture  of  Belladonna  Leaves 

Transfer  100  Cc.  of  Tincture  of  Belladonna  Leaves  to  an  evaporating  dish  and 
evaporate  it  on  a  water-bath  until  it  measures  about  10  Cc.  Add,  if  necessary, 
sufficient  alcohol  to  dissolve  any  separated  substance,  and  then  assay  the  resulting 
liquid  by  the  method  given  under  Fluidextractum  Belladonnce  Radicis  (p.  1031), 
using  the  same  details  as  there  directed  for  10  Cc.  of  Fluidextract  of  Belladonna 
Root,  with  the  exception  that  the  multiplication  of  the  product  by  10  be  omitted; 
the  result  will  represent  the  weight  in  grammes  of  alkaloids  contained  in  one  hundred 
cubic  centimeters  of  Tincture  of  Belladonna  Leaves. 

Assay  of  Belladonna  Root 

The  method  to  be  employed  is  identical  with  that  given  on  p.  1028  for  Belladonna 
Leaves,  using  ten  grammes  of  Belladonna  Root  in  No.  60  powder. 
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Assay  of  Fluidextract  of  Belladonna  Root 

Recipe. — Fluidextract  of  Belladonna  Root,  ten,  cubic  centi- 
meters    10  Cc. 

Distilled  Water, 

Ammonia  Water, 

Chloroform, 

Normal  Sulphuric  Acid  V.S., 

Tenth -normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassium  Hy-droxide  V.S., 

Cochineal  T.S.  or  lodeosin  T.S.,  each,  a  sufficient  quantity. 

Transfer  10  Cc.  of  Fluidextract  of  Belladonna  Root  by  means  of  a  graduated 
pipette  to  a  separator,  add  10  Cc.  of  distilled  water,  20  Cc.  of  chloroform,  and  2  Cc. 
of  ammonia  water.  Shake  the  separator  well  for  one  minute,  and  draw  off  the  lower 
chloroformic  layer  into  a  second  separator.  Repeat  the  extraction  with  two  portions 
of  10  Cc.  each  of  chloroform,  and  draw  the  chloroformic  solution  into  the  second-sepa- 
rator. To  the  latter  add  8  Cc.  of  normal  sulphuric  acid  V.S.  and  20  Cc.  of  distilled 
water,  shaking  well  for  one  minute.  When  perfectly  separated,  draw  off  and  reject 
the  lower  chloroformic  layer,  and  filter  the  acid  aqueous  layer  into  a  clean  separator. 
Wash  the  separator  and  filter  with  10  Cc.  of  distilled  water,  adding  this  to  the  clean 
separator.  To  the  latter  add  20  Cc.  of  chloroform  and  4  Cc.  of  ammonia  water,  and 
shake  weU  for  several  minutes.  Draw  off  the  lower  chloroformic  layer  into  a  beaker 
and  repeat  the  extraction  with  two  portions  of  10  Cc.  each  of  chloroform,  adding 
the  chloroformic  solution  to  the  beaker.  Allow  the  chloroform  in  the  beaker  to 
evaporate  on  a  water-bath,  containing  warm  water,  until  the  residue  is  perfectly  dry. 
To  the  alkaloidal  residue  add  5  Cc.  of  tenth-normal  sulphuric  acid  V.S.,  and  when  the 
residual  alkaloids  have  all  dissolved,  titrate  the  solution  with  fiftieth-normal  potas- 
sium hydroxide  V.S.,  using  5  drops  of  cochineal  or  iodeosin  T.S.  as  an  indicator. 
Divide  the  number  of  cubic  centimeters  of  fiftieth-normal  potassium  hydroxide  V.S. 
used  by  5,  subtract  the  quotient  from  5  (the  5  Cc.  of  tenth-normal  sulphuric  acid 
V.S.  taken),  and  multiply  the  remainder  by  0.0287,  and  this  product  by  10,  to  obtain 
the  weight  in  grammes  of  mydriatic  alkaloids  contained  in  one  hundred  cubic  centv- 
meters  of  the  Fluidextract  of  Belladonna  Root. 

Assay  op  Coca 

Recipe. — Coca,  in  No.  60  powder,  ten  grammes 10  Gm. 

Chloroform, 

Ether, 

Normal  Sulphuric  Acid  V.S., 

Ammonia  Water, 

Distilled  Water, 

Tenth -normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassium  Hydroxide  V.S., 

Cochineal  or  lodeosin  T.S.,  each,  a  sufficient  quantity. 

Place  the  Coca  in  an  Erlenmeyer  flask,  add  50  Cc.  of  a  mixture  of  chloroform 
1  volume  and  ether  4  volumes,  and  insert  the  stopper  securely.  AUow  the  flask 
to  stand  ten  minutes,  then  add  2  Cc.  of  ammonia  water  mixed  with  3  Cc.  of  distilled 
water,  and  shake  the  flask  well,  at  frequent  intervals,  during  one  hour.  Then  transfer 
as  much  as  possible  of  the  contents  of  the  flask  to  a  small  percolator  which  has  been 
provided  with  a  pledget  of  cotton  packed  firmly  in  the  neck,  and  inserted  in  a  separa- 
tor containing  6  Cc.  of  normal  sulphuric  acid  V.S.,  diluted  with  20  Cc.  of  distilled 
water.  When  the  liquid  has  passed  through  the  cotton,  pack  the  Coca  firmly  in  the 
percolator  with  the  aid  of  a  glass  rod,  and,  having  rinsed  the  flask  with  10  Cc.  of 
chloroform-ether  mixture,  transfer  the  remaining  contents  of  the  flask  to  the  percola- 
tor by  the  aid  of  several  small  portions  (5  Cc.)  of  a  chloroform-ether  mixture,  using 
the  same  proportions  as  before,  and  continue  the  percolation  with  successive  small 
portions  of  the  same  liquid  (in  all  50  Cc).  Next,  shake  the  separator  well  for  one 
minute,  after  securely  inserting  the  stopper,  and  when  the  liquids  have  completely 
separated,  draw  off  the  acid  liquid  into  another  separator.  Add  to  the  chloroform- 
ether  mixture  10  Cc.  of  a  sulphuric  acid  mixture,  using  the  same  proportions  as  before, 
agitate  well,  and  again  draw  off  the  acid  liquid.  Repeat  this  operation  once  more, 
drawing  off  the  acid  solution  as  before  into  the  second  separator,  introduce  a  small 
piece  of  red  Utmus-paper,  add  ammonia  water  until  the  liquid  is  distinctly  alkaline, 
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and  shake  out  with  3  successive  portions  of  ether  (25,  20,  and  15  Cc.)-  Collect  the 
ether  solutions  in  a  beaker,  place  it  on  a  water-bath  filled  with  warm  water,  and  allow 
the  ether  to  evaporate  entirely.  Dissolve  the  residue  in  3  Cc.  of  ether,  and  let  this 
also  evaporate  completely.  To  the  alkaloidal  residue  add  4  Cc.  of  tenth-normal 
sulphuric  acid  V.S.  and  5  drops  of  cochineal  or  iodeosin  T.S.,  then  titrate  the 
excess  of  acid  with  fiftieth-normal  potassium  hydroxide  V.S.  Divide  the  number 
of  cubic  centimeters  of  fiftieth-normal  potassium  hydroxide  V.S.  used  by  5,  subtract 
this  number  from  4  (the  4  Cc.  of  tenth-normal  sulphuric  acid  V.S.  taken),  and  multi- 
ply the  remainder  by  0.03,  and  this  product  by  10,  to  obtain  the  percentage  of  ether- 
soluble  alkaloids  contained  in  the  Coca. 

Assay  op  Fluidextract  of  Coca 

Recipe. — Fluidextract  of  Coca,  ten  cubic  centimeters 10  Cc. 

Ammonia  Water, 
Ether, 
•  Distilled  Water, 

Normal  Sulphuric  Acid  V.S., 

Tenth -normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassium  Hydroxide  V.S., 

Cochineal  T.S.  or  Iodeosin  T.S.,  each,  a  sufficient  quantity. 

Transfer  10  Cc.  of  Fluidextract  of  Coca  by  means  of  a  graduated  pipette  to  a 
separator,  add  25  Cc.  of  ether,  and  then  2  Cc.  of  ammonia  water,  shaking  together 
for  one  minute.  When  the  liquids  have  completely  separated,  draw  off  the  lower 
aqueous  layer  into  a  second  separator,  and  to  this  add  20  Cc.  more  of  ether,  and  repeat 
the  shaking  for  one  minute.  Draw  off  and  reject  the  lower  aqueous  layer  from  the 
second  separator,  and  add  the  ether  layer  to  the  first  separator.  To  this  separator 
now  add  5  Cc.  of  normal  sulphuric  acid  V.S.  and  5  Cc.  of  distilled  water,  and  shake 
it  well  for  one  or  two  minutes.  After  the  liquids  have  separated,  draw  off  the  lower 
aqueous  layer  into  the  other  separator,  and  repeat  the  extraction  in  the  first  separator 
with  9  Cc.  of  distilled  water  and  1  Cc.  of  normal  sulphuric  acid  V.S.,  shaking  the 
liquids  for  one  minute,  and  separating  as  before.  Add  the  aqueous  solution  to  the 
other  separator  and  reject  the  ether.  Now  add  to  the  combined  acid  liquids  20  Cc. 
of  ether,  a  small  piece  of  red  litmus-paper,  and  sufficient  ammonia  water  to  render 
the  mixture  distinctly  alkaline,  and  shake  the  liquids  for  one  or  two  minutes.  Draw 
off  the  separated  aqueous  layer  into  the  other  separator  and  the  ether  layer  into  a 
beaker.  Repeat  the  extraction  of  the  aqueous  layer  in  the  other  separator  with  two 
portions  (15  Cc.  each)  of  ether,  and  add  the  resulting  ether  solutions  to  the  beaker. 
Now  evaporate  the  ether  from  the  beaker,  and,  when  dry,  add  to  it  5  Cc.  of  tenth- 
normal sulphuric  acid  V.S.,  and  stir  until  the  alkaloidal  residue  is  dissolved.  Then 
add  5  drops  of  cochineal  T.S.  or  iodeosin  T.S.,  and  titrate  the  excess  of  acid  with 
fiftieth-normal  potassium  hydroxide  V.S.  Divide  the  number  of  cubic  centimeters 
of  fiftieth-normal  potassium  hydroxide  V.S.  used  by  5,  subtract  this  number  from  5 
(the  5  Cc.  of  tenth-normal  sulphuric  acid  V.S.  taken),  and  multiply  the  remainder 
by  0.03,  and  this  product  by  10,  to  obtain  the  weight  in  grammes  of  ether-soluble 
alkaloids  contained  in  one  hundred  cubic  centimeters  of  the  Fluidextract  of  Coca. 

Assay  op  Hyoscyamus 

The  method  to  be  employed  is  identical  with  that  given  for  Belladonna  Leaves 
(p.  1028),  with  the  exception  that  twenty-five  grammes  of  Hyoscyamus  in  No.  60 
powder  are  to  be  used,  the  quantity  of  chloroform-ether  mixture  which  is  added  at 
first  increased  from  50  Cc.  to  100  Cc,  and  the  product  at  the  end  of  the  assay  multi- 
plied by  4  instead  of  10. 

Assay  of  Extract  of  Hyoscyamus 

The  method  to  be  employed  is  identical  with  that  given  on  p.  1030,  using  ten 

Eammes  of  Extract  of  Hyoscyamus  instead  of  the  quantity  of  Extract  of  Belladonna 
javes  there  directed,  and  multiplying  the  product  by  10  instead  of  20. 

Assay  op  Fluidextract  op  Hyoscyamus 

The  method  to  be  employed  is  identical  with  that  given  on  p.  1031,  using  fifty 
cubic  centimeters  of  Fluidextract  of  Hyoscyamus  instead  of  the  quantity  of  Fluid- 
extract  of  Belladonna  Root  there  directed,  and  multiplying  the  product  by  2  instead 
of  10. 
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Assay  op  Tincture  of  Hyoscyamus 

Transfer  100  Cc.  of  Tincture  of  Hyoscyamus  to  an  evaporating  dish,  and  evaporate 
it  on  a  water-bath  until  it  measures  about  10  Cc.  Add,  if  necessary,  sufficient  alco- 
hol to  dissolve  any  separated  substance,  and  then  assay  the  resulting  liquid  by  the 
method  given  under  Fluidextractum  Belladonnoe  Radicis  (p.  1031),  using  the  same 
details  as  there  directed  for  10  Cc.  of  Fluidextract  of  Belladonna  Root,  with  the 
exception  that  the  multiplication  by  10  be  omitted;  the  result  will  represent  the 
weight  in  grammes  of  alkaloids  contained  in  one  hundred  cubic  centimeters  of  Tincture 
of  Hyoscyamus. 

Assay  of  Ipecac 

Recipe. — Ipecac,  in  No.  80  powder,  fifteen  grammes 15  Gm. 

Ether, 

Chloroform, 

Ammonia  Water, 

Distilled  Water, 

Normal  Sulphuric  Acid  V.S., 

Tenth -normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassium  Hydroxide  V.S., 

Cochineal  T.S.,  a  sufficient  quantity. 

Introduce  the  Ipecac  into  an  Erlenmeyer  flask  of  250-Cc.  capacity,  add  115  Cc. 
of  ether  and  35  Cc.  of  chloroform,  shake  the  flask  during  five  minutes,  and  then  add 
3  Cc.  of  ammonia  water  and  again  shake  the  flask  at  intervals  during  half  an  hour. 
Now  add  10  Cc.  of  distilled  water,  shake  the  liquid  until  the  powder  collects  in  masses, 
and  pour  off  100  Cc.  of  the  clear  ethereal  solution  into  a  measuring  cylinder.  Transfer 
the  latter  to  a  separator,  add  10  Cc.  of  normal  sulphuric  acid  V.S.  and  10  Cc.  of  dis- 
tilled water.  Shake  the  separator  moderately  during  two  minutes,  and  when  the 
liquids  have  separated,  draw  off  the  lower  acid  solution  into  a  second  separator. 
Repeat  the  shaking  out  of  the  ether  solution  with  3  Cc.  of  normal  sulphuric  acid  V.S. 
and  5  Cc.  of  distilled  water,  drawing  the  acid  solution  into  the  second  separator. 
Repeat  the  shaking  out  again,  using  10  Cc.  of  distilled  water,  and  add  the  aqueous 
solution  to  the  second  separator.  Reject  the  ether  in  the  first  separator,  introduce 
a  small  piece  of  red  litmus-paper  into  the  second  separator,  add  enough  ammonia 
water  to  render  the  liquid  alkaline  and  25  Cc.  of  ether,  and  then  shake  the  separator 
vigorously  during  one  minute;  draw  off  the  alkaline  aqueous  liquid  into  another 
separator  and  transfer  the  ether  solution  to  a  flask.  Add  20  Cc.  of  ether  to  the 
alkaline  hquid  in  the  separator,  shake  it  for  one  minute,  and,  having  allowed  the 
liquids  to  separate,  draw  off  the  alkaline  liquid  into  the  other  separator,  and  transfer 
the  ether  solution  to  the  flask.  Again  shake  out  the  alkaline  liquid  with  10  Cc.  of 
ether,  and,  when  the  fluids  have  separated,  reject  the  alkaline  liquid  and  add  the 
ether  solution  to  the  liquid  in  the  flask.  Distil  the  ether  from  the  flask  with  the  aid 
of  a  water-bath,  and  dissolve  the  alkaloidal  residue  in  12  Cc.  of  tenth-normal  sul- 
phuric acid  V.S.,  warming  it  gently  on  a  water-bath  if  necessary.  Then  add  five 
drops  of  cochineal  T.S.  and  titrate  with  fiftieth-normal  potassium  hydroxide 
V.S.  Divide  the  number  of  cubic  centimeters  of  fiftieth-normal  potassium  hydroxide 
V.S.  used  by  5,  subtract  the  quotient  from  12  (the  12  Cc.  of  tenth-normal  sulphuric 
acid  V.S.  taken),  and  multiply  the  remainder  by  0.0238,  and  this  product  by  10, 
which  will  give  the  percentage  of  alkaloids  in  the  Ipecac. 

Assay  of  Fluidextract  of  Ipecac 

Recipe. — Fluidextract  of  Ipecac,  ten  cubic  centimeters 10  Cc, 

Ammonia  Water, 

Ether, 

Normal  Sulphuric  Acid  V.S., 

Tenth -normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassiiun  Hydroxide  V.S., 

Cochineal  T.S.,  each,  a  sufficient  quantity. 

Transfer  10  Cc.  of  Fluidextract  of  Ipecac  by  means  of  a  graduated  pipette  to  a 

Eorcelain  evaporating  dish.  Evaporate  off  the  alcohol  with  the  aid  of  a  water- 
ath,  and,  when  almost  cool,  add  5  Cc.  of  normal  sulphuric  acid  V.S.,  and  20  Co. 
distilled  water,  and  stir  the  liquid  at  intervals  for  three  minutes.  Filter  the  liquid 
into  a  separator,  rinse  the  dish,  and  wash  the  filter  successively  with  10  Cc.  and  5  Cc.  of 
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distilled  water,  and  add  these  liquids  to  the  separator.  To  the  separator  add  20  Cc.  of 
ether  and  a  small  piece  of  red  litmus-paper;  render  the  liquid  alkaline  with  ammonia 
water  and  shake  the  separator  for  one  minute.  Draw  off  the  aqueous  layer  into  a  beaker 
and  the  ether  layer  into  another  beaker.  Return  the  aqueous  solution  to  the  separa- 
tor, add  10  Cc.  more  of  ether,  and  shake  the  liquid,  adding  the  ether  solution  to  that 
already  in  the  beaker,  and  returning  the  aqueous  solution  to  the  separator;  repeat 
the  extraction  with  10  Cc.  more  of  ether,  and  then  add  the  ether  layer  to  that  already 
in  the  beaker.  Allow  the  combined  ether  solutions  to  evaporate,  either  spontan- 
eously or  with  the  aid  of  a  water-bath  containing  warm  water,  and  then  add  10  Cc. 
of  tenth-normal  sulphuric  acid  V.S.  Stir  the  liquid  carefully  with  a  glass  rod  to 
facilitate  the  solution  of  the  alkaloids,  and  when  these  have  all  dissolved,  add  5  drops 
of  cochineal  T.S.  From  a  graduated  burette  add  sufficient  fiftieth-normal 
potassium  hydroxide  V.S.  until  a  pink  color  is  produced.  Divide  the  number  of  cubic 
centimeters  of  fiftieth-normal  potassium  hydroxide  V.S.  used  by  5,  subtract  the 
quotient  from  10  (the  10  Cc.  of  tenth-normal  sulphuric  acid  V.S.  taken),  and  multi- 
ply the  remainder  by  0.0238,  and  this  product  by  10,  which  will  give  the  weight  in 
grammes  of  alkaloids  contained  in  each  one  hundred  cubic  centimeters  of  Fluidex- 
tract  of  Ipecac. 

Assay  of  Nux  Vomica 

Recipe. — Nux  Vomica,  in  No.  60  powder,  twenty  grammes 20  Gm. 

Ammonia  Water, 

Ether, 

Chloroform, 

Alcohol, 

Normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassium  Hydroxide  V.S., 

Nitric  Acid  (sp.  gr.  1.42), 

Sodiiun  Hydroxide  Solution  (1  in  10), 

Tenth -normal  Sulphuric  Acid  V.S., 

Sulphuric  Acid  Solution  (3  per  cent.  H2SO4), 

lodeosin  T.S.  each,  a  sufficient  quantity. 

Introduce  the  Nux  Vomica  into  a  250-Cc.  Erlenmeyer  flask  and  add  to  it  200 
Cc.  of  a  mixture  of  137.5  Cc.  of  ether,  44  Cc.  of  chloroform,  13.5  Cc.  of  alcohol,  and 
5  Cc.  of  ammonia  water;  insert  the  stopper  securely  and  macerate  with  frequent 
shaking  during  one  hour  and  allow  it  to  stand  in  a  cool  place  for  twelve  hours. 
Decant  into  a  measuring  cylinder  100  Cc.  of  the  liquid  (representing  10  Gm.  of 
Nux  Vomica),  and  pour  this  into  a  separator,  preferably  of  a  globular  shape.  Rinse 
the  cylinder  with  a  little  chloroform,  add  this  to  the  separator,  and  then  add  15  Cc. 
of  normal  sulphuric  acid  V.S.;  shake  the  mixture  moderately  during  one  minute,  being 
careful  to  avoid  emulsification;  when  the  liquids  have  separated  completely,  draw 
off  the  acid  liquid  into  a  beaker.  Repeat  the  shaking  out  with  successive  portions 
of  5  and  3  Cc.  of  normal  sulphuric  acid  V.S.;  collect  the  acid  solutions  and  pour  them 
into  a  separator.  If  a  drop  of  the  last  ac  d  solution  yields  a  precipitate  with  mercuric 
potassium  iodide  T.S.,  repeat  the  shaking  out  of  the  ether  solution  with  5  Cc.  of 
normal  sulphuric  acid  V.S.  To  the  combined  acid  solutions  in  the  separator,  add 
a  small  piece  of  red  litmus-paper,  25  Cc.  of  chloroform,  and  then  sufficient  ammonia 
water  to  render  the  liquid  alkaline,  and  shake  the  separator  thoroughly.  When 
the  liquids  have  separated,  draw  off  the  chloroform  into  a  flask  of  100-Cc.  capacity, 
and  repeat  the  shaking  out  of  the  alkaline  liquid  with  two  successive  portions  of 
15  Cc  each  of  chloroform,  adding  the  latter  to  that  already  in  the  flask.  Evaporate 
the  combined  chloroformic  solutions  in  the  flask  until  the  alkaloidal  residue  is  dry, 
then  dissolve  it  in  15  Cc.  of  sulphuric  acid  (3  per  cent.),  warming  it  on  a  water-bath. 
When  the  solution  has  cooled,  add  3  Cc.  of  a  cooled  mixture  of  equal  volumes  of 
nitric  acid  (specific  gravity  1.42)  and  distilled  water,  and  after  rotating  the  liquid 
a  few  times,  set  it  aside  for  exactly  ten  minutes,  shaking  it  gently  three  times  during 
this  interval.  Transfer  the  resulting  red  liquid  to  a  separator  containing  25  Cc.  of 
an  aqueous  solution  of  sodium  hydroxide  (1  in  10),  and  wash  the  flask  three  times 
with  very  small  amounts  of  distilled  water,  and  add  the  washings  to  the  separator. 
If  the  liquid  is  not  turbid,  add  2  Cc.  more  of  the  solution  of  sodium  hydroxide.  Now 
add  20  Cc.  of  chloroform  to  the  separator,  and  shake  it  well  by  a  rotating  motion  for  a 
few  minutes,  allow  the  liquids  to  separate,  and  draw  off  the  chloroform  through  a 
a  small  filter,  wetted  with  chloroform,  into  a  flask.     Repeat  this  twice,  using  10  Cc. 
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of  chloroform  each  time,  and  draw  off  both  portions  into  the  flask,  using  the  same 
filter.  Finally,  wash  the  filter  and  funnel  with  5  Cc.  of  chloroform,  and  then  evapo- 
rate all  the  chloroform  by  means  of  a  water-bath  very  carefully,  to  avoid  decrepi- 
tation. To  the  alkaloidal  residue  add  6  Cc.  of  tenth-normal  sulphuric  acid  V.S., 
5  drops  of  iodeosin  T.S.,  about  80  Cc.  of  distilled  water,  and  20  Cc.  of  ether.  When 
all  the  alkaloid  is  dissolved,  titrate  the  excess  of  acid  with  fiftieth-normal  potassium 
hydroxide  V.S.  until  the  aqueous  liquid  just  turns  pink.  Divide  the  number  of  cubic 
centimeters  of  fiftieth-normal  potassium  hydroxide  V.S.  used  by  5,  subtract  this 
number  from  6  (the  6  Cc.  of  tenth-normal  sulphuric  acid  V.S.  taken),  multiply  the 
remainder  by  0.0332,  and  this  product  by  10,  which  will  give  the  percentage  of  strych- 
nine in  the  Nux  Vomica. 

Assay  of  Extract  of  Nux  Vomica 

Recipe. — Extract  of  Nux  Vomica,  two  grammes 2  Gm. 

Distilled  Water, 

Ether, 

Chloroform, 

Ammonia  Water, 

Sulphuric  Acid  Solution  (3  per  cent.  HjSOJ, 

Nitric  Acid,  (sp.  gr.  1.42), 

Sodium  Hydroxide  Solution  (1  in  10), 

Tenth-normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassium  Hydroxide  V.S., 

Iodeosin  T.S.,  each,  a  sufficient  quantity. 

Introduce  the  Extract  of  Nux  Vomica  into  a  beaker,  and  dissolve  it  in  25  Cc. 
of  a  mixture  of  16  Cc.  of  ether,  5  Cc.  of  chloroform,  and  4  Cc.  of  ammonia  water. 
When  dissolved,  transfer  it  to  a  separator,  rinsing  the  beaker  with  a  little  chloroform, 
and  adding  the  rinsings  to  the  separator.  Insert  the  stopper  securely  and  shake  the 
separator  carefully  for  a  few  minutes.  Draw  off  the  aqueous  layer  into  another 
separator,  washing  the  ether  solution  and  separator  with  a  little  water,  and  adding 
this  to  the  second  separator.  Then  shake  out  the  aqueous  liquid  with  two  portions 
of  15  and  10  Cc,  respectively,  of  chloroform,  and  add  these  to  the  first  separator. 
If  a  few  drops  of  the  liquid  left  in  the  second  separator  still  give  a  reaction  with 
mercuric  potassium  iodide  T.S.  after  acidulating,  repeat  the  shaking  out  with  10  Cc. 
more  of  chloroform.  Now  shake  out  the  chloroformic  solution  in  the  first  separator 
with  three  portions  of  15,  10,  and  10  Cc.  of  sulphuric  acid  solution  (3  per  cent.), 
and  collect  the  combined  acid  solutions  in  another  separator.  Introduce  a  small 
piece  of  red  htmus-paper,  add  enough  ammonia  water  to  render  the  liquid  alkaline, 
and  extract  the  mixture  with  three  portions,  respectively,  of  15,  10,  and  10  Cc. 
of  chloroform.  Draw  off  the  chloroformic  solutions  into  a  beaker  and  evaporate 
the  chloroform  with  the  aid  of  a  water-bath.  Dissolve  the  alkaloidal  residue  in  the 
beaker  in  15  Cc.  of  3  per  cent,  sulphuric  acid  solution  by  the  aid  of  a  water-bath, 
and  allow  the  liquid  to  cool.  To  this  solution  add  3  Cc.  of  a  cooled  mixture  of  equal 
volumes  of  nitric  acid  (specific  gravity  1.42)  and  distilled  water,  and  after  rotating 
the  liquid  a  few  times,  set  it  aside  for  exactly  ten  minutes,  stirring  it  gently  three 
times  during  this  interval.  Transfer  the  resulting  red  liquid  to  a  separator  containing 
25  Cc.  of  an  aqueous  solution  of  sodium  hydroxide  (1  in  10),  and  wash  the  beaker 
three  times  with  very  small  amounts  of  distilled  water,  and  add  the  washings  to  the 
separator.  If  the  liquid  is  not  quite  turbid,  add  2  Cc.  more  of  the  solution  of  sodium 
hydroxide.  Now  add  20  Cc.  of  chloroform  to  the  separator,  and  shake  it  well  by  a 
rotating  motion  for  a  few  minutes,  allow  the  liquids  to  separate,  and  draw  off  the 
chloroform  through  a  small  filter,  wetted  with  chloroform,  into  a  flask.  Repeat 
this  twice,  using  10  Cc.  of  chloroform  each  time,  and  draw  off  both  portions  into  the 
flask,  using  the  same  filter.  Finally,  wash  the  filter  and  funnel  with  5  Cc.  of  chloro- 
form, and  then  evaporate  all  the  chloroform  by  means  of  a  water-bath,  very  carefully, 
to  avoid  decrepitation.  To  the  alkaloidal  residue  add  10  Cc.  of  tenth-normal  sul- 
phuric acid  V.S.,  5  drops  of  iodeosin  T.S.,  about  90  Cc.  of  distilled  water,  and  20  Cc. 
of  ether.  When  all  the  alkaloid  is  dissolved,  titrate  the  excess  of  acid  with  fiftieth- 
normal  potassium  hydroxide  V.S.  until  the  aqueous  liquid  just  turns  pink.  Divide 
the  number  of  cubic  centimeters  of  fiftieth-normal  potassium  hydroxide  V.S.  used 
by  5,  subtract  this  number  from  10  (the  10  Cc.  of  tenth-normal  sulphuric  acid  V.S. 
taken),  multiply  the  remainder  by  0.0332,  and  this  product  by  50,  which  will  give 
the  percentage  of  strychnine  contained  in  the  Extract  of  Nux  Vomica. 
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Assay  of  Fluidextract  op  Nux  Vomica 

Recipe. — Fluidextract  of  Nux  Vomica,  ten  cubic  centimeters. .   10  Cc. 
Ammonia  Water, 
Ether, 
Chloroform, 
Distilled  Water, 
Normal  Sulphuric  Acid  V.S., 
Sulphuric  Acid  Solution  (3  per  cent.  HjSOJ, 
Sodium  Hydroxide  Solution  (1  in  10), 
Nitric  Acid  (sp.  gr.  1.42), 
Tenth -normal  Sulphuric  Acid  V.S., 
Fiftieth -normal  Potassium  Hydroxide  V.S., 
lodeosin  T.S.,  each,  a  sufficient  quantity. 

Transfer  10  Cc.  of  Fluidextract  of  Nux  Vomica  by  means  of  a  graduated  pipette 
to  a  porcelain  dish,  evaporate  it  to  dryness  with  the  aid  of  a  water-bath,  and  dis- 
solve the  residue,  while  warm,  in  a  mixture  of  16  Cc.  of  ether,  5  Cc.  of  chloroform, 
and  4  Cc.  of  ammonia  water,  and  transfer  the  solution  to  a  separator,  rinsing  the 
dish  with  a  little  chloroform,  which  is  to  be  added  to  the  separator,  and  shake  the 
separator  carefully  for  a  few  minutes.  When  the  fluids  have  separated,  draw  off 
the  aqueous  layer  into  another  separator,  wash  the  chloroform-ether  liquid  and  sepa- 
rator with  a  little  water,  and  add  this  to  the  second  separator.  Then  shake  the 
aqueous  liquid  with  two  successive  portions  of  15  and  10  Cc,  respectively,  of  chloro- 
form, and  add  these  to  the  first  separator.  If  a  small  portion  of  the  liquid  left  in  the 
second  separator  still  shows,  after  acidifying,  a  reaction  with  mercuric  potassium 
iodide  T.S.,  repeat  the  shaking  out  with  10  Cc.  more  of  chloroform.  Now  shake  the 
combined  liquids  in  the  first  separator  with  three  successive  portions,  respectively, 
of  15,  10,  and  10  Cc.  of  normal  sulphuric  acid  V.S.,  and  collect  the  combined  acid 
solutions  in  another  separator.  To  this  acid  solution  add  a  small  piece  of  red  litmus- 
paper,  and  sufficient  ammonia  water  to  render  it  alkaline,  then  shake  out  successively 
with  three  portions,  respectively,  of  25,  10,  and  10  Cc.  of  chloroform,  and  collect  the 
chloroform  solutions  in  a  beaker.  Evaporate  the  chloroform  with  the  aid  of  a  water- 
bath,  dissolve  the  alkaloidal  residue  in  15  Cc.  of  3  per  cent,  sulphuric  acid  solution, 
by  the  aid  of  a  water-bath,  and  allow  the  liquid  to  cool.  To  this  solution  add  3  Cc. 
of  a  cooled  mixture  of  equal  volumes  of  nitric  acid  (specific  gravity  1.42)  and  distilled 
water,  and,  after  rotating  the  liquid  a  few  times,  set  it  aside  for  exactly  ten  minutes, 
stirring  it  gently  three  times  during  this  interval.  Transfer  the  resulting  red  liquid 
to  a  separator  containing  25  Cc.  of  an  aqueous  solution  of  sodium  hydroxide  (1  in  10), 
and  wash  the  beaker  three  times  with  very  small  amounts  of  distilled  water,  and  add 
the  washings  to  the  separator.  If  the  liquid  is  not  quite  turbid,  add  2  Cc.  more  of 
the  solution  of  sodium  hydroxide.  Now  add  20  Cc.  of  chloroform  to  the  separator, 
and  shake  it  well  by  a  rotating  motion  for  a  few  minutes,  allow  the  liquids  to  separate, 
and  draw  off  the  chloroform  through  a  small  filter,  wetted  with  chloroform,  into  a  flask. 
Repeat  this  twice,  using  10  Cc.  of  chloroform  each  time,  and  draw  off  both  portions 
into  the  flask,  using  the  same  filter.  Finally,  wash  the  filter  and  funnel  with  5  Cc. 
of  chloroform,  and  then  evaporate  all  the  chloroform  by  means  of  a  water-bath, 
very  carefully,  to  avoid  decrepitation.  To  the  alkaloidal  residue  add  10  Cc.  of 
tenth-normal  sulphuric  acid  V.S.,  5  drops  of  iodeosin,  T.S.,  about  80  Cc.  of  distilled 
water,  and  20  Cc.  of  ether.  When  all  the  alkaloid  is  dissolved,  titrate  the  excess  of 
acid  with  fiftieth-normal  potassium  hjy^droxide  V.S.  until  the  aqueous  liquid  just 
turns  pink.  Divide  the  number  of  cubic  centimeters  of  fiftieth-normal  potassium 
hydroxide  V.S.  taken  by  5,  subtract  this  number  from  10  (the  10  Cc.  of  tenth-normal 
sulphuric  acid  V.S.  taken),  multiply  the  remainder  by  0.0332,  and  this  product  by  10, 
which  will  give  the  weight  in  grammes  of  strychnine  contained  in  one  hundred  cubic 
centimeters  of  the  Fluidextract  of  Nux  Vomica. 

Assay  of  Tincture  of  Nux  Vomica 

Transfer  100  Cc.  of  Tincture  of  Nux  Vomica  to  a  porcelain  dish,  evaporate  it 
to  dryness  on  a  water-bath,  and  assay  the  resulting  extract  by  the  method  given 
under  Extractum  Nucis  Vomicae  (p.  1035),  using  the  same  details  as  there  directed  for 
2  Gm.  of  Extract  of  Nux  Vomica,  with  the  exception  that  the  multiplication  by  50  be 
omitted;  the  result  will  represent  the  weight  in  grammes  of  strychnine  contained  in 
one  hundred  cubic  centimeters  of  Tincture  of  Nux  Vomica. 
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Assay  of  Physostigma 

Recipe. — Physostigma,  in  No.  60  powder,  twenty  grammes.  ...  20  Gm. 
Ether, 

Solution  of  Sodium  Bicarbonate  (1  in  20), 
Normal  Sulphuric  Acid  V.S., 
Tenth -normal  Sulphuric  Acid  V.S., 
Fiftieth -normal  Potassium  Hydroxide  V.S., 
Distilled  Water, 
lodeosin  T.S.,  each,  a  sufficient  quantity. 

Introduce  the  Physostigma  into  an  Erlenmeyer  flask  of  about  250-Cc.  capacity, 
add  200  Cc.  of  ether,  and  shake  the  flask  well  during  ten  minutes.  Then  add  10  Cc. 
of  an  aqueous  solution  of  sodium  bicarbonate  (1  in  20),  and  shake  the  mixture 
vigorously  at  intervals  during  four  hours.  Allow  the  powder  to  settle,  and  decant 
100  Cc.  of  the  ether  solution  (representing  10  Gm.  of  Physostigma)  into  a  measuring 
cylinder;  then  transfer  it  to  a  separator,  introduce  a  small  piece  of  blue  litmus-paper, 
and  add  sufficient  normal  sulphuric  acid  V.S.  to  render  the  liquid  acid,  and  then  10  Cc. 
of  distilled  water.  Shake  the  liquid  well  for  several  minutes,  and  draw  off  the 
aqueous  layer  into  another  separator.  Repeat  the  extraction,  using  2  Cc.  of  normal 
sulphuric  acid  V.S.  and  8  Cc.  of  distilled  water,  add  the  acid  aqueous  layer  to  the  second 
separator,  and  finally  again  shake  out  the  ether  solution,  using  1  Cc.  of  normal  sul- 
phuric acid  V.S.  and  9  Cc.  of  distilled  water,  adding  this  also  to  the  second  separator. 
To  the  combined  acid  liquids  in  the  second  separator  add  25  Cc.  of  ether,  a  small 
piece  of  red  litmus-paper,  and  sufficient  sodium  bicarbonate  solution  (1  in  20) 
to  render  it  alkaline.  Shake  the  separator  for  one  minute,  allow  the  liquids  to  sepa- 
rate, and  draw  off  the  ether  into  a  beaker.  Repeat  the  shaking  out  process  with  20 
Cc.  and  again  with  15  Cc.  of  ether  added  to  the  separator,  shake  each  time  for  one 
minute,  allow  the  liquids  to  separate,  and  draw  off  the  ether  into  the  beaker.  Care- 
fully evaporate  the  ether  from  the  combined  solutions  by  means  of  a  water-bath, 
and  when  dry,  dissolve  the  residue  in  5  Cc.  of  tenth-normal  sulphuric  acid  V.S.  and 
20  Cc.  of  ether,  which  must  be  strictly  neutral,  and  transfer  this  solution  to  a  bottle, 
rinsing  with  80  Cc.  of  water;  add  5  drops  of  iodeosin  T.S.,  and  titrate  the  excess 
acid  with  fiftieth-normal  potassium  hydroxide  V.S.,  until,  after  shaking,  the  aqueous 
liquid  just  acquires  a  pink  color.  Divide  the  number  of  cubic  centimeters  of  fiftieth- 
normal  potassium  hydroxide  V.S.  used  by  5,  subtract  the  quotient  from  5  (the  5  Cc. 
of  tenth-normal  sulphuric  acid  V.S.  taken),  and  multiply  the  remainder  by  0.0273, 
and  this  product  by  10;  the  result  will  be  the  percentage  of  alkaloids  soluble  in  ether 
contained  in  the  Physostigma.  The  figure  0.0273  represents  the  weight  in  grammes 
of  alkaloids  (mainly  physostigmine)  required  to  neutrahze  1  Cc.  of  tenth-normal 
sulphuric  acid  V.S. 

Assay  of  Extract  of  Physostigma 

Recipe. — Extract  of  Physostigma,  one  gramme 1  Gm. 

Alcohol, 

Diluted  Alcohol, 

Ether, 

Sodium  Bicarbonate, 

Normal  Sulphuric  Acid  V.S., 

Distilled  Water, 

Tenth -normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassium  Hydroxide  V.S., 

lodeosin  T.S.,  each,  a  sufficient  quantity. 

Transfer  the  Extract  of  Physostigma  to  a  small  porcelain  dish,  add  5  Cc.  of 
diluted  alcohol,  and  digest  for  five  minutes  in  a  water-bath  below  boiling  tempera- 
ture; then  add  about  5  Gm.  of  very  clean,  fine  quartz  sand,  and  evaporate  to  dryness 
on  a  water-bath,  triturating  thoroughly  with  a  pestle  to  secure  uniform  admixture. 
When  dry,  carefully  transfer  the  contents  of  the  dish  to  an  Erlenmeyer  flask,  add  a  lit- 
tle more  sand  to  the  dish,  and  by  rubbing  remove  any  adherent  extract,  which  transfer 
to  the  flask,  add  100  Cc.  of  ether,  and  shake  the  flask.  Then  add  10  Cc.  of  an  aqueous 
solution  of  sodium  bicarbonate  (1  in  20)  and  shake  the  contents  vigorously  at  intervals 
for  one  hour.  Allow  the  mixture  to  stand,  and,  when  settled,  decant  50  Cc.  of  the 
ether  solution  into  a  separator,  to  which  add  a  small  piece  of  blue  litmus-paper,  suffi- 
cient normal  sulphuric  acid  V.S.  to  render  the  Uquid  acid,  and  10  Cc.  of  distilled  water. 
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Shake  the  separator  well  for  one  minute,  and  draw  off  the  aqueous  layer  into  another 
separator.  Repeat  the  shaking-out  process,  using  2  Cc.  of  normal  sulphuric  acid 
V.S.  and  8  Cc.  of  distilled  water,  and  add  the  acid  aqueous  layer  to  the  second  separa- 
tor; again  repeat  the  extraction,  using  1  Cc.  of  normal  sulphuric  acid  V.S.  and  9  Cc. 
of  distilled  water,  and  add  this  to  the  second  separator.  To  the  combined  acid 
liquids  in  the  second  separator  add  25  Cc.  of  ether,  a  small  piece  of  red  litmus-paper, 
and  sufficient  sodium  bicarbonate  solution  (1  in  20)  to  render  it  alkaline.  Shake 
the  separator  for  one  minute,  allow  the  liquids  to  separate,  and  draw  off  the  ether 
into  a  beaker.  Repeat  the  shaking-out  process  with  20  Cc.  and  again  with  15  Cc. 
of  ether  added  to  the  separator;  shake  each  time  for  one  minute,  allow  the  Uquids 
to  separate,  and  draw  off  the  ether  into  the  beaker.  Carefully  evaporate  the  ether 
from  the  combined  solutions  by  means  of  a  water-bath,  and,  when  dry,  dissolve  the 
residue  in  2  Cc.  of  tenth-normal  sulphuric  acid  V.S.;  rinse  the  solution  carefully 
into  a  200-Cc.  flask  with  distilled  water,  add  enough  distilled  water  to  bring  the  vol- 
ume to  about  90  Cc,  add  25  Cc.  of  ether,  and  having  shaken  the  flask,  add  5  drops 
of  iodeosin  T.S.,  then  titrate  the  excess  of  acid  with  fiftieth-normal  potassium  hy- 
droxide V.S.,  until,  after  shaking,  the  aqueous  liquid  just  acquires  a  pink  color. 
Divide  the  number  of  cubic  centimeters  of  fiftieth-normal  potassium  hydroxide  V.S. 
used  by  5,  subtract  the  quotient  from  2  (the  2  Cc.  of  tenth-normal  sulphuric  acid 
V.S.  taken),  and  multiply  the  remainder  by  0.0273,  and  this  product  by  200;  the 
result  will  be  the  percentage  of  ether-soluble  alkaloids  contained  in  the  Extract  of 
Physostigma. 

Assay  of  Tincture  of  Physostigma 

Transfer  100  Cc.  of  Tincture  of  Physostigma  to  a  porcelain  dish,  evaporate  it 
to  dryness  on  a  water-bath,  and  assajy  the  resulting  extract  by  the  method  given 
under  E xtr actum  Physostigmatis  (just  above),  using  the  same  details  as  there  directed 
for  1  Gm.  of  Extract  of  Physostigma,  with  the  exception  that  the  product  must  be 
multiplied  by  2  instead  of  200;  the  result  will  represent  the  weight  in  grammes  of 
ether-soluble  alkaloids  from  Physostigma  contained  in  one  hundred  cubic  centimeters 
of  Tincture  of  Physostigma. 

Assay  of  Pilocarpus 

Recipe. — Pilocarpus,  in  No.  60  powder,  ten  grammes 10  Gm. 

Chloroform, 

Ammonia  Water, 

Normal  Sulphuric  Acid  V.S., 

Tenth -normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassiiun  Hydroxide  V.S., 

Cochineal  T.S.  or  Iodeosin  T.S.,  each,  a  sufficient  quantity. 

Moisten  the  Pilocarpus  with  2  Cc.  of  ammonia  water  and  3  Cc.  of  chloroform, 
and  at  once  pack  it  firmly  in  a  small  cylindrical  percolator,  which  has  been  pro- 
vided with  a  pledget  of  cotton  packed  firmly  in  the  neck.  Percolate  the  powder 
slowly  with  chloroform  containing  about  2  per  cent,  of  ammonia  water,  until  it  is 
exhausted,  about  100  Cc.  of  menstruum  usually  being  sufficient.  Pour  into  a  sepa- 
rator the  percolate,  and  shake  it  out  with  15  Cc.  of  normal  sulphuric  acid  V.S., 
transferring  the  acid  aqueous  layer  to  another  separator,  and  repeating  the  shaking 
out  of  the  chloroform  solution  with  2  Cc.  of  normal  sulphuric  acid  V.S.,  mixed  with 
8  Cc.  of  distilled  water.  Add  the  acid  layer  to  the  second  separator,  and  again 
repeat  the  shaking  out  with  10  Cc.  of  distilled  water,  and  add  the  aqueous  liquid 
to  the  second  separator.  Introduce  into  the  second  separator  a  small  piece  of  red 
htmus-paper,  add  enough  ammonia  water  to  render  the  liquid  alkaline,  and  shake 
out  the  liquid  with  20  Cc.  of  chloroform,  drawing  off  the  chloroformic  solution  into  a 
beaker.  Repeat  the  shaking  out  with  two  portions  of  15  and  10  Cc.  each  of  chloro- 
form, and  add  the  chloroformic  solutions  to  the  beaker.  Evaporate  the  chloroform 
by  means  of  a  water-bath,  and  dissolve  the  alkaloidal  residue  in  7  Cc.  of  tenth-normal 
sulphuric  acid  V.S.  Add  5  drops  of  cochineal  T.S.  or  iodeosin  T.S.,  and  titrate  the 
excess  of  acid  with  fiftieth-normal  potassium  hydroxide  V.S.  Divide  the  number 
of  cubic  centimeters  of  fiftieth-normal  potassium  hydroxide  V.S.  used  by  5,  subtract 
the  quotient  from  7  (the  7  Cc.  of  tenth-normal  sulphuric  acid  V.S.  taken),  and  multi- 
ply the  remainder  by  0.02,  and  this  product  by  10;  the  result  will  be  the  percentage 
of  alkaloids  contained  in  the  Pilocarpus.  The  figure  0.02  represents  the  weight  in 
grammes  of  alkaloids  (mainly  pilocarpine)  required  to  neutraUze  1  Cc.  of  tenth- 
normal sulphuric  acid  V.S. 
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Assay  of  Fluidextract  of  Pilocarpus 

Recipe. — Fluidextract  of  Pilocarpus,  ten  cubic  centimeters 10  Cc. 

Chloroform, 

Ammonia  Water, 

Normal  Sulphuric  Acid  V.S., 

Tenth -normal  Sulphuric  Acid  V.S., 

Fiftieth -normal  Potassium  Hydroxide  V.S., 

Cochineal  T.S.  or  lodeosin  T.S.,  each,  a  sufficient  quantity. 

Transfer  10  Cc.  of  Fluidextract  of  Pilocarpus  by  means  of  a  graduated  pipette 
to  a  porcelain  dish  containing  a  little  clean  sand,  and  evaporate  it  to  dryness  with 
the  aid  of  a  water-bath.  Mix  the  sand  uniformly  with  the  extract  and  transfer 
the  mixture  to  an  Erlenmeyer  flask  of  about  100-Cc.  capacity,  rinsing  the  dish  with 
a  mixture  of  25  Cc.  of  chloroform  and  2.5  Cc.  of  ammonia  water.  Transfer  the 
rinsings  to  the  flask,  cork  it  securely,  and  shake  it  well  at  intervals  during  one  hour. 
Decant  the  liquid,  transfer  to  a  separator,  wash  the  sand  with  several  portions  of 
chloroform,  draw  off  and  filter  the  chloroformic  liquid  into  another  separator. 
Then  shake  out  the  chloroform  solution  with  15  Cc.  of  normal  sulphuric  acid  V.S., 
transferring  the  acid  aqueous  solution  to  another  separator.  Repeat  the  shaking 
out  with  a  mixture  of  5  Cc.  of  normal  sulphuric  acid  V.S.  and  5  Cc.  of  distilled  water, 
collecting  the  acid  solutions  in  the  second  separator.  Again  repeat  the  shaking  out 
with  10  Cc.  of  distilled  water,  and  add  the  aqueous  liquid  to  the  second  separator. 
Introduce  into  the  second  separator  a  small  piece  of  red  Utmus-paper,  add  enough 
ammonia  water  to  render  the  liquid  alkaline,  and  shake  out  the  liquid  with  20  Cc. 
of  chloroform,  drawing  off  the  chloroformic  solution  into  a  beaker.  Repeat  the 
shaking  out  with  two  portions  of  15  and  10  Cc.  each  of  chloroform,  and  add  the  chloro- 
formic solutions  to  the  beaker.  Evaporate  the  chloroform  by  means  of  a  water- 
bath,  and  dissolve  the  alkaloidal  residue  in  8  Cc.  of  tenth-normal  sulphuric  acid  V.S. 
Add  5  drops  of  cochineal  T.S.  or  iodeosin  T.S.,  and  titrate  the  excess  of  acid  with 
fiftieth-normal  potassium  hydroxide  V.S.  Divide  the  number  of  cubic  centimeters 
of  fiftieth-normal  potassium  hydroxide  V.S.  used  by  5,  subtract  the  quotient  from  8 
(the  8  Cc.  of  tenth-normal  sulphuric  acid  V.S.  taken),  and  multiply  the  remainder 
by  0.02,  and  this  product  by  10,  to  obtain  the  weight  in  grammes  of  alkaloids  con- 
tained in  one  hundred  cubic  centimeters  of  the  Fluidextract  of  Pilocarpus. 

Assay  of  Scopola 

The  method  to  be  employed  is  identical  with  that  given  for  Belladonna  Leaves, 
on  p.  1028,  using  ten  grammes  of  Scopola,  in  No.  60  powder. 

Assay  of  Extract  of  Scopola 

The  method  to  be  employed  is  identical  with  that  given  on  p.  1030,  using  two 

E'ammes  of  Extract  of  Scopola  instead  of  the  quantity  of  Extract  of  Belladonna 
eaves  there  directed.     The  product  must  be  multiplied  by  50  instead  of  20. 

Assay  of  Fluidextract  of  Scopola 

The  method  to  be  employed  is  identical  with  that  given  for  Fluidextract  of 
Belladoima  Root  on  p.  1031,  using  ten  cubic  centimeters  of  Fluidextract  of  Scopola. 

Assay  of  Stramonium 

The  method  to  be  employed  is  identical  with  that  given  on  p.  1028  for  Belladonna 
Leaves,  using  ten  grammes  of  Stramonium,  in  No.  60  powder. 

Assay  of  Extract  of  Stramonium 

The  method  to  be  employed  is  identical  with  that  given  for  Extract  of  Bella- 
donna Leaves  on  p.  1030,  using  five  grammes  of  Extract  of  Stramonium. 

Assay  of  Fluidextract  of  Stramonium 

The  method  to  be  employed  is  identical  with  that  given  for  Fluidextract  of 
Belladonna  Root  on  p.  1031,  usmg  ten  cubic  centimeters  of  Fluidextract  of  Stramonium. 
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Assay  of  Tincture  of  Stramonium 

Transfer  100  Cc.  of  Tincture  of  Stramonium  to  an  evaporating  dish,  and  evapo- 
rate it  on  a  water-bath  until  it  measures  about  10  Cc.  Add,  if  necessary,  sufficient 
alcohol  to  dissolve  any  separated  substance,  and  then  assay  the  resulting  liquid  by 
the  method  given  under  Fluidextractum  Belladonnce  Radicis  (p.  1031),  using  the  same 
details  as  there  directed  for  10  Cc.  of  Fluidextract  of  Belladonna  Root,  with  the 
exception  that  the  multiplication  by  10,  as  there  directed,  be  omitted;  the  result 
will  represent  the  weight  in  grammes  of  alkaloids  contained  in  one  hundred  cubic 
centimeters  of  Tincture  of  Stramonium. 

Like  the  assays  by  weight,  these  assays  by  titration  defy  both 
condensation  and  tabulation.  It  may  be  well,  however,  to  consider 
for  a  few  moments  the  arithmetic  of  the  titration. 

Taking  the  assay  of  aconite  as  a  type,  it  will  be  well  to  notice  that 
the  equation  used  in  calculation  of  the  amount  of  aconitine  in  the 
drug,  the  fluidextract  and  the  tincture  contains  as  constant  factor 
0.064.  This,  it  will  be  noted,  is  the  molecular  weight  of  aconitine 
(p.  915)  divided  by  10,000.  It  will  also  be  noted  that  this  factor, 
0.064,  is  the  amount  of  aconitine  represented  by  1  Cc.  tenth-normal 
sulphuric  acid  V.S.  (p.  991),  this  simply  following  the  regular  process 
of  finding  the  equivalent  value  for  that  amount  of  volumetric  solution. 
Repeating  the  process  in  this  special  case: 

H,SO,     +     2C3,H„NO„     ==     (C3,H,,N0„),H,S0, 

One  molecule         Two  molecules  Aconitine  sulphate, 

sulphuric  acid.  aeon' tine. 

97.35  2X640.55 

Remembering  (p.  991)  that  1  Cc.  tenth-nprmal  H2S04  =  0.0048675 
Gm.  absolute  H2SO4,  we  see — 

That  97.35  Gm.  absolute  H^SO^  =  2  X  640.55  Gm.  aconitine, 

that  48.675  Gm.  absolute  HjSO^  =  640.55  Gm.  aconitine. 

And  that  0.0048675  Gm.  absolute  H^SO^  =  j^q^q  X  640.55  Gm.  aconitine. 

or  0.064  Gm.  aconitine. 

Taking  up  the  difference  in  the  equation  of  calculation  of  the 
three  forms  of  aconite  (see  pp.  1027  and  1028): 

Aconite  (drug)  |(3  -  Cc.  ^n  KOH)  ^  ^  ^^^  ^  ^^  ^         ^^^^  ^^^^.^.^^ 

Fluidextract  aconite]  5 

Tincture  aconite  ^^ ~ X  0.064  =  per  cent,  aconitine. 


We  find  that  the  figure  3  is  the  amount  of  tenth-normal  sulphuric 
acid  V.S.  (3  Cc.)  added  to  the  freed  alkaloids;  that 


Cc.  ^Vn  KOH" 


5 

means  the  number  of  cubic  centimeters  fiftieth-normal  alkali  divided 
by  5,  thus  expressing  the  alkali  used  in  terms  of  tenth-normal  solution; 
that  0.064  is  the  aconitine  value  of  1  Cc  of  tenth-normal  acid;  and 
that  multiplying  by  10  is  to  find  the  amount  of  aconitine  in  100  Gm. 
of  the  drug  or  100  Cc.  of  the  fluidextract.  In  calculating  the  strength 
of  the  tincture  the  10  is  omitted,  since  we  start  out  with  100  Cc.  of  the 
tincture.     Giving  a  concrete  example,   suppose   10   Gm.   aconite  is 
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extracted  by  official  process  and,  mixed  with  3  Cc.  yV^H2S04, . 
11  Cc.  j'uiiKOH  to  neutralize  excess  of  acid. 

11  Cc.  T^n  KOH  =  V  =  2.2  Cc.  j\n  KOH. 

2.2  Cc.  ^nn  KOH  =  2.2  Cc.  j\n  H3SO4. 
Then  2.2  Cc.  ^^n  H^SO^  is  left  out  of  the  3  Cc.  originally  added. 

3  —  2.2  =  0.8  Cc.  y^n  H2SO4  combined  with  aconitine. 

1  Cc.  T^n  H2SO4  =  0.064  Gm.  aconitine. 
So  0.8  Cc.  yJjjn  HjSO^  =  0.8  X  0.064  =  0.0512  Gm.  aconitine. 
We  see  10  Gm.  aconite  contains  0.0512  Gm.  aconitine. 
Hence  100  Gm.  aconite  contains  10  X  0.0512  or  0.512  Gm.  aconitine. 

This  method  of  reasoning  applies  to  all  of  this  class  of  assays; 
the  definite  numeric  factor  being  the  molecular  weight  of  the  appro- 
priate alkaloid  divided  by  10,000;  the  amount  of  alkaloid  (expressed 
in  grammes)  neutralized  by  one  cubic  centimeter  of  tenth-normal 
sulphuric  acid  V.S. 

SPECIAL  ACIDIMETRIC  ASSAYS  OF  VOLATILE  OILS 

Two  natural  and  two  synthetic  volatile  oils,  owing  their  activity 
to  aldehydes,  are  assayed  by  the  acidimetric  process. 

Assay  of  Benzaldehyde 

Introduce  into  a  tared  150-Cc.  flask  10  Cc.  of  purified  kerosene,  note  the  exact 
weight,  add  12  drops  of  Benzaldehyde,  and  again  note  the  weight;  add  20  Cc.  of 
distilled  water  with  6  drops  of  rosolic  acid  T.S.,  and  then  neutraHze  the  solution 
exactly  by  the  addition  of  tenth-normal  sodium  hydroxide  V.S.,  agitating  the  flask 
thoroughly.  Add  from  a  burette,  gradually,  a  solution  of  sodium  sulphite  (1  in  5), 
alternating  with  half-normal  hydrochloric  acid  V.S.  from  a  second  burette,  until 
10  Cc.  of  the  sodium  sulphite  solution  have  been  added,  and  enough  half-normal 
hydrochloric  acid  V.S.  to  maintain  the  neutrality  of  the  mixture;  after  adding  a  few 
drops  of  rosolic  acid  T.S.,  and  agitating  the  flask  frequently,  allow  it  to  stand 
two  hours  to  insure  a  permanent  condition  of  neutrality,  and  then  note  the  number 
of  cubic  centimeters  of  the  half-normal  hydrochloric  acid  V.S.  used.  Carry  out  a 
blank  test,  identical  with  the  foregoing,  except  that  the  Benzaldehyde  is  omitted,  and 
note  the  amount  of  half-normal  hydrochloric  acid  V.S.  consumed.  Subtract  the 
number  of  cubic  centimeters  required  in  the  blank  test  from  the  number  required 
in  the  original  test;  each  Cc.  of  this  difference  corresponds  to  0.0526  Gm.  of  Ben- 
zaldehyde. To  find  the  percentage,  multiply  the  above  difference  by  0.0526,  and 
this  product  by  100,  and  divide  the  weight  of  the  Benzaldehyde  taken. 

This  assay  is  based  on  the  fact  that  normal  sodium  sulphite  in  water 
may  be  regarded  to  change  to  a  very  slight  extent  in  aqueous  solutions 
as  follows, 

SOaNa^     +     H^O     =     SOjHNa     +     NaOH, 

until  an  equilibrium  is  reached.  If  this  equilibrium  be  disturbed  by 
diluted  HCl  which  combines  with  the  NaOH,  the  change  from  normal 
to  acid  sulphite  will  continue. 

This  change  is  induced  by  aldehydes,  which  add  on  the  elements  of 
acid  sulphite,  forming  hydroxysulphonates,  etc.  In  this  way  we,  there- 
fore, titrate  the  NaOH  formed  by  the  interaction  between  aldehyde, 
normal  sulphite,  and  water,  computing  the  aldehyde  directly: 

Vr. 

HCl    -^    NaOH    ■z^    SOjNa,    ^i^    SOaHNa    -^    K^ 
66 
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Hence  one  molecule  hydrochloric  acid  indirectly  represents  one 
molecule  benzaldehyde. 

Hence  36. 18        Gm.  absolute  HCl  =  105.25  Gm.  absolute  benzaldehyde, 
0.01809  Gm.  absolute  HCl  (  1809 

(amount  in  1  Cc.  ^nHCl)  {  =  3618000    X    l^^'^S  or  0.0526 
Gm.  absolute  benzaldehyde. 

Such  is  the  way  the  factor  0.0526  is  obtained,  the  rest  of  the 
calculation  being  based  on  the  different  amount  of  half-normal 
hydrochloric  acid  used  in  the  benzaldehyde  assay  and  in  the  blank 
test,  and  on  the  exact  weight  of  the  benzaldehyde  employed. 

Like  benzaldehyde  assay  are  the  other  three,  viz.: 

OU  of  bitter  almond,  exactly  the  same,  save  12  drops  of  the  oil  are  used. 


Amount 

Amount 

Amount  Sob- 

Amount 

Phbnol- 

NaoSOs 

stance. 

Water. 

PHTHALEIN 

T.S. 

Solution. 

Cinnamic 

Twelve  drops  care- 
fully weighed  di- 

5Cc. 

Few  drops. 

50  Cc.  ad- 

aldehyde. 

ded  all  at 

rect      (no      kero- 

once. 

sene). 

Oil  of  Lemon 

15     Cc.     carefully 

5Cc. 

Few  drops. 

25  Cc.  ad- 

(citral 

weighed       direct 

ded  all  at 

assay). 

(no  kerosene). 

once. 

Let  Stand.     Factob. 


In  boiling  water, 
adding  half-nor- 
mal acid  until 
neutral. 


0.033 


0.03802 


SAPONIFICATION  NUMBER  OF  OILS  AND  FATS 

As  already  explained  on  p.  737,  fixed  oils  and  fats  are  esters  of 
glycerin  with  fatty  acids,  and  the  process  of  soap-making  is  the 
cooking  of  such  oils  with  soda  or  potassa,  whereby  the  sodium  or 
potassium  salts  of  the  fatty  acids  are  obtained.  This  fact  is  utilized 
in  the  assay  of  oils  and  fats,  a  given  weight  of  the  fatty  substance 
being  boiled  with  a  known  excess  of  alcoholic  potassium  hydroxide 
T.S.  (p.  994),  and  titrated  with  half-normal  hydrochloric  acid.  In 
this  way  we  can  find  out  the  exact  amount  of  alkali  taken  up  by  the 
oil,  and  thus  the  "saponification  number"  can  be  deduced. 

The  pharmacopceial  process  is  as  follows: 

Saponification  Value  of  Fats  and  Oils. — The  determination  of  the  saponifica- 
tion value  is  conducted  as  follows:  Weigh  out  accurately,  in  a  flask  holding  150  to 
200  Cc,  1.5  to  2  Gm.  of  the  purified  and  filtered  fat.  Next  run  into  the  flask,  with 
a  burette,  25  Cc.  of  alcoholic  potassium  hydroxide  T.S.  While  exactly  25  Cc. 
is  not  indispensable,  in  comparative  tests  precisely  the  same  amount  must  be 
used,  allowing  the  burette  to  drain  in  exactly  the  same  way  in  each  test.  Then 
place  a  small  funnel  in  the  flask  and  heat  it  on  a  water-bath  containing  boiling  water, 
for  half  an  hour,  so  that  the  alcohol  is  simmering,  frequently  imparting  a  rotatory 
motion  to  the  contents  of  the  flask.  Then  add  1  Cc.  of  phenolphthalein  T.S.,  and 
titrate  back  the  excess  of  potassium  hydroxide  with  half-normal  hydrochloric  acid 
V.S.  A  blank  test  is  made  at  the  same  time,  using  the  alcoholic  potassium  hydroxide 
T.S.  alone;  the  difference  in  the  number  of  cubic  centimeters  of  half -normal  hydro- 
chloric acid  V.S.  consumed  by  the  blank  test  and  the  real  test,  multiplied  by  27.87, 
and  divided  by  the  weight  in  grammes  of  the  fat  or  oil,  will  give  the  saponification 
equivalent  of  the  sample  tested. 


The  saponification  number  means  the  number  of  milligrammes 
absolute  potassium  hydroxide  which  combines  with  1  Gm.  of  oil. 
Thus,  taking  an  example  of  calculating  by  process  given  above, 
suppose  2  Gm.  of  olive  oil  combines  with  13.9  Cc.  half-normal  potas- 
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slum  hydroxide  V.S.  That  is,  suppose  it  takes  25  Cc.  half-normal 
hydrochloric  acid  V.S.  required  to  neutralize  25  Cc.  alcoholic  potassa 
before  saponification,  and  11,1  Cc.  half-normal  hydrochloric  acid  V.S. 
to  neutralize  the  25  Cc.  alcoholic  potassa  after  saponification.  The 
equations  in  this  case  would  be  25  —  11.1  =  13.9, 

13.9  X  27.87  _  390.104  _  ,._ 
2  2~  ~  ^^^• 

and  the  saponification  number  is  195. 

Now  let  us  see  the  amount  of  potassa  combining  with  the  oil: 

1  Cc.  in  KOH  =  0.02787  Gm.  absolute  KOH  (p.  995). 
13.9  Cc.  in  KOH  =  13.9  X  0.02787  =  0.390192  Gm.  absolute  KOH. 

Hence  we  see  that  2  Gm.  oil  combines  with  390  milligrammes  KOH 
and  1  Gm.  oil  combines  with  195  milligrammes  KOH. 

SAPONIFICATION  NUMBER  OF  OFFICIAL  OILS  AND  FATS 

The  following  oils  and  fats  are  thus  assayed; 

Sap.  No.  Sap.  No. 

Olive  oil 191-195         Croton  oil 203-215 

Expressed  oil  of  almond 191-200         Oil  of  theobroma 188-195 

Cotton  seed  oil 191-196         Lard  oil 195-197 

Linseed  oil 187-195         Cod  liver  oil 175-185 

Castor  ml 179-183         Ydlow  wax 90-96 

The  following  volatile  oils  are  assayed  by  saponification: 

Oil  of  Rose. — Place  in  a  weighing  bottle  about  2  Cc.  of  the  Oil  of  Rose,  and  weigh 
it  accurately.  Transfer  it,  with  the  aid  of  a  little  alcohol,  to  a  100-Cc.  flask,  and  add 
20  Cc.  of  half-normal  alcoholic  potassium  hydroxide  V.S.  Connect  the  flask  with 
a  reflux  condenser,  and  boil  the  mixture  during  thirty  minutes  on  a  water-bath. 
When  cool,  add  50  Cc.  of  distilled  water  and  a  few  drops  of  phenolphthalein  T.S., 
and  titrate  with  half-normal  sulphuric  acid  V.S.  Subtract  the  number  of  Cc.  of 
half-normal  sulphuric  acid  V.S.  required  from  20  (the  20  Cc.  of  half-normal  alco- 
holic potassium  hydroxide  V.S.  taken),  multiply  the  difference  by  27.87,  and  divide 
by  the  weight  of  the  Oil  to  obtain  the  saponification  value. 

By  this  assay  oil  of  rose  should  show  a  saponification  value  of  not 
less  than  10  nor  more  than  17;  that  is,  each  gramme  of  the  oil  should 
combine  with  10  to  17  milligrammes  absolute  potassa.  This  saponifi- 
cation value  is  much  smaller  than  that  of  the  fixed  oils,  for  while  these 
are  composed  chiefly  of  ester,  oil  of  rose  contains  but  a  small  per- 
centage of  its  peculiar  ester,  methyl  ester  of  methyl  anthranilic  acid. 

OU  of  Peppermint. — Introduce  into  a  tared  flask  10  Cc.  of  Oil  of  Peppermint,  and 
note  the  exact  weight;  add  25  Cc.  of  half-normal  alcoholic  potassium  hydroxide  V.S., 
connect  with  a  reflux  condenser,  and  boil  the  mixture  during  one  hour.  After  cooling 
titrate  the  residual  alkah  with  half-normal  sulphuric  acid  V.S.,  using  phenolph- 
thalein T.S.  as  indicator.  Subtract  the  number  of  cubic  centimeters  of  half-normal 
sulphuric  acid  V.S.  required  from  the  25  Cc.  of  half-normal  alcoholic  potassium 
hydroxide  V.S.  taken,  multiply  the  difference  by  9.834,  and  divide  the  product  by  the 
weight  of  the  Oil  of  Peppermint  taken  to  find  the  percentage  of  menthyl  acetate. 
Wash  the  residual  oil  repeatedly  with  water,  transfer  it  to  a  flask  provided  with 
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a  ground-glass  tube-condenser  (aeetylization  flask),  add  10  Cc.  of  acetic  acid  anhy- 
dride and  about  1  Gm.  of  anhydrous  sodium  acetate,  and  boil  gently  during  one  hour. 
Allow  it  to  cool,  wash  the  acetylized  oil  with  distilled  water,  and  afterward  with 
sodium  hydroxide  T.S.,  until  the  mixture  is  slightly  alkaline  to  phenolphthalein 
T.S.,  and  then  dry  it  with  the  aid  of  fused  calcium  chloride,  and  filter. 

Transfer  to  a  tared  100-Cc.  flask  5  Cc.  of  the  dry  acetylized  oil,  note  the  exact 
weight,  add  50  Cc.  of  half-normal  alcoholic  potassium  hydroxide  V.S.,  connect  with 
a  reflux  condenser,  and  boil  the  mixture  during  one  hour.  After  cooling,  titrate  the 
residual  alkali  with  half-normal  sulphuric  acid  V.S,,  using  phenolphthalein  T.S. 
as  indicator.  Subtract  the  number  of  cubic  centimeters  of  half-normal  sulphuric 
acid  V.S.  required  from  50  Cc.  of  half-normal  alcoholic  potassium  hydroxide  V.S. 
taken,  multiply  the  difference  by  7.749,  and  divide  the  product  by  the  weight  of 
the  dry  acetylized  oil  taken,  less  the  above  difference  multiplied  by  0.021;  the  quotient 
will  represent  the  percentage  of  menthol  in  the  Oil  of  Peppermint. 

Note. — The  difference  referred  to  above  represents  the  number  of  cubic  centi- 
meters of  haK-normal  alcohohc  potassium  hydroxide  V.S,  consumed  by  the  acetyl- 
ized oil. 

Oil  of  Rosemary. — Assayed  like  oil  of  peppermint,  except  the 
factor  for  the  ester  (bornyl  acetate)  is  9.734,  and  that  for  the  alcohol 
(borneol)  is  7.649.  It  will  be  noticed  that  both  of  these  assays  include 
two  operations:  the  saponification  of  the  characteristic  ester  by  a 
process  similar  to  that  used  in  the  assay  of  oil  of  rose,  and  then  the 
assay  of  the  characteristic  alcohol  by  "aeetylization." 

As  to  the  saponification  tests,  it  will  be  seen  that  the  factor  (9.834 
for  the  menthyl  acetate  of  oil  of  peppermint;  9.734  for  the  bornyl 
acetate  of  oil  of  rosemary)  represents  the  molecular  weight  of  the 
characteristic  ester  divided  by  200,  or  100  times  the  amount  of  ester 
that  combines  with  1  Cc.  half-normal  potassium  hydroxide  V.S. 
(p.  995). 

This  can  best  be  explained  by  a  hypothetic  assay. 

Suppose  we  find  9  Gm.  of  oil  of  peppermint  combines  with  7.5  Cc. 
half-normal  alcoholic  KOH;  that  is,  while  the  25  Cc.  half-normal 
alcoholic  KOH  took  25  Cc.  half-normal  H2SO4  before  saponification, 
after  saponification  the  alkali  left  took  only  17.5  Cc.  half-normal 
H2SO4.     In  such  cases  we  find — 

that  (a)  9  Gm.  oil  =  7.5  Cc.  j\n  alcoholic  KOH. 

that  (b)   1  Cc.  Jn  alcohohc  KOH      =  0.09834  Gm.  menthyl  acetate, 
that  (c)   7.5  Cc.  in  alcoholic  KOH  =  7.5  X  0.09834. 

=  0.73755  Gm.  menthyl  acetate. 
Therefore  that  (d)  9  Gm.  oil  =  0.73755  Gm.  menthyl  acetate, 

and  that  (e)  9  Gm.  oil  =  ^^  X  0.73755  =  8.2  per  cent,  menthyl 

acetate. 

Careful  examination  of  the  above  figures  shows  that  the  real  calcu- 
lation "c"  and  "e"  means  the  multiplication  of  the  number  of  cubic 
centimeters  of  alcoholic  potassa  used  by  0.09834  and  by  100  (or  by 
9.834),  and  finally  dividing  by  weight  of  oil.  In  passing,  it  may  be 
stated  that  the  use  of  the  aeetylization  factors  (7.749  for  the  menthol 
in  oil  of  peppermint  and  7.649  for  the  borneol  in  oil  of  rosemary)  can 
be  explained  in  the  same  way. 

The  aeetylization  tests  given  above  for  oil  of  peppermint  and  for  oil 
of  rosemary,  as  well  as  that  for  the  santalol  in  oil  of  santal,  iven 
below,  are  based  on  the  fact  that  the  characteristic  alcohols  of  these 
three  oils  form  well-defined  acetyl  compounds  when  boiled  with  acetic 
acid  anhydride  and  sodium  acetate,  in  the  appropriate  "aeetylization 
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flask"  (Fig.  231);  that  this  oil,  separated  from  the  aqueous  liquid, 
washed  with  water,  and  dried,  can  be  saponified  like  any  other 
ester,  and  from  the  amount  of  alcoholic  potassa  re- 
quired for  saponification  the  amount  of  alcohol  can  be 
estimated. 

The  oils  thus  assayed  are: 

Oil  of  Peppermint. — See  p.  1043. 

Oil  of  Rosemary. — See  p.  1044. 

Oil  of  Santal. — Like  assay  for  menthol  in  oil  of  pepper- 
mint, except  that  2  Gm.  anhydrous  sodium  acetate  are 
used;  that  the  mixture  is  boiled  in  acetylization  flask 
one  and  one-half  hours;  that  3  Cc.  of  the  acetylized  oil  is 
taken  for  saponification;  and  that  the  factor  is  11.026. 

THE  ACm  NUMBER  OF  RESINS 

As  mentioned  on  p.  852,  true  resins  contain  resin 
acids.  These  resin  acids,  like  other  acids,  combine  with 
alkali  in  definite  proportions.  Hence  their  amount  can 
be  estimated  by  titration  with  volumetric  alkali  solution. 
The  pharmacopoeial  directions  for  acid  number  estima- 
tions are  as  follows: 


Fig.  231.— 
Acetylization 
flask. 


Resins,  etc.,  Acid  Number  for. — Dissolve  1  Gm.  of  the  resinous  substance  in 
alcohol,  add  a  few  drops  of  phenolphthalein  T.S.,  and  titrate  with  normal  potassium 
hydroxide  V.S.;  the  amount  of  potassium  hydroxide  consumed  (expressed  in  milh- 
grammes)  is  termed  the  Acid  Number.  The  reaction  is  often  more  distinct  if  an  excess 
of  normal  potassium  hydroxide  V.S.  be  used  and  the  solution  titrated  back  with 
normal  acid  V.S. 

The  official  resins  so  tested  are: 

Guaiac  (acid  number  70  to  80) ;  mastic  (acid  number  not  less  than 
65);  rosin  (acid  number  not  less  than  150). 

IODINE  ABSORPTION  NUMBER. 

As  already  explained  on  p.  628,  fixed  oils,  like  all  other  unsaturated 
bodies,  when  treated  with  halogens,  notably  iodine,  loosen  whatever 
double  bonds  they  possess,  attaching  an  atom  of  the  halogen  to  each 
bond  thus  freed;  hence  each  double  bond  in  such  oil  takes  up  two 
atoms  of  iodine.  As  the  percentage  of  unsaturated  ester  differs  in 
each  fixed  oil,  the  different  fixed  oils  absorb  different  amounts  of 
iodine;  hence  the  iodine  absorption  number  is  a  valua,ble  aid  to 
identification  and  differentiation  of  oils.  The  pharmacopoeial  explana- 
tion of  this  test  is  as  follows: 

Iodine  Absorption  Value  of  Fats  and  Oils.— The  iodine  value  or  number 
of  a  fat  or  an  oil  is  a  figure  which  indicates  the  percentage  of  iodine  absorbed  under 
certain  conditions.  It  is  determined  as  follows:  To  a  solution  of  0.3  Gm.»  of  the 
fat  or  oil  in  10  Cc.  of  chloroform  contained  in  a  glass-stoppered  bottle  of  250-Cc. 
capacity,  add  25  Cc.  of  a  mixture  of  equal  volumes  of  alcoholic  iodine  T.S.  and 
alcohoHc  mercuric  chloride  T.S.,  both  of  which  have  been  measured  from  a  burette. 
After  having  been  securely  stoppered,  the  bottle  is  set  aside  in  a  cool  place,  protected 
from  the  light,  for  a  period  of  four  ^  hours.     After  this  time,  the  mixture  must  still 

'  0.15  to  0.2  Gm.  for  hnseed  oil  and  0.8  Gm.  for  oil  of  theobroma  and  similar  fats. 
'  Sixteen  hours  are  required  for  accuracy  in  the  case  of  linseed  oil. 
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possess  a  brown  color;  if  it  does  not,  a  further  measured  portion  of  the  mixture  of  the 
two  reagents  should  be  added,  and  the  mixture  be  again  set  aside.  Finally,  20  Cc. 
of  potassium  iodide  T.S.  are  added,  followed  by  50  Cc.  of  water,  and  tenth-normal 
sodium  thiosulphate  V.S.  is  then  added  in  small  successive  portions,  shaking  thor- 
oughly after  each  addition  until  the  color  of  the  mixture  is  discharged.  The  number 
of  Cc.  of  the  sodium  thiosulphate  V.S.  consumed  is  noted.  At  the  same  time  that 
this  test  is  carried  out,  a  blank  experiment  is  made  in  which  exactly  the  same  quanti- 
ties of  chloroform,  iodine  T.S.,  and  mercuric  chloride  T.S.  are  mixed,  and  after  stand- 
ing for  four  or  more  hours,  the  free  iodine  is  estimated  bv  titration  with  tenth-normal 
sodium  thiosulphate  V.S.  as  directed  above.  The  numoer  of.Cc.  of  the  thiosulphate 
V.S.  consumed  is  noted,  and  from  this  is  deducted  the  number  of  Cc.  of  the  thiosul- 
phate V.S.  which  was  consumed  in  the  test;  the  difference  multiplied  by  12.59,  and 
this  product  divided  by  3,^  gives  the  iodine  value  of  the  fat  or  oil. 

Iodine  Test  Solution,  Alcoholic. — Dissolve  25  Gm.  of  iodine  [lodum,  U.  S.  P.J 
in  500  Cc.  of  alcohol.  This  solution  is  employed  in  the  determination  of  the  iodine 
absorption  value  of  fats  and  oils. 

Mercuric  Chloride  Test  Solution,  Alcoholic. — Dissolve  30  Gm.  of  mercuric 
chloride,  HgClj  [Hydrargyri  Chloridum  Corrosivum,  U.S.  P.],  in  500  Cc.  of  alcohol. 
This  solution  is  employed  in  the  determination  of  the  iodine  absorption  value  of  fats 
and  oils. 

Explaining  the  arithmetic  of  this  process,  let  us  suppose  that 
0.3  Gm.  of  a  certain  fat  plus. 25  Cc.  alcoholic  iodine  T.S.  take  60  Cc. 
tenth-normal  thiosulphate  V.S.  to  decolorize,  while  in  the  blank 
experiment  25  Cc.  alcoholic  iodine  T.S.  takes  90  Cc.  tenth-normal 
thiosulphate  V.S.  for  decolorization.  This  would  mean  that  0.3  Gm. 
fat  absorbed  90—60,  or  30  Cc.  tenth-normal  thiosulphate  V.S. 

1  Cc.  j\n  thiosulphate  V.S.  =  0.01259  Gm.  iodine  (p.  1002). 
30  Cc.  xVn  thiosulphate  V.S.  =  30  X  0.01259  Gm.  iodine. 

=  0.3777  Gm.  iodine. 
Hence  0.3  Gm.  fat  absorbed  0.3777  Gm.  iodine. 
Hence  100  Gm.  fat  would  absorb  ^f-^  X  0.3777  Gm.  iodine 

or  125.9  Gm.  iodine. 

The  factor  as  given  by  the  pharmacopoeia  is:  "The  number  of 
Cc.  thiosulphate  consumed  in  the  blank  (90  Cc.  in  our  case)  is  deducted 
from  the  number  of  centimeters  thiosulphate  consumed  in  the  test 
(60  Cc.  in  our  case),  and  the  difference  (30  in  our  case),  multiplied  by 
12.59  and  divided  by  3,  gives  the  iodine  value." 

^^^^  .  125.9, 

which  shows  that  the  so-called  "iodine  number"  means  the  num- 
ber of  grammes  of  iodine  absorbed  by  100  grammes  of  fat. 

The  following  official  oils  are  tested  exactly  as  in  the  process  given 
above: 

Iodine  Iodine 

Value.  Value. 

Olive  oU 80-88  Croton  oil 103-109 

Expressed  oil  of  almond 95-100        Lard  oil 56-74 

Cotton  seed  oil 102-108         Cod  liver  oil 140-150 

The  following  official  oils  deviate  slightly  from  the  general  direc- 
tions given  above,  the  difference  being  noted  in  each  case: 

'  When  the  quantity  of  the  fat  or  oil  used  is  not  0.3  Gm.,  then  the  product  is  not 
divided  by  3,  but  the  figure  corresponding  to  the  quantity  taken;  thus,  for  linseed 
oil,  0.15  Gm.  would  be  divided  by  1.5. 


VOLUMETRIC  ASSAYS  OF   ORGANIC   SUBSTANCES  1047 

Ldnseed  oil 0.15  Gm.  used;  maceration  is  sixteen  hours;  iodine  value  at 

least  170. 

Castor  oil 0.3  Gm.  used;  maceration  is  eight  hours;  iodine  value  84  to  89. 

OU  of  theobroma 0.8  Gm.  used;  maceration  is  four  hours;  iodine  value  33  to  38. 


SPECIAL  ORGANIC  VOLUMETRIC  ASSAYS 
I.     PHENOL  ASSAY  WITH  KOPPESCHAAR'S  SOLUTION 

As  the  theory  of  this  assay  is  given  on  p.  760,  it  is  merely  necessary 
to  insert  pharmacopoeial  directions  and  to  calculate  results: 

TENTH-NORMAL  BROMINE  VOLUMETRIC  SOLUTION 

[Koppeschaak's  Solution] 

Br  =  79.36.  7.936  Gm.  in  1000  Co. 

Dissolve  3.2  Gm.  of  potassium  bromate  and  50  Gm.  of  potassium  bromide 
in  sufficient  water  to  measure,  at  or  near  25°  C.  (77°  F.),  900  Cc.  Transfer  20  Cc. 
of  this  solution,  by  means  of  a  pipette,  into  a  bottle  having  a  capacity  of  about  250 
Cc.  and  provided  with  a  glass  stopper;  add  75  Cc.  of  water  and  5  Cc.  of  pure  hydro- 
chloric acid  and  immediately  insert  the  stopper.  Shake  the  bottle  a  few  times, 
then  remove  the  stopper  just  sufficiently  to  quickly  introduce  5  Cc.  of  potassium 
iodide  T.S.,  taking  care  that  no  bromine  vapors  escape,  and  immediately  stopper 
the  bottle.  Agitate  the  bottle  thoroughly,  remove  the  stopper  and  rinse  it  and  the 
neck  of  the  bottle  with  a  little  water  so  that  the  washings  flow  into  the  bottle,  and 
then  add  from  a  burette  tenth-normal  sodium  thiosulphate  V.S.  until  the  brown 
iodine  tint  is  just  discharged.  Note  the  number  of  Cc.  of  the  sodium  thiosulphate 
V.S.  thus  consumed,  and  then  dilute  the  bromine  solution  so  that  equal  volumes 
of  it  and  of  tenth-normal  sodium  thiosulphate  V.S.  will  exactly  correspond  to  each 
other  under  the  conditions  mentioned  above. 

Example. — Assuming  that  the  20  Cc.  of  the  bromine  solution  have  required 
25.2  Cc.  of  the  sodium  thiosulphate  V.S.  to  completely  discharge  the  iodine  tint, 
then  each  20  Cc.  of  the  bromine  solution  must  be  diluted  to  25.2  Cc.  Thus,  if  850 
Cc.  of  the  solution  remain,  it  must  be  diluted  with  water  to  measure  1071  Cc. 

After  the  solution  is  thus  diluted,  a  new  trial  should  be  made  in  the  manner 
above  described,  in  which  25  Cc.  of  the  tenth-normal  sodium  thiosulphate  V.S.  should 
just  discharge  the  tint  of  the  iodine  liberated  by  the  bromine  set  free  from  25  Cc. 
of  the  standard  bromine  solution. 

Keep  the  solution  in  dark  amber-colored,  glass-stoppered  bottles. 

One  Cubic  Centimeter  of  Tenth-Normal  Bromine  V.S.  is  the  equivalent  of: 

Gramme. 

Bromine,  Br 0.007936 

Phenol,  CeHjOH 0.001556 

The  only  official  chemical  tested  with  this  solution  is — 

Assay  of  Phenol 

Dissolve  1.556  Gm.  of  the  Phenol  to  be  valued  in  a  sufficient  quantity  of  water 
to  make  1000  Cc.  Transfer  25  Cc.  of  this  solution  (containing  0.0389  Gm.  of  Phenol) 
to  a  glass-stoppered  bottle  having  a  capacity  of  about  200  Cc,  add  30  Cc.  of  tenth- 
normal bromine  V.S.,  then  5  Cc.  of  hydrochloric  acid,  and  immediately  insert  the 
stopper.  Shake  the  bottle  repeatedly  during  half  an  hour,  then  remove  the  stopper 
just  sufficiently  to  introduce  quickly  5  Cc.  of  an  aqueous  solution  of  potassium  iodide 
(1  in  5),  being  careful  that  no  bromine  vapor  escapes,  and  immediately  stopper  the 
bottle.  Shake  the  latter  thoroughly,  remove  the  stopper  and  rinse  it  and  the  neck 
of  the  bottle  with  a  little  water,  so.  that  the  washings  may  flow  into  the  bottle,  and 
then  add  1  Cc.  of  chloroform  and  shake  well.  Add,  from  a  burette,  tenth-normal 
sodium  thiosulphate  V.S.,  until  the  iodine  tint  is  exactly  discharged,  and  does  not 
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reappear  after  thorough  agitation.  Note  the  number  of  Cc.  of  tenth-normal  sodium 
thiosulphate  V.S.  consumed  (which  should  not  exceed  6  Cc.)-  The  percentage  of 
absolute  Phenol  is  found  by  subtracting  the  number  of  Cc.  of  tenth-normal  sodium 
thiosulphate  V.S.  used  from  30  (the  number  of  Cc.  of  bromine  V.S.  originally  added), 
and  multiplying  the  remainder  by  4. 

It  will  be  seen  that  a  certain  amount  of  bromine  is  absorbed  by 
the  phenol;  that  the  excess  liberates  iodine  from  the  added  potassium 
iodide,  and  that  the  iodine  thus  freed  is  titrated  with  tenth-normal 
thiosulphate  solution. 

We  have  already  learned  (p.  1000)  that  1  Cc,  tenth-normal  thio- 
sulphate V.S.  equals  1  Cc.  tenth-normal  iodine  V.S.,  and  as  the  bromine 
liberates  iodine  atom  for  atom,  1  Cc.  tenth-normal  thiosulphate  solu- 
tion must  equal  1  Cc.  tenth-normal  bromine  solution. 

We  find  above  that  1  Cc.  ygU  bromine  V.S.  =0.001556  Gm.  phenol. 
This  is  because  the  reaction  between  bromine  and  phenol  runs  as 
follows: 

CaHpH     +     6Br     =     CeH^BrjOH     +     3HBr. 
93.34  6X79.36 


or  476.16 


We  therefore  see — 


476.16  Gm.  Br  =  93.34  Gm.  CeHjOH. 

Hence  79.36  Gm.  Br  =  ^f^  =  15.56  Gm.  CeHsOH, 
and  7.936  Gm.  Br    ] 
or  1000  Cc.  fo  Br  V.S.  J        =  l-^^S  Gm.  C,H,OH. 

Hence  1  Cc.  ~  Br  V.S.  =  0.001556  Gm.  CHOH. 

In  the  pharmacopceial  assay  of  phenol  we  take  a  solution  equiva- 
lent to  0.0389  Gm.  phenol,  mix  it  with  30  Cc.  tenth-normal  bromine 
V.S.,  then  with  acid  and  potassium  iodide,  and  finally  titrate  freed 
iodine  with  tenth-normal  thio  V.S.  Suppose  it  takes  6  Cc.  thiosul- 
phate solution  to  decolorize,  that  would  mean  that  there  had  been 
in  the  solution  before  adding  the  potassium  iodide  6  Cc.  tenth-normal 
bromine  V.S.,  and  that  the  phenol  had  combined  with  30—6  to  24  Cc. 
tenth-normal  bromine  V.S. 

Since    1  Cc.  ^\n  Br  V.S.  =  0.001556  Gm.  phenol. 

24  Cc.  xVn  Br  V.S.  =  24  X  0.001556  Gm.  phenol, 
or  0.037344  Gm.  phenol. 
Hence  0.0389  Gm.  of  the  sample  of  phenol  contained  0.037344  Gm.  absolute 

phenol,  or  goQQQ  of  100  per  cent,  or  96  per  cent,  absolute  phenol. 

II.     SUGAR  ASSAY  WITH  FEHLING'S  SOLUTION 

This  assay  has  been  discussed  on  p.  695,  and  as  neither  of  the 
official  sugars  is  directed  to  be  assayed,  we  can  leave  the  subject  after 
presenting  pharmacopceial  directions  and  a  few  additional  remarks. 

ALKALINE  CUPRIC  TARTRATE   VOLUMETRIC   SOLUTION 

[Fehling's  Solution] 

A.  The  Copper  Solution. — Dissolve  34.67  (34.6663)  Gm.  of  carefully  selected, 
small  crystals  of  pure  cupric  sulphate  [Cupri  Sulphas,  U.S.  P.],  showing  no  trace  of 


VOLUMETRIC  ASSAYS  OF  ORGANIC   SUBSTANCES  1049 

efflorescence  or  of  adhering  moisture,  in  a  sufficient  quantity  of  water  to  make  the 
solution  measure,  at  25°  C.  (77°  F.)>  exactly  500  Cc. 

Keep  this  solution  in  small,  well-stoppered  bottles. 

B.  The  Alkaline  Tartrate  Solution. — Dissolve  173  Gm.  of  crystallized  potassium 
and  sodium  tartrate  \Potassii  et  Sodii  Tartras,  U.S.  P.J  and  75  Gm.  of  potassium 
hydroxide  [Potassii  Hydroxidum,  U.  S.  P.]  in  a  sufficient  quantity  of  water  to  make 
the  solution  measure,  at  25°  C.  (77°  F.),  exactly  500  Cc. 

Keep  the  solution  in  small,  rubber-stoppered  bottles. 

For  use,  mix  exactly  equal  volumes  of  the  two  solutions  at  the  time  required. 

One  Cubic  Centimeter  of  the  mixed  solviion  is  the  equivalent  of: 

Gramme. 

Cupric  Sulphate,  crystalhzed,  CuSO«-|-5H20 0.03467 

Cupric  Tartrate,  CuC,H,Og -h  SHjO 0.03688 

Cane  Sugar  (Inverted) 0.00475 

Glucose,  anhydrous,  CgHuO, 0.00500 

Milk  Sugar,  anhydrous,  CuH^jOn 0.00678 

It  will  be  seen  from  the  above  that  10  Cc.  of  mixed  solution  equals 
five  centigrammes  (0.05  Gm.)  of  glucose.  In  carrying  out  the  assay, 
10  Cc.  mixed  solution  is  put  into  an  evaporating  dish,  is  diluted  with 
water  (say  50  Cc),  and  is  brought  to  the  boiling-point. 

The  diluted  sugar  solution  (usually  diabetic  urine,  as  far  as  the 
pharmacist  is  concerned)  is  put  into  a  burette  and  is  poured  into  the 
boiling  solution,  little  by  little,  until  all  the  copper  is  precipitated. 
Details  are  beyond  the  scope  of  this  work;  hence  the  reader  is  referred 
to  one  of  the  books  on  urinary  analysis  mentioned  in  Preface. 

The  process  outlined  above  involves  a  peculiar  form  of  calculation; 
for  we  see  that  in  this  case,  contrary  to  the  usual  assay,  the  volumetric 
solution  is  measured  and  the  liquid  whose  strength  is  to  be  determined 
is  dropped  from  the  burette.  This  makes  our  report  read  something 
like  this:  10  Cc.  Fehling's  solution  was  completely  precipitated  by 
15  Cc.  urine.     In  such  case  the  calculation  runs  as  follows: 

10  Cc.  Fehling's  solution  =  15  Cc.  urine. 

10  Cc.  Fehling's  solution  =  0.05  Gm.  glucose. 
Hence    15  Cc.  urine  contained  0.05  Gm.  glucose. 
Hence  100  Cc.  urine  contained  W"  X  0.05  or  0.333  Gm.  glucose. 

and  we  ordinarily  say  that  such  urine  contains  0.333  per  cent.  (J  of  1 
per  cent.)  glucose,  although  bear  in  mind  that  in  exact  chemical  op- 
erations percentage  should  mean  grammes  to  100  grammes,  and  not 
grammes  to  100  Cc. 

Before  leaving  Fehling's  solution  mention  should  be  made  of  its 
far  more  accurate  modification — Pavy's  solution.  This  is  made  by 
adding  12  Cc.  mixed  Fehling's  solution  to  30  Cc.  stronger  ammonia 
water,  10  Cc.  10  per  cent,  soda,  and  water  to  make  100  Cc.  This 
mixture  is  boiled  in  a  flask  protected  from  air  by  having  a  layer  of 
melted  paraffin  floating  on  its  surface.  When  all  the  copper  is  taken 
up  by  the  urine  dropped  from  the  burette,  the  blue  solution  becomes 
colorless.  As  no  precipitate  of  cuprous  oxide  forms,  the  end  of  the 
reaction  is  much  easier  to  note  than  it  is  in  the  Fehling's  process. 

The  above  100  Cc.  mixture  represents  0.05  Gm.  glucose;  in  short, 
has  exactly  the  same  value  as  10  Cc.  Fehling's  solution. 
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CHAPTER   LVI 
GRAVIMETRIC  AND  GASOMETRIC  ASSAYS 

Gravimetric  analysis,  as  explained  on  p.  944,  is  the  estimation  of 
the  quantity  of  a  certain  ingredient  of  a  given  substance  by  the 
separation  of  this  ingredient,  free,  in  combination,  or  possibly  in 
reduced  form,  weighing  the  solid  so  separated,  and  from  the  weight 
obtained  deducing  the  amount  in  the  original  compound. 

Ordinarily,  the  process  consists  of  precipitating  the  ingredient  as 
an  insoluble  compound,  but  in  the  final  grouping  this  class  of  analysis 
includes  such  assays  as  the  extracting  and  weighing  of  alkaloids 
(see  Opium  Assay,  p.  1025),  the  burning  of  organic  salts  to  carbonates, 
which  are  then  weighed,  and  the  separation  of  a  button  of  metal 
from  the  ore  in  the  so-called  fire  assays. 

While  practically  all  the  pharmacopoeial  gravimetric  assays  are 
either  the  heating  of  organic  salts  to  carbonates  or  strongly  heating 
carbonates  to  oxides,  the  assays  by  precipitation  are  of  such  great 
importance  that  they  merit  passing  notice. 

Precipitation  assaijs  are  conducted  by  taking  an  aqueous  solution 
of  a  soluble  salt,  adding  thereto  the  appropriate  precipitant  (p.  139), 
collecting  the  insoluble  form  of  the  desired  ingredient  thus  precipitated, 
and  weighing  same  after  carefully  washing  free  from  soluble  impurity 
and  after  heating  until  all  moisture  and  volatile  impurities  are  driven 
off.     The  process  can  best  be  explained  by  a  few  typical  examples. 

We  want  to  estimate  the  amount  of  sulphuric  acid  in  a  certain 
batch  of  dried  sodium  sulphate.  We  take  0.2  Gm.  of  the  sulphate, 
dissolve  in  water,  and  add  barium  chloride  T.S.,  when  the  following 
reaction  occurs: 

(a)  Na^SO,     +     BaCl^     =     2NaCl     +     BaSO,. 
141.11  206.76         2X58.06  231.75 

The  insoluble  barium  sulphate  is  collected  on  a  filter,  washed,  dried, 
and  weighed,  when  we  find  in  the  case  under  consideration  that  0.2  Gm. 
NaaSO^  gave  0.325  Gm.  BaSO^. 
From  the  equation  above  we  find: 

0.231  Gm.  BaSO,  =  0.141  Gm.  absolute  Na^SO,. 
Then  0.325  Gm.  BaSO,  =  fff  X  0.141  =  0.198  Gm.  absolute  Na^SO,. 

Hence  we  see  that  the  0.2  Gm.  sodium  sulphate  contained  0,198  Gm. 
absolute  Na2S04. 

If  it  is  desired  to  estimate  only  the  acidulous  portion  (SO J  of  the 
sodium  sulphate,  the  calculation  runs  like  this:   , 

Na^SO,     +     BaCla     =     2NaCl     +     BaSO,. 
45.76  +  95.35       206.76  2X58.06  231.75 

141.11 

0.231  Gm.  BaSO^  =  0.095  Gm.  SO,. 
Then  0.325  Gm.  BaSO  =  fM  X  0.095  =  0.133  Gm.  SO,. 
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We  therefore  see  that 

0.2  Gm.  Na,SO,  contained  0.133  Gm.  S0«, 
or  Hf  X  100  =  67.5  per  cent.  SO,. 

Another  case,  showing  that  the  process  is  applicable  to  the  estima- 
tion of  the  basic  constituent  of  a  salt  as  well  as  the  acidulous  portion, 
might  be  given.  0.2  Gm.  silver  nitrate  is  precipitated  by  hydrochloric 
acid  as  silver  chloride,  as  shown  in  the  following  equation: 

AgNOj     +     HCl     =     AgCl     +     HNO3. 
168.69  36.18  142.30  62.57 

We  find  in  the  assay  that  0.2  Gm.  silver  nitrate  gives  0.165  Gm. 
dried  silver  chloride. 

From  the  equation  above  we  find  that — 

0.142  Gm.  AgCl  =  0.168  Gm.  absolute  AgNO,. 
Then  0.165  Gm.  AgCl  =  |ff  X  0.168  =  0.195  Gm.  absolute  AgNO,. 
Hence  0.200  Gm.  of  the  silver  nitrate  contained  0.195  Gm.  absolute  AgNOj  or 
i§§  X  100  per  cent.,  or  97.5  per  cent,  absolute  AgNOj; 

^  Expressed  as  quantity  of  metallic  silver,  the  calculation  runs  like 
this: 


Ag       NO3     +     HCl     =     AgCl     +     HNO3. 
107.12     61.57  36.18  142.30  62.57 


168.69 

0.142  Gm.  AgCI  =  0.107  Gm.  metallic  silver. 
Then  0.165  Gm.  AgCl  =  iff  X  107  =  0.124  Gm.  metallic  silver. 

Hence  0.200  Gm.  of  the  silver  nitrate  contains  0.124  Gm.  metallic 
silver,  or  ^-f^XlOO  per  cent.  =  62  per  cent,  metallic  silver. 

The  above  sketchy  outline  gives  but  a  glimpse  of  the  important 
and  difficult  branch,  gravimetric  analysis,  and  for  details  of  the  work 
the  reader  is  referred  to  the  works  on  the  subject  mentioned  in  Preface. 
Before  dismissing  the  subject  the  statement  should  be  made  that  in 
gravimetric  calculations  exact  molecular  weights  should  be  used; 
that  weights  and  calculations  should  be  carried  to  the  fourth  decimal 
place,  pnd  that  because  of  the  extreme  skill  required  to  obtain  accurate 
results,  the  process  is  not  used  in  pharmacopceial  assays. 

OFFICIAL  GRAVIMETRIC  ASSAYS 

Lithium  Benzoate. — If  0.5  Gm.  of  Lithium  Benzoate  be  thoroughly  mixed  with 
about  1  Gm.  of  powdered  anhydrous  ammonium  sulphate  and  cautiously  ignited  in  a 
porcelain  crucible,  until  of  constant  weight,  the  residue  should  weigh  not  less  than 
0.210  Gm.,  nor  more  than  0.216  Gm. 

Lithium  Citrate. — See  p.  481.  0.5  Gm.  salt  on  ignition  with  sulphuric  acid  yields 
0.387  to  0.394  Gm.  residue. 

Lithium  Salicylate. — Like  assay  for  lithium  benzoate,  except  residue  must  weigh 
between  188  and  192  milligrammes. 

The  residue  in  each  of  these  cases  is  lithium  sulphate,  so  we  see 
that  the  three  salts  yield  respectively  42  per  cent.,  77  per  cent.,  and 
37  per  cent,  lithium  sulphate.  The  reaction  whereby  the  sulphate 
is  formed  in  each  case  is  given  below: 
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Lithium  Benzoate. — 

2LiC,H503     +     (NHJ^SO,     =     2NH,C7H502     +     Li^SO,. 
2X127.11  109.31 

or  245.22 

Lithium  Citrate. — 

2U,C,B.,0,     +  SH^SO,     +     O,,  =     12C0,     4-     SH^O     +     3US0,. 

2X208.56  (from  3X109.31 

or  417.12  air.)  •            or  328.02 


Lithium  Salicylate. — 


2LiC7H503    — ^     LijSO^. 
2X142.99  109.31 

or  285.98 


By  dividing  the  molecular  proportion  of  lithium  sulphate,  shown 
in  above  equations,  by  the  molecular  proportions  of  the  special  salt, 
the  percentages  given  above  will  be  obtained. 

Precipitated  Zinc  Carbonate. — One  Gm.  of  Zinc  Carbonate,  after  strong  ignition 
in  a  porcelain  crucible,  should  leave  a  residue  of  zinc  oxide  weighing  not  less  than 
0.720  Gm. 

The  percentage  of  zinc  oxide  yielded  by  official  zinc  carbonate 
(72  per  cent.)  cannot  be  well  calculated,  since  the  composition  of 
zinc  carbonate,  as  explained  on  p.  522,  is  variable. 

Zinc  Chloride. — Dissolve  0.5  Gm.  of  Zinc  Chloride  in  200  Cc.  of  boiling  distilled 
water,  add  about  5  drops  of  phenolphthalein  T.S.,  and  then  sufficient  sodium  car- 
bonate T.S.,  with  constant  stirring,  to  cause  the  solution  to  assume  a  permanent 
red  color;  transfer  the  resulting  precipitate  to  a  plain  filter,  wash  it  with  boiling 
distilled  water  until  all  soluble  matter  has  been  removed,  then  dissolve  it  in  a  suffi- 
cient quantity  of  nitric  acid,  evaporate  the  sodium  to  dryness,  and  ignite  the  salt 
until  it  ceases  to  lose  weight;  the  residue  should  weigh  not  less  than  0.297  Gm. 

This  assay  means  the  conversion  of  zinc  chloride  into  zinc  oxide,  and 
is  based  on  exact  molecular  proportions,  viz: 

1  molecule  ZnClj  gives  1  molecule  ZnO 
135.26  80.78. 

X     80.78     =     0.298. 


135.26 

Hence  0.500  Gm.  zinc  chloride  gives  0.298  Gm.  zinc  oxide. 

Gold  and  Sodium  Chloride. — See  p.  586. 

On  account  of  the  variability  of  this  salt,  the  30  per  cent,  limit  of 
metallic  gold  does  not  represent  the  exact  theoretic  amount,  which 
would  be  about  32  per  cent. 

Bismuth  Subnitrate. — If  2  Gm.  of  the  salt  be  heated  in  a  porcelain  crucible  until 
nitrous  vapors  cease  to  be  evolved,  the  residue  of  bismuth  oxide,  when  cold,  should 
weigh  not  less  than  1.6  Gm. 

Bismuth  Subcarbonate. — If  1  Gm.  of  Bismuth  Subcarbonate  be  thoroughly 
ignited  at  red  heat  in  a  porcelain  crucible,  the  residue  of  bismuth  oxide  should  weigh 
not  less  than  0.9  Gm. 
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Bismuth  Citrate. — If  1  Gm.  of  Bismuth  Citrate  be  thoroughly  ignited  in  a  porcelain 
crucible,  and,  after  cooling,  5  Cc.  of  nitric  acid  be  added  to  the  residue,  drop  by  drop, 
warming  until  complete  solution  is  effected,  then  evaporating  to  dryness,  and  again 
igniting,  a  residue  of  bismuth  oxide  should  be  left  weighing  not  less  than  0.58  Gm. 
nor  more  than  0.6  Gm. 

Bismuth  and  Ammonium,  Citrate. — Like  assay  of  bismuth  citrate,  except  yield 
of  bismuth  oxide  is  not  less  than  0.48  Gm. 

Bismuth  Subgallate. — Like  assay  of  bismuth  citrate,  except  yield  of  bismuth 
oxide  is  0.52  to  0.57  Gm. 

Bismuth  Subsalicylate. — Like  assay  of  bismuth  citrate,  except  yield  of  bismuth 
oxide  is  0.62  to  0.64  Gm. 

Comparing  the  above  bismuth  assays  we  find: 

Two  Gm.  bismuth  subnitrate  should  yield  1.6  Gm.  bismuth  oxide — 80  per  cent. 

One  Gm.  bismuth  subcarbonate  should  yield  0.9  Gm.  bismuth  oxide — 90  per 
cent. 

One  Gm.  bismuth  citrate  should  yield  about  0.58  Gm.  bismuth  oxide — 58  per 
cent. 

One  Gm.  bismuth  and  ammonium  citrate  should  yield  0.48  Gm.  bismuth  oxide — 
48  per  cent. 

One  Gm.  bismuth  subgallate  should  yield  0.52  Gm.  bismuth  oxide — 52  per  cent. 

One  Gm.  bismuth  subsalicylate  should  yield  0.62  Gm.  bismuth  oxide — 62  per 
cent. 

Since  all  these  bismuth  salts  are  of  variable  composition,  the  cal- 
culations of  these  percentages  by  molecular  proportions  are  not  easy. 

There  are  two  gravimetric  assays  in  which  alkaloids  are  extracted 
from  salts  by  the  *' shaking-out"  process  and  then  weighed. 

Iron  and  Quinine  Citrate. — Assay  for  the  Quinine. — Introduce  1.11  Gm.  of  Iron 
and  Quinine  Citrate  into  a  dish,  and,  with  the  aid  of  a  gentle  heat,  dissolve  it  in  20  Cc. 
of  water.  Transfer  the  solution,  together  with  the  rinsings  of  the  dish,  to  a  sepa- 
rator, allow  the  liquid  to  become  cold,  then  add  5  Cc.  of  ammonia  water  and  10  Cc. 
of  chloroform,  and  shake  the  separator  for  one  minute.  Allow  the  hquids  to  sepa- 
rate, draw  off  the  chloroformic  layer  and  shake  the  residuary  liquid  a  second  and  a 
third  time  with  portions  of  10  Cc.  each  of  chloroform.  Allow  the  combined  chloro- 
formic solutions  to  evaporate  spontaneously  in  a  tared  dish,  and  dry  the  residue  at 
100°  C.  (212°  F.)  to  a  constant  weight.  This  residue  should  weigh  not  less  than 
0.1726  Gm.  (corresponding  to  at  least  11.5  per  cent,  of  dried  quinine),  and  should 
conform  to  the  reactions  and  tests  under  Quinina. 

Iron  and  Strychnine  Citrate. — Assay  for  the  Strychnine. — Dissolve  4.44  Gm.  of 
Iron  and  Strychnine  Citrate,  in  a  separator,  in  15  Cc.  of  water,  add  5  Cc.  of  ammonia 
water  and  10  Cc.  of  chloroform,  and  shake  the  separator  for  one  minute.  Allow  the 
liquids  to  separate,  draw  off  the  chloroformic  layer,  and  shake  the  residuary  liquid 
a  second  and  a  third  time  with  portions  of  10  Cc.  each  of  chloroform.  AUow  the 
combined  chloroformic  liquids  to  evaporate  spontaneously  in  a  tared  dish,  and  dry 
the  residue  at  100°  C.  (212°  F.)  to  a  constant  weight.  This  residue  should  weigh  not 
less  than  0.04  (0.0399)  Gm.,  nor  more  than  0.0444  Gm.  (corresponding  to  not  less 
than  0.9  nor  more  than  1  per  cent,  of  strychnine),  and  should  respond  to  the  reac- 
tions and  tests  given  under  Strychnina. 

GASOMETRIC  ANALYSIS 

This  form  of  analysis  is  performed  by  liberating  certain  gases  from 
appropriate  substances  by  chemical  action,  measuring  amount  of  gas 
obtained  in  a  nitrometer  (Fig.  232)  or  other  measuring  tube  for  gases; 
from  the  volume  of  the  gas  calculate  its  weight,  and  from  its  weight 
calculate  the  amount  of  chemical  from  which  the  gas  was  liberated. 
Only  two  official  chemicals  are  assayed  by  this  process, — spirit  of 
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nitrous  ether  and  amyl  nitrite, — and  as  the  principle  of  assay  was 
explained  in  the  discussion  of  the  preparation  first  mentioned  (p.  662), 
it  is  unnecessary  at  this  place  to  do  more  than  insert  the  pharma- 
copoeial  description  of  the  process. 

GASOMETRIC  ESTIMATION 

In  certain  cases  the  Pharmacopoeia  directs  the  strength  of  a  product  or  chemical 
substance  to  be  determined  by  the  volume  of  gas  (nitrogen  dioxide)  given  off  during 
a  definite  reaction.  This  volume  is  to  be  determined  by  the  nitrometer  in  the  fol- 
lowing manner: 

Arrange  a  nitrometer  consisting  of  a  measuring  tube  (graduated  for  at  least  50  Cc.) 
connected  by  stout  rubber  tubing  with  an  open  equilibrium  tube  (both  tubes,  pref- 
erably, provided  with  a  globular  expansion  near  the  lower  end)  in  such  a  manner, 
by  suitable  clamps  attached  to  a  stand,  that  either  tube  may  be  readily  and  quickly 
clamped  at  a  higher  or  lower  level.  The  stop-cock  of  the  measuring  tube  having 
been  opened,  and  the  open  equilibrium  tube  having  been  raised  to  a  higher  level, 
pour  into  the  latter  a  saturated  aqueous  solution  of  sodium  chloride,  until  the  meas- 
uring tube,  including  the  bore  of  the  stop-cock,  is  completely  filled.  Then  close  the 
latter  and  fix  the  equilibrium  tube  at  a  low  level.  Having  ascertained  that  the 
stop-cock  is  closed  air-tight,  and  having,  if  necessary,  wiped  out  the  graduated  tube 
of  the  nitrometer,  introduce  into  it  the  prescribed  quantity  of  the  liquid  to  be  tested, 
and  allow  this  to  flow  slowly  into  the  measuring  tube,  being  careful  not  to  admit 
any  air.  Follow  it  by  the  prescribed  quantities  of  the  several  reagents  (potassium 
iodide  T.S.  and  normal  sulphuric  acid  V.S.).  When  the  reaction,  which  takes  place 
at  once,  moderates,  remove  the  measuring  tube  from  its  clamp,  and,  being  careful 
to  hold  it  constantly  so  that  the  liquid  contained  in  it  stands  at  a  higher  level  than 
that  in  the  equilibrium  tube,  shake  its  contents,  without  permitting  any  gas  to  pass 
into  the  open  tube.  When  the  reaction  has  completely  ceased,  restore  the  tube  to 
its  fastening,  and  allow  the  apparatus  and  contents  to  acquire  the  ordinary  tem- 
perature of  the  room,  which  is  assumed  to  be  at  or  about  25°  C.  (77°  F.).  Then 
adjust  the  two  tubes  so  that  the  liquid  columns  are  at  exactly  the  same  level,  and 
read  off  the  volume  of  gas  in  the  measuring  tube.  Multiply  this  figure  by  the  weight 
of  the  substance,  whicn  is  the  equivalent  of  1  Cc.  of  nitrogen  dioxide.  The  result 
will  be  the  weight  of  the  pure  substance  (nitrite)  contained  in  the  amount  taken 
for  the  assay. 

For  pharmacopoeial  purposes  the  determination  will  be  sufficiently  exact  if 
the  evolved  gas  be  measured  at  or  near  25°  C.  (77°  F.). 

Since  temperature  and  barometric  pressure  materially  affect  the  volume  of  the 
gas,  the  following  correction  factors  must  be  used  to  obtain  reasonably  exact  results 
when  the  temperature  and  pressure  are  not  nearly  normal.  The  barometer  correction 
is  important  at  any  locality  more  than  250  meters  above  sea-level: 

FACTORS  FOR  TEMPERATURE  CORRECTIONS 

(Normal  Temperature,  25°  C.) 


Temperature. 

Factor. 

Temperature. 

Factor. 

Temperature. 

Factor. 

15°  C. 

1.035 

22°  C. 

1.010 

29°  C. 

0.987 

16°  C. 

1.031 

23°  C. 

1.007 

30°  C. 

0.983 

17°  C. 

1.028 

24°  C. 

1.003 

31°  C. 

0.980 

18°  C. 

1.024 

25°  C. 

1.000 

32°  C. 

0.977 

19°  C. 

1.021 

26°  C. 

0.997 

33°  C. 

0.974 

20°  C. 

1.017 

27°  C. 

0.993 

34°  C. 

0.971 

21°  C. 

1.014 

28°  C. 

0.990 

35°  C. 

0.968 

Example. — Assuming  that  the  volume  of  gas  read  off  was  44.5  Cc.  at  32°  C. 
(89.6°  F.),  and  it  is  desired  to  ascertain  the  corresponding  volume  at  25°  C.  (77° 
F.),  barometric  pressure  not  being  taken  into  consideration,  then  the  44.5  Cc.  must 
be  reduced  in  the  proportion  of  1  to  0.977  (see  temperature  correction  factors  above), 
or  44.5  must  be  multipHed  by  0.977.  The  result  will  be  43.48  (43.4765)  Cc.  as  the 
equivalent  volume  of  gas  at  25°  C.  (77°  F.). 
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FACTORS  FOR  CORRECTION  FOR  BAROMETRIC  PRESSURE 

(Normal  Barometer,  760  Mm.) 


Baromete 

r  Reading. 

Factor. 

Barometer  Reading. 

Factor. 

Mm. 

Inches. 

Mm. 

Inches. 

790 

31.10 

1.039 

660 

25.98 

0.868 

780 

30.71 

1.026 

650 

25.59 

0.855 

770 

30.31 

1.013 

640 

25.20 

0.842 

760 

29.92 

1.000 

630 

24.80 

0.829 

750 

29.53 

0.987 

620 

24.41 

0.816 

740 

29.13 

0.974 

610 

24.02 

0.803 

730 

28.74 

0.961 

600 

23.62 

0.789 

720 

28.35 

0.947 

590 

23.23 

0.776 

710 

27.95 

0.934 

580 

22.83 

0.763 

700 

27.56 

0.921 

570 

22.44 

0.750 

690 

27.17 

0.907 

560 

22.05 

0.737 

680 

26.77 

0.895 

550 

21.65 

0.724 

670 

26.38 

0.882 

Example. — Assuming  that  the  volume  of  gas  read  off  was  43.48  (43.4675)  Cc. 
at  590  Mm.  barometric  pressure,  and  it  is  desired  to  ascertain  the  corresponding 
volume  at  normal  barometric  pressure  (760  Mm.),  temperature  not  being  taken  into 
consideration,  then  the  43.48  Cc.  must  be  reduced  in  the  proportion  of  1  to  0.776 
(see  barometric  correction  factors  above),  or  43.48  must  be  multiplied  by  0.776. 
The  result  will  be  33.74  Cc.  as  the  equivalent  volume  of  gas  at  normal  barometric 
pressure. 

ESTIMATION  OF  NITROGEN  DIOXIDE 

xrrk     on  oi    it  •+^,  /  at    0°  C.  and  760  Mm.  =  1.3396  Gm. 
NO =29.81;  1  l-iter|^^  35°  C.  and  760  Mm.  =  1.2272  Gm. 

One  Cubic  Centimeter  of  Nitrogen  Dioxide  is  the  equivalent  of: 

At  0°  C.  and  At  25°  C.  and 

760  Mm.  760  Mm. 

Gramme.  Gramme. 

Nitrogen  Dioxide,  NO  =  29.81 0.0013396  0.0012272 

Amyl  Nitrite,  C.Hi.NO^  =  116.24 0.0052234  0.0047851 

Ethyl  Nitrite,  C,H.NO,  =  74.51 0.0033482  0.0030673 

Sodium  Nitrite,  NaNOj  =  68.57 0.0030813  0.0028227 


I 


PART  V. 

CHAPTER   LVII 

THE  PRESCRIPTION 

Having  covered  the  entire  field  of  special  pharmaceutic  operations 
and  preparations,  we  can  proceed  to  dispensing  pharmacy  and  to  that 
climax  of  the  pharmaceutic  art,  the  dispensing  of  prescriptions.  Very 
properly,  the  prescription  is  the  last  topic  studied  in  a  course  on 
pharmacy,  for  the  preparation  of  prescriptions  calls  into  play  all  the 
knowledge  that  belongs  to  an  educated  pharmacist.  Not  only  must 
the  prescriptionist  know  pharmaceutic  manipulations  and  be  well 
acquainted  with  all  pharmaceutic  preparations,  but  he  must,  moreover, 
be  thoroughly  familiar  with  all  possibilities  of  chemical  reaction,  with 
the  constituents  of  crude  drugs,  and,  of  course,  must  be  well  up  on 
posology — dosage.  However,  we  will  leave  the  important  topic  of 
prescription  criticism  for  subsequent  pages,  and  this  chapter  will  be 
devoted  to  the  generalities  of  dispensing  and  to  a  discussion  of  the 
general  character  of  the  prescription — its  composition,  translating, 
and  dispensing. 

The  prescription  is  an  order  written  by  the  physician  calling  for 
medicines  to  be  compounded  and  dispensed  by  the  pharmacist. 

Technically,  the  ideal  prescription  is  supposedly  divided  into 
several  parts,  which  can  best  be  explained  after  presentation  of  a 
typical  prescription: 

Ideal  Prescription. 
(Date.)  August  6,  1908. 

(Name  of  Patient.)  For  Mrs.  Jones. 

(Superscription.)     I^. 

fAcidi  salicylici .^iij.     (Basis.) 
Potassii  acetatis |jv.     (Adjuvant). 
(jrlycermi .^j.        (Corrective.) 
Aquae q.  s.  ad.  ^iv.      (Vehicle.) 

(Subscription.)      Misce  fiat  solutio. 

(Signa.)  SiG. — One  teaspoonful  four  times  a  day. 

(Name  of  doctor.)  Da  Brown. 

Taking  up  the  parts  of  the  prescription  in  regular  order,  the 
following  information  may  be  of  service: 

The  date  of  a  prescription  is  rarely  written  by  the  physician,  but 
is  of  value  in  establishing  its  identity. 

The  name  of  the  patient  should  always  be  written  by  the  physician, 
and  especially  the  information  as  to  whether  the  patient  is  an  infant, 
child,  or  adult.  If  the  doctor  omits  this  important  datum,  the 
pharmacist  should  supply  it  by  writing  the  name  and  address  on  the 
prescription  or  on  the  card  to  which  it  is  attached.  There  is  usually 
little  difficulty  in  persuading  the  patient  to  furnish  name  and  address. 
To  this  may  be  added  the  emphatic   statement  that  whenever  the 
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name  does  appear,  it  should  be  written  on  the  label.  Suppose,  in 
handing  the  medicine  to  two  customers,  an  exchange  is  effected,  and 
Mrs.  Smith  gets  the  remedy  intended  for  Mrs.  Jones.  If  the  label  bears 
the  inscription  "For  Mrs.  Jones,"  that  inscription  might  prove  a 
warning  and  secure  the  return  of  the  medicine  to  the  pharmacy.  Of 
course,  such  an  error  on  the  part  of  the  pharmacist  is  scarcely  excus- 
able, but  such  errors  sometimes  occur,  and  lucky  is  the  man  who  is 
saved  from  the  possible  disastrous  results  of  a  slip  of  that  kind  by  the 
simple  precaution  just  given. 

The  superscription  is  the  sign  which  is  an  abbreviation  of  the  Latin 
word  "recipio, "  meaning  ''take  thou."  The  flourish  at  the  end  of 
the  R  is  presumably  the  sign  of  Jupiter,  legend  saying  that  Roman 
physicians  used  the  sign,  thus  making  the  superscription  an  invocation 
"take  thou  in  the  name  of  Jupiter."  This  pleasant  fable  has  never, 
however,  been  well  authenticated.  The  French  use  the  abbreviation 
"P, "  meaning  "prenez,"  "take." 

The  inscription  is  the  body  of  the  prescription — the  enumeration 
of  the  medicines  desired  and  the  quantity  of  each.  As  seen  above, 
the  inscription  of  the  typical  prescription  may  contain  four  groups 
of  medicinal  agents,  although  the  modern  physician,  is  rapidly  aban- 
doning complex  prescriptions,  often  prescribing  a  single  ingredient. 

Explaining  these  four  groups: 

The  basis  is  the  main  ingredient — the  medicine  first  indicated  to 
the  mind.  Thus,  in  the  above  prescription  (evidently  for  a  rheumatic 
patient)  the  remedy  first  suggested  was  salicylic  acid. 

The  adjuvant  is  the  medicine  intended  to  aid  the  basis  in  its  medical 
action.  In  the  above  prescription  the  doctor  evidently  recalled  that 
rheumatism  is  due  to  excess  of  uric  acid,  and  decided  to  attempt  to 
remove  the  uric  acid  by  the  use  of  the  diuretic,  potassium  acetate. 
Hence  this  salt  is  the  adjuvant — the  assistant. 

The  corrective  is  some  substance  added  to  lessen  irritating  effect  or 
improve  flavor  of  the  main  ingredients.  In  the  prescription  given 
above  glycerin  is  the  corrective,  but  frequently  flavored  syrups  or 
non-medicated  elixirs  are  used  as  correctives. 

The  vehicle,  or  diluent,  is  the  material  added  to  dilute  the  prepara- 
tion to  a  reasonable  dose.  Too  much  stress  cannot  be  laid  upon  the 
danger  of  prescribing  small  doses,  such  as  a  few  drops  of  a  liquid. 
In  the  hands  of  the  ignorant  or  careless  fatal  mistakes  are  apt  to  occur. 

Most  dangerous  of  all  is  the  custom  of  some  physicians  in  directing  the  patient 
to  dilute  a  potent  prescription  at  home.  A  fatal  case  of  this  kind  occurring  in  Cleve- 
land was  the  prescribing  of  tincture  of  aconite  (U.  S.  P.  1890)  for  an  infant,  with  the 
following  remarkable  directions:  "Five  drops  in  a  glass  of  water,  and  then  a  tea- 
spoonful  every  hour."  The  mother  followed  the  directions  implicitly,  giving  the 
babe  five  drops  of  the  tincture  in  water,  followed  by  a  teaspoonful  of  the  potent  tinc- 
ture! 

The  subscription  includes  the  directions  as  to  compounding  intended 
for  the  guidance  of  the  pharmacist.  In  the  olden  times  the  sub- 
scription was  frequently  quite  lengthy,  minute  details  of  the  com- 
pounding being  written  in  choice  Latin,  but  at  present  the  subscription 
IS  usually  boiled  down  to  the  succinct  "M"  or  "  M  ft.  pil."  or  "F.  S.  A." 
These  terms  are  left  untranslated,  that  the  student  may  hunt  up  the 
abbreviations  in  the  list  of  Latin  terms  found  on  a  subsequent  page. 
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signa  represents  the  directions  to  the  patient,  which  directions 
are  to  be  written  on  the  label  by  the  pharmacist,  translating  from 
Latin  to  English,  if  the  physician  gives  the  directions  in  the  former 
language.  Like  the  subscription,  the  signa  was  formerly  written  by 
the  physician  in  Latin,  but  the  modern  medical  man,  not  being  as 
much  at  home  with  the  classics  as  were  his  predecessors,  rarely  resorts 
to  Latin,  except  a  few  time-worn  abbreviations  found  in  the  list  of 
Latin  terms. 

The  modern  physician,  alas!  pays  but  little  attention  to  his  prescription,  and 
there  is  no  part  of  the  curriculum  of  medical  colleges  more  neglected  than  the  very 
important  branch  of  prescription  writing.  It  is  sadly  true  that  one  reason  why 
so  many  young  physicians  have  gotten  into  the  pernicious  practice  of  prescribing 
ready-made  nostrums  is  because  of  their  lack  of  knowledge  of  correct  prescription 
writing. 

The  pharmacist  should  do  all  in  his  power  to  dissuade  the  physician 
from  reducing  his  "signa"  to  the  stereotyped  "as  directed,"  since 
the  dosage  should  appear  on  the  label  for  the  guidance  of  the  patient, 
and  on  the  prescription  that  the  pharmacist  may  determine  if  the 
dose  is  safe.  While  on  the  question  of  dosage,  mention  should  be 
made  of  the  need  of  adoption,  in  this  country,  of  the  system  regulating 
large  doses  that  is  in  vogue  in  Germany.  In  that  country  an  authori- 
tative list  of  maximum  doses  is  published,  and  any  physician  desiring 
to  prescribe  a  dose  larger  than  the  maximum  declares  his  intention 
by  underscoring  the  dose,  or  rewriting  the  quantity  in  words. 

As  shown  above,  the  ideal  prescription  is  written  in  the  Latin 
language,  which  is  used  because  it  is  the  universal  language  of  science; 
because  it  lessens  the  use  of  local  synonyms;  and  because  it  is  fre- 
quently advisable  to  keep  the  patient  from  knowing  the  nature  of 
the  medicine  prescribed. 

Concerning  the  value  of  Latin  as  the  universal  language  of  science, 
suppose  an  actual  case  and  imagine  we  have  before  us  three  pre- 
scriptions— one  of  an  American  practitioner,  one  written  by  a  physi- 
cian of  Hanover,  Germany,  and  the  last  the  order  of  a  doctor  practising 
in  Buda-Pest,  Hungary.  Quite  likely  the  pharmacist  knows  nothing 
of  German,  almost  certainly  he  is  not  acquainted  with  the  weird 
Hungarian  tongue,  yet  were  all  three  prescriptions  brought  to  his 
store,  he  could  read  one  as  easily  as  the  other,  for  all  are  written  in 
Latin. 

The  other  great  value  of  the  use  of  Latin  is  that  it  practically  does 
away  with  the  use  of  confusing  synonyms.  A  person  comes  into  a 
drug-store  and  asks  for  "chamomile,"  and  the  pharmacist  has  to 
inquire  "which  chamomile — German  or  Roman."  Even  so  would  it 
be  if  the  doctor  wrote  his  prescription  in  English  and  demanded 
"extract  of  chamomile."  The  question  would  again  be,  "which  chamo- 
mile?" while  if  he  writes  "ext.  anthemidis,"  or  "ext.  matricarise, " 
the  chamomile  he  wants  is  very  plain. 

PRESCRIPTION  LATIN 

In  the  brief  space  of  one  chapter,  much  idea  of  Latin  cannot  be 
given,  but  the  following  explanations  may  throw  at  least  some  light 
on  the  Latin  of  prescriptions. 
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In  most  English  grammars  we  find  that  nouns  are  said  to  have 
three  "cases" — nominative,  possessive,  and  objective.  Latin  nouns 
have  six  such  cases,  but  of  these  only  two  are  used  to  any  extent  in 
pharmacy — the  nominative  and  the  genitive. 

Those  who  have  studied  English  grammar  at  all,  will  remember 
that  the  nominative  case  means  that  form  of  noun  or  pronoun  used 
as  the  subject  of  the  verb;  thus,  "John"  is  nominative  in  the  sentence 
"John  runs";  likewise  "I"  in  the  sentence  "I  walk."  In  JEnglish 
the  form  of  the  noun  is  the  same,  regardless  of  its  case.  Not  so, 
however,  with  pronouns,  for  while  "I"  is  nominative,  "me" 
is  its  objective  form.  Latin  nouns  have  a  different  ending  for 
each  case,  just  as  English  pronouns  differ  according  to  case.  Having 
thus  described  the  nominative,  we  can  turn  to  the  genitive  case,  which 
has  no  exact  counterpart  in  English.  It  comes  nearest  to  our  pos- 
sessive case,  but  it  really  means  what  we  would  put  in  English  as 
"of  the-; — ,"  supplying  the  noun  for  the  dash.  A  grouping  of  the 
terminations  of  the  Latin  noun  in  its  various  cases  is  called  its  declen- 
sion, and  the  Latin  nouns  are  grouped  into  five  declensions,  each 
having  a  different  set  of  endings.  Thus,  in  the  first  declension,  we 
have — 

Nominative,  mensa  (a  table). 

Genitive,        mensae  (of  a  table), 
and  the  plural  of  the  same  noun  is 

Nominative,  mensae       (tables). 

Genitive,        mensarum  (of  tables). 

In  our  limited  space  we  cannot  go  beyond  these  few  facts,  and  we 
will  immediately  proceed  to  practise  the  two  cases  as  found  in  the 
Latin  names  of  the  pharmacopoeia: 

First,  let  us  look  up  a  pharmacopoeial  name  belonging  to  the 
declension  just  given — the  first.  This  we  find  in  two  words,  among 
many  others,   "tinctura"  and  "serpentaria." 

Nominative,  imdnva.  (a  tincture);      serpentaria  (serpentaria). 

Genitive,        tinctursB  (of  a  tincture) ;  serpentariae  (of  serpentaria). 
Let  us  bring  these  together  in  the  official  name,  tincture  of  ser- 
pentaria, which  in  Latin  is  tinctura  serpentarice. 

In  the  second  declension  we  find  two  forms  of  nouns — masculine 
nouns  ending  in  "us",  and  neuter  nouns  ending  in  "um."  They  are 
declined : 

Nominative,  us  um 

Genitive,  i  i 

Let  us  apply  these  terminations,  first  picking  out  some  official 
noun  ending  in  "us";  for  instance,  "syrupus"  and  "rubus": 

Nominative,  syrupus  (syrup);       rubus  (blackberry). 

Genitive,        syrupi     (of  syrup) ;  rubi     (of  blackberry). 
Combining  these  to  read  "syrup  0/ blackberry, "  we  get  "syrupus 
rubt." 

Among  the  official  nouns  ending  in  "um, "  we  find  "unguentum" 
and  "iodum." 

Nominative,  unguentum  (ointment);       iodum  (iodine). 

Genitive,        unguenti       (of  ointment) ;  iodi       (of  iodine). 
Then  the  official  name  of  "ointment  of  iodine"  is  "unguentum 
iodi."     Of  course,  we  can  combine  nouns  of  any  declension,  only 
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being  careful  to  employ  the  correct  termination.  Thus,  we  can  write 
"tinctura  iodi"  (tincture  0/ iodine)  or  "syrupus  serpentari(E "  (syrup 
o/serpentaria). 

The  third  declension  embraces  all  those  nouns  whose  genitive  ends 
in  "is,"  The  nominative  varies  greatly,  causing  the  declension  to  be 
complex,  but  all  the  pharmacopceial  variations  will  be  given  here: 


Nominative. 
Adeps  (lard). 
Macis  (mace). 
Sulphas  (a  sulphate). 
Sulphis  (a  sulphite). 
Mucilago  (a  mucilage). 
Nux  (a  nut). 
Liquor  (a  solution). 
Rhus  (rhus). 
Flos  (a  flower). 
Theobroma  (theobroma). 
Cantharis  (cantharides). 


Genitive. 
Adipis  (of  lard). 
Macis  (of  mace). 
Sulphatis  (of  a  sulphate). 
Sulphitis  (of  a  sulphite). 
Mucilaginis  (of  a  mucilage). 
Nucis  (of  a  nut). 
Liquoris  (of  a  solution). 
Rhois  (of  rhus). 
Floris  (of  a  flower). 
Theobromatis  (of  theobroma). 
Cantharidis  (of  cantharides). 


In  "rhus"  we  have  a  noun  ending  in  "us"  which  does  not  belong 
to  the  second  declension,  and  likewise  the  entire  fourth  declension 
ends  in  "us."  Fortunately,  there  are  but  two  pharmacopceial  names 
involved  in  this  declension;  they  being  "spiritus"  and  "fructus, " 
which  are  declined  as  follows: 

Nominative,  spiritus  (a  spirit).  Genitive,  spiritus  (of  a  spirit). 

"  fructus  (a  fruit).  "        fructus  (of  a  fruit). 

To  sum  up,  all  pharmacopceial  nouns  ending  in  "um"  take  the 
termination  "i"  in  the  genitive;  those  in  "a"  in  the  nominative — 
except  theobroma — take  "se"  in  the  genitive;  and  all  ending  "us" 
in  the  nominative — except  rhus,  fructus,  and  spiritus — take  "i"  in 
the  genitive;  these  rules  applying  only  to  the  singular  number. 

Concerning  the  plural,  we  need  only  consider  that  of  the  first, 
second,  and  third  declensions,  exemplified  in  "herba, "  "folium," 
and  "flos"  respectively. 


Singular. 


Nominative. 
Herba  (an  herb). 
Folium  (a  leaf). 
Flos  (a  flower). 


Genitive. 
Herbse  (of  an  herb). 
Folii  (of  a  leaf). 
Floris  (of  a  flower). 


Nominative. 
Herbse  (herbs). 
Folia  (leaves). 
Flores  (flowers) 


Pleural. 

Genitive. 
Herbarum  (of  herbs). 
Foliorum  (of  leaves). 
Florum  (of  flowers). 


So  far  we  have  considered  the  subject  only  in  the  simple  relationship 
as  seen  in  pharmacopceial  names,  and  to  make  the  matter  still  more 
clear,  we  will  cite  a  few  names  where  the  application  of  the  declensions 
may  be  seen: 


Quininae  sulphas, 

Sodii  sulphis, 

Mucilag'o  Acacite, 

Tinctura  nucis  vomica, 

Liquor  calcis, 

FluidextractMW  rhois  glabra, 

Spiritrts  setheris, 

Tinctura  belladonnce  foliorwm, 

Tinctura  arnicas  florum, 

Tinctura  herbarMm  recentwm, 


Sulphate  0/  quinine. 
Sulphite  of  sodium. 
Mucilage  of  gum  arabica. 
Tincture  of  nux  vomica. 
Solution  of  lime. 
Fluidextract  of  rhus  glabra. 
Spirit  of  ether. 

Tincture  of  belladonna  leaves. 
Tincture  of  arnica  flowers. 
Tinctures  of  fresh  herbs. 
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("Recentium"  is  an  adjective,  genitive  plural,  from  the  nominative 
singular  "recens, "  and  genitive  singular  "recentis.") 

The  pharmacopoeial  name  (or  the  Latin  nominative  singular)  of 
"nux  vomica,"  "rhus  glabra,"  and  "sodium"  are  the  words  just 
given. 

We  are  now  ready  to  consider  the  changes  the  Latin  name  under- 
goes in  writing  the  prescription — a  change  that  is  quite  marked, 
though  very  simple. 

The  sign  I^  means  "take"  and  nothing  else,  and  in  the  prescription 
we  are  not  supposed  to  write — 

"Take,  sulphate  of  quinine,"  but,  "Take,  o/ sulphate  of  quinine," 
which  means  that  in  translating  the  prescription  into  Latin  the  word 
"sulphate"  is  put  into  the  genitive,  the  same  as  is  the  word  "quinine," 
and  when  correctly  written,  the  term  will  stand — 
"I^.     QuinincB  sulphatts" 

Take  of  sulphate  of  quinine  (reversed,  you  see)  and  not — 
"I^.     Quinin<E  sulphas" 
Take  sulphate  of  quinine. 
This  is  the  only  change  in  writing  the  pharmacopoeial  name  in  a 
prescription,  although  sometimes  this  change  is  perplexing;  thus  we 
write: 

I^.     Mucilagfims  acacice  and  not         I^.     Mucilago  acacice 

{of  mucilage  of  acacia)  (mucilage  of  acacia). 

Besides  the  nominative  and  genitive  cases,  the  ablative  case  is  used 
occasionally  in  pharmacopoeial  titles.  Even  as  the  genitive  is  used 
after  the  preposition  "of, "  so  the  ablative  is  used  after  the  prepositions 
"from,"  "with,"  "in,"  and  "by."  The  following  are  the  pharma- 
copoeial instances  of  the  ablative: 

Hydrargyrum  cum  creta — mercufy  with  chalk.  In  this  case 
"creta"  is  the  ablative  singular  of  noun  of  the  first  declension,  creta. 

Emulsum  olei  morrhuce  cum  hypophosphitibus — emulsion  of  cod 
liver  oil  with  hypophosphites.  In  this  case  "hypophosphitibus"  is 
the  ablative  plural  of  the  noun  of  the  third  declension,  hypophosphis. 

Ferri  hydroxidum  cum  magnesii  oxido — hydrated  oxide  of  iron 
with  oxide  of  magnesium.  In  this  case  "oxido"  is  the  ablative  sin- 
gular of  the  noun  of  the  second  declension,  oxidum. 

The  above  outline  refers  only  to  Latin  nouns.     Adjectives  change 
number  and  case  with  the  noun  they  qualify,  but  their  terminations 
do  not  necessarily  conform  with  the  termination  of  the  noun.     Thus, 
a  masculine  noun  of  the  third  declension  may  be  qualified  by  a  mascu- 
line adjective  of  the  second  declension.    It  simply  changes  to  the  same 
gender  and  case.     Therefore  it  might  be  well  to  insert  a  list  of  adjec- 
tives found  in  pharmacopoeial  titles  with  their  declensions: 
First  and  Second  Declensions. 
Singular. 
Masculine.  Feminine.  Neuier. 


Nominative — adhesivus 
Genitive —      adhesivi 

adhesiva 
adhesivae 

Plural. 

adhesivum 
adhesivi 

Masculine. 

Feminine. 

Neuter. 

Nominative — adhesivi 
Genitive —       adhesivorum 

adhesivae 
adhesivarum 

adhesiva 
adhesivorum 
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Adjectives  of  this  class  found  in  pharmacopoeial  titles  are: 


Adhesivus 
Amarus 


Ammoniatus 

Benzoinatus 

Camphoratus 

Cantharidatus 

Citratus 

Compositus 

Corrosivus 

Deodoratus 
Despumatus 
Destillatus 
Dilutus 


Expressus 
Exsiccatus 


FlavTis 

Fusus 

Granulatus 

Lotus 

Mitigatus 

Monohydratus 

Ponderosus 

Prsecipitatus 

Reductus 

Saccharatus 

Stypticus 

Sublimatus 

Sulphuratus 


in  emplastrum  adhesivum 

in  aurantium  amarum 

in  amygdala  amara 

in  vinum  ferri  amarum 

Tinctura  guaiaci  ammoniata 

in  adeps  benzoinatus 

in  tinctura  opii  camphorata 

in  collodium  cantharidum 

in  caffeina  citrata 

Tinctura  cinchonse  composita 

and  a  number  of  others, 
in  hydrargyri  chloridum  cor- 

rosivum. 
in  tinctura  opii  deodorata 
in  mel  despumatum 
in  aqua  destillata 
in  acidum  sulphuricum  dilu- 

tum    and    a    number    of 

others 
in  oleum  amygdalae  expressum 
in  alumen  exsiccatum 
in  ferri  sulphas  exsiccatus 
in  sodii  phosphas  exsiccatus 
in  hydrargyri  oxidum  flavum 
in  argenti  nitras  fusus 
in  ferri  sulphas  granulatus 
in  sulphur  lotum 
in  argenti  nitras  mitigatus 
in  sodii   carbonas  monohy- 
dratus 
in  magnesii  oxidum  pondero- 

sum. 
in  ferri  sulphas  prsecipitatus 

and  others, 
in  ferrum  reductum 
in  ferri  carbonas  saccharatus 
in  collodium  stypticum 
in  sulphur  sublimatum 
in  calx  sulphurata 


(adhesive  plaster), 
(bitter  orange), 
(bitter  almond), 
(bitter  wine  of  iron), 
(ammoniated  tincture  of  guaiac). 
(benzoinated  lard), 
(camphorated  tincture  of  opium), 
(cantnaridal  collodion), 
(citrated  caffeine), 
(compound  tincture  of  cinchona). 

(corrosive  chloride  of  mercury). 

(deodorized  tincture  of  opium), 
(clarified  honey), 
(distilled  water), 
(diluted  sulphuric  acid). 


(expressed  oil  of  almond), 
(exsiccated  alum), 
(exsiccated  sulphate  of  iron), 
(exsiccated  phosphate  of  sodium), 
(yellow  oxide  of  mercury), 
(fused  nitrate  of  silver), 
(granulated  sulphate  of  iron), 
(washed  sulphur), 
(mitigated  nitrate  of  silver), 
(monohydrated  carbonate  of  sodium). 

(heavy  oxide  of  magnesium). 

(precipitated  sulphate  of  iron). 

(reduced  iron). 

(saccharated  carbonate  of  iron). 
(styptic  collodion), 
(sublimed  sulphur), 
(sulphurated  lime). 


The  adjective  ruber  (example  hydrargyri  oxidum  rubrum — red 
oxide  of  mercury)  has  same  endings  in  the  nominative  and  genitive 
cases  as  the  other  adjectives  of  the  first  and  second  declensions,  except 
that  the  masculine  nominative  singular  is  ruber. 


Third  Declension  of  Adjectives. 
Singular. 


Plural. 


Masculine  and  Masculine  and 

Feminine.  Neuter.                     Feminine.  Neuter. 

Nominative — Animal  is  animale                       animales  animalia 

Genitive —       Animalis  animalis                      animalium  animalium. 

Adjectives  of  this  class  found  in  pharmacopoeial  titles  are: 


Animalis  in  carbo  animalis 

Dulcis  in  amygdala  dulcis 

Flexilis  in  collodium  flexile 

Glacialis  in  acidum  aceticum  glaciale 

Levis  in  magnesii  oxidum  levis 

Mitis  in  hydrargyri  chloridum  mite 

Mollis  in  sapo  mollis 

Solubilis  in  ferri  phosphas  solubilis  and 
several  others. 


(animal  charcoal), 
(sweet  almond), 
(flexible  collodion), 
(glacial  acetic  acid), 
(light  oxide  of  magnesium), 
(mild  chloride  of  mercury). 
(soft  soap), 
(soluble  phosphate  of  iron). 
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Some  adjectives  of  the  third  declension  have  a  slightly  different 
form,  viz.: 


Singular. 
Masculine  and 

Feminine.  Nexiier. 

Nominative — adjuvans  ad  ju  vans 

Genitive —      adjuvantis  adjuvantis 


Plural. 
Masculine  and 

Feminine.  Neuter. 

adjuvantis  adjuvantia 

adjuvantium      adjuvantium. 


Three  of  these  are  used  in  pharmacopoeial  titles: 

Adjuvans       in  elixir  adjuvans  (adjuvant  elixir). 

Effervescens  in  pulvis  effervescens  compositus  (compound  effervescent  powder). 

Recens  in  tincturae  herbarum  recentium   (tinctures  of  fresh  herbs). 

Three  pharmacopoeial  titles  have  the  adjective  in  the  comparative 
degree: 

Aqua  ammonise  fortior  (stronger  ammonia  water). 

Aqua  aurantii  fiorum  fortior  (stronger  orange  flower  water). 
Aqua  rosse  fortior  (stronger  rose  water). 

Verbs  are  not  used  much  in  modern  prescription  writing  beyond 
the  stereotyped  abbreviated  phrases  found  in  the  list  below. 
Moreover,  a  discussion  of  Latin  verbs  and  their  conjugation  would 
mean  a  complete  review  of  Latin  grammar,  which  is  clearly  beyond 
the  scope  of  this  work.  For  further  details,  therefore,  the  reader  is 
referred  to  list  of  books  on  pharmaceutic  Latin  found  in  Preface. 


TABLE  OF  LATIN  AND  FOREIGN  TERMS  USED  IN  PRESCRIPTIONS 


[(L.)  Latin,  (G.)  German,  (F.)  French.] 


Term. 

Abbreviation 

Abendessen  (G.), 

Ad  (L.), 

Adde  (L.), 

Add. 

Ad  libitum  (L.), 

Ad  lib. 

Altemis  horis  (L.), 

Ana  (L.), 

aa. 

Ante  (L.), 

Aqua  bulliens  (L.), 

Aq.  bull. 

Aqua  fervens  (L.), 

Aq.  ferv. 

Aqua  fontis  (L.), 

Aq.  font. 

Aqua  pluvialis  (L.), 

Aq.  pluv. 

Alle  drei  stunden  (G.), 

Bene  (L.), 

Bis  in  die  (L.), 

B.  i.  d. 

Bissen  (G.), 

Bol  (F.), 

Capia  (L.), 

Cap. 

Capsulse  amylaceae  (L.), 

Charta  cerata  (L.), 

Chart,  cer. 

Chartula  (L.), 

Cht. 

Cochleare  amplum  (L.), 

Coch.  ampl.  1 
Coch.  mag.  j' 

Cochleare  magnum  (L.), 
Cochleare  medium  (L.), 

Coch.  med. 

Cochleare  parvum  (L.), 

Coch.  parv. 

Coletur  (L.), 

Colly rium  (L.), 

Collyr. 

Coquetur  (L.), 

Coq. 

Meaning. 


Supper. 

To,  up  to. 

Let  it  be  added. 

At  pleasure. 

Every  other  hour. 

Of  each. 

Before. 

Boiling  water. 

Warm  water. 

Spring  water. 

Rain  water. 

Every  three  hours. 

Well,  good. 

Twice  a  day. 

Bolus. 

Bolus. 

Let  the  patient  take. 

Starch  capsules  (cachets). 

Waxed  paper. 

Papers. 

Tablespoonful. 

Dessertspoonful. 

Teaspoonful. 

Let  it  be  strained. 

Eye-wash. 

Let  it  be  boiled. 
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Term. 

Abbreviation 

Meaning. 

Coucher  (F.), 

Bedtime. 

Cuiller^e  a  cafe  (F.), 

Teaspoonful. 

Cuillerfte  a  soupe  (F.), 

Tablespoonful. 

Detur  (L.), 
Dentur  (L.), 

Det.    \ 
Dent,  j 

Let  it  be  given. 

Dentur  talis  dosis  (L.), 

Dent.  tal.  dos. 

Give  of  such  doses. 

Deux  (F.), 

Two. 

Dies  (L.) 

D. 

Day. 

Dividatur  (L.), 

Divid. 

Let  it  be  divided. 

Dosis  (L.), 

A  dose. 

Drachma  (L.), 

A  drachm. 

Drei  mal  taglich  (G.), 

Three  times  a  day. 

Ejusdem  (L.), 

Of  the  same. 

Enemata  (L.), 

Enem. 

Enema. 

EssloffelvoU  (G.), 

Tablespoonful. 

Et  (L.) 

And. 

Ex  mode  prescripto  (L.), 

E.  m.  p. 

f  As  prescribed. 
\  As  directed. 

Fiat  (L.), 

Ft. 

Let  it  be  made. 

Fois  (F.), 

Time. 

Gouttes  (F.), 

Drops. 

Granum  (L.), 

Gr. 

Gram. 

Guttse  (L.), 

Gtt. 

Drops. 
An  hour. 

Hora  (L.), 

Hori  somni  (L.), 

Hor.  som. 

At  bedtime. 

Jeder  or  jeden  (G.), 

Every. 

Latwerge  (G.), 

Electuary. 

Mica  panis  (L.), 

Mic.  pan. 

Crumb  of  bread. 

Misce  (L.), 

M. 

Mix. 

Mittagessen  (G.), 

Dinner  (at  noon). 

Mitte  talis  dosis  (L.), 

Send  of  such  doses. 

Non  repetatur  (L.), 

Non.  rep. 

Do  not  repeat. 

Numero  (L.), 

No. 

In  number. 

Oblate  (G.), 

Wafer  paper. 
Every  hour. 

Omni  horse  (L.), 

Omn.  hor. 

Omni  mane  (L.), 

Omn.  man. 

Every  morning. 

Omni  nocte  (L.), 

Omn.  noct. 

Every  night. 

Optimus  (L.), 

Opt. 

The  best. 

Pain  azyme  (F.), 

Wafer  paper. 

A  powder  (package). 

Paquet  (F.), 

Partes  sequalis  (L.), 

P.  ffi. 

Equal  parts. 

Pastillen  (G.), 

Lozenges. 

Pillen  (G.)  1 
Pilule          / 

Pills. 

Pondus  civile  (L.), 

Avoirdupois  weight. 

Pondus  medicinale  (L.), 

Apothecary  weight. 

Post  cibo  (L.), 

Post.  cib. 

After  eating. 

Poudre  (F.), 

Powder. 

Pro  re  nata  (L.), 

P.  r.  n. 

As  occasion  requires  (when 
needed). 

Pulver  (G.), 

Powder. 

Pulvis  (L.), 

Pulv. 

A  powder. 

Pulvis  subtillissimus  (L.), 

Pulv.  subtil. 

Very  smooth  powder. 

Quantum  sufficit  (L.), 

Q.  s. 

Sufficient  quantity. 

Quotidie  (L.), 

Daily. 

Repetatur  (L.), 

Rept. 

Let  it  be  repeated. 

Rotula  (L.), 

Globules. 

Schlafengehen  (G.), 

Bedtime. 

Scrupulus  (L.), 

la. 

A  scruple. 

Secundum  artem  (L.), 

According  to  art. 

Sesqui  (L.), 

Once  and  a  half. 

Signetur  (L.), 

Sig. 

Let  it  be  marked. 

Solvetur  (L.). 

Solve. 

Let  it  be  dissolved. 

Spiritus  Vini  Rectificata  (L.), 

S.  V.  R. 

Alcohol. 
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Term.  Abbreviation.                           Meaning. 

Spiritus  Vini  Tenuis  (L.),  S.  V.  T.                              Diluted  Alcohol. 

Tabella  (L.),  Tab.                                   A  lozenge. 

Talis  (L.)  Of  such; 

Ter  (L.),  Thrice. 

Ter  in  die  (L.),  T.  i.  d.                               Thrice  daily. 

Tere  bene  (L.),  Rub  well. 

TheeloCfelvoll  (G.),  Teaspoonful. 

Toutes  les  heures  (F.),  All  the  hours  (every  hour). 

Trois  fois  par  jour  (F.),  Three  times  a  day. 

Tropfen  (G.),  Drops. 

Uncia  (L.),  5                                         An  ounce. 

Ut  dictum  (L.),  TJt.  diet.                             As  directed. 

Zwei  (G.),  Two. 

For  a  more  complete  list  of  Latin  terms,  see  Scoville's  "Art  of  Com- 
pounding." 

While  on  the  subject  of  abbreviations,  mention  should  be  made  of 
the  danger  likely  to  arise  from  the  careless  writing  of  abbreviated 
names  of  drugs.  Among  classic  instances  of  such  abbreviations  are 
"hyd.  chlor, "  which  might  mean  chloral  hydrate,  mercuric  chloride, 
or  mercurous  chloride;  "liq.  mag,"  which  might  mean  solution  of 
some  magnesium  salt,  or  else  Magendie's  solution  (p.  910),  while 
"sulph."  may  mean  sulphate,  sulphite,  or  sulphide;  "nit."  may  mean 
nitrate  or  nitrite,  and  similarly  an  abbreviation  of  name  of  any 
negative  element  in  salts  and  acids  can  be  misconstrued  when  there 
is  more  than  one  acid  derived  from  the  element.  In  most  cases  of 
such  abbreviation  the  experienced  pharmacist  can  discern  the  remedy 
desired  either  by  the  dose  prescribed  or  by  the  relative  popularity  of 
the  several  possibilities.  Thus,  a  prescription  calling  for  "zinc 
sulph."  almost  invariably  means  zinc  sulphate,  as  the  sulphite  and 
sulphide  of  that  metal  are  rarely  used  in  medicine. 

The  quantities  used  in  prescription  writing  are  those  of  the  apothe- 
cary, as  shown  in  the  typical  prescription  on  p.  1056.  The  metric  system 
is  used  exclusively  by  the  physicians  of  continental  Europe,  and  to  a 
slight  extent  by  American  physicians.  The  quantities  are  preferably 
expressed  as  shown  in  the  prescription  given  below: 

I^.     Quininse  sulphatis 2.00 

Ferri  reducti 1.00 

Acidi  arsenosi 0.05 

Misce  fiat  pilulse  numero  xx. 

In  this  country  prescription  blanks  are  sometimes  printed  with  a 
vertical  line  intended  to  separate  the  grammes  from  the  fractional 
parts  thereof,  thus  replacing  the  decimal  points  in  the  above  pre- 
scription, just  as  in  a  ledger  a  line  is  used  to  separate  dollars  from 
cents. 

Rarely  does  the  continental  physician  write  the  word  "gramme"; 
quantities,  as  written  above,  being  clearly  understood  as  meaning  the 
metric  system. 

As  abbreviations  of  drug  names  may  sometimes  lead  to  dangerous 
results  through  misinterpretation,  so  occasionally  the  abbreviations 
for  quantities  prove  a  source  of  error. 

It  is  easy  to  write  the  symbol  of  ounce  ( 5 )  when  drachm  (3)  is  intended,  a,nd 
there  is  still  another  danger  lurking  in  the  minim  (TTt)  sign — a  misunderstanding 
that  resulted  in  the  death  of  two  persons  in  New  Orleans  some  fifteen  years  since. 
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The  minim  sign  seems  distinct  enough,  but  a  prominent  physician,  now  dead, 
gradually  modified  his  minim  sign  from  the  correct  form  to  one  similar  to  the  symbol 
For  the  drachm. 


7  ?  t 

Fig.  232. — Faulty  minim  sign. 

One  day  the  physician  wrote  the  prescription  shown  above,  and  the  unfortunate 
druggist,  in  one  of  those  frightful  lapses  that  might  come  to  any  of  us,  read  and  dis- 
pensed six  drachms  of  tincture  of  aconite  instead  of  the  six  minims  desired.     Of  course 

Fig.  233. — Dangerous  prescription. 

he  was  to  blame,  but  when  we  hear  of  such  things  we  should  feel  thankful  that  we 
were  spared  the  fearful  blunder.  Naturally,  the  patient  died,  and  the  druggist, 
completely  ruined,  after  a  year  of  hopeless  attempts  of  retrieving  his  fortune,  gave 
up  the  conflict  and  committed  suicide. 

The  metric  quantities  as  written  above  are  less  likely  to  mislead, 
although  a  fly-speck  might  be  mistaken  for  a  decimal  point.     Another 

Fig.  234. — Typical  prescription. 

possibility  of  danger  with  physicians  unfamiliar  with  the  system  is 
writing  ten  times  the  quantity  intended.  For  instance,  writing  0.05 
(five  centigrammes)  when  0.005  (five  milligrammes)  was  intended. 
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Before  leaving  the  subject  of  the  prescription  as  a  document  a 
few  typical  prescriptions  may  be  of  service. 

This  is  a  clearly  written  prescription  of  a  southern  practitioner. 
As  already  explained,  on  p.  265,  mistura  fusca  is  a  local  synonym  for 
brown  mixture. 

B 


704j^  ^  ^:^W<>>^'  ^^^ 


Fig.  235. — Typical  prescription. 

This  is  an  equally  clear  prescription,  written  by  a  northern  prac- 
titioner.    What  is  "01.  Bet.  Alb."? 


Fig.  236. — French  prescription. 

This,  written  by  a  Creole  practitioner  for  a  Creole  patient,  calls  for 
Fowler's  solution,  a  proprietary,  "syrupus  roborans, "  and  the  Solution 
of  Pepsin,  U.  S.  P.  1880.  The  French  directions  are  translated  into 
English  below: 

2  cuiller^es  a  caf6  dans  un  \  verre  d'eau  apres  chaque  repas. 
2  teaspoonfuls  in  half  glass  of  water  after  each  meal. 
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Fig.  237. — French  prescription. 


r 


4 


Fig.  238. — Typical  prescription. 
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Figure  237  is  written  by  a  Creole  physician  for  an  American 
patient.  The  French  ingredients  are:  Unguent  de  la  mere  (Unguentum 
Fuscum  N.  F.)  and  huile  d'amande  douce  (oil  of  sweet  almond). 

Sanitatsrath  Dr.  Jukes 

Hannover  Langelaube  82. 


/ 


d'yaJin^^^M^^  ^^^f  ^ 


Fig.  239. — German  prescription. 

Figure  238  is  a  clearly  written  prescription  with  French  directions. 
Liquor  Cinchonse  Cordifoliae  (B)  is  a  special  liquid  extract  of  cinchona 
prepared  by  Battley  and  Co.,  of  England.  The  English  translation 
of  directions  is  given  below:  Une  petite  cuiller€>;e  toutes  les  3  heures. 
A  teaspoonful  every  3  hours. 

Figure  239  is  written  by  a  physician  of  Germany,  calling  for  six 
powders  (dent.  tal.  dos.),  each  containing  2  centigrammes  of  codeine 
and  a  half  gramme  of  sugar.     The  directions  read: 
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Abends  ein  Pulver, 
Evenings  a  powder. 

It  being  characteristic  of  the  German  prescription  that  the  time  of 
administration  is  written  before  the  dose. 


Budapest,  IV^  k.^  Kalap-tiicza  8.  /.  em.  7.) 


■'-^O^c^. 


/r 


/-^^^ 


9y 


'^^^   ^.^.c^ 


ay 


Fig.  240. — Hungarian  prescription. 
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An  interesting  illustration  of  the  convenience  of  the  use  of  Latin 
in  prescriptions  is  shown  when  the  first  and  second  prescriptions  on 
Fig.  239  are  compared.  The  first,  written  in  Latin,  could  be  com- 
pounded by  any  educated  pharmacist  in  any  part  of  the  world.  On 
the  other  hand,  the  second,  written  in  German,  is  apt  to  prove  a  puzzler. 
It  reads:  3  per  cent.  Borwasser,  250  Cc. 
That  is,  a  3  per  cent,  aqueous  solution  of  boric  acid  is  desired. 

The  prescriptions  on  Fig.  240  were  written  by  a  German  physician 
residing  in  Buda-Pest,  Hungary,  and  both  can  be  deciphered  by  a 
practiced  prescriptionist.  For  this  reason  they  will  not  be  translated 
by  the  writer.  Mention,  however,  might  be  made  of  the  figures  on 
the  right-hand  side  of  the  paper.  In  Germany,  Austria,  and  Hungary, 
the  price  of  every  drug  used  in  prescriptions,  as  well  as  the  cost  of 
containers  and  value  of  time  spent  in  compounding,  is  carefully 
regulated  by  the  government,  and  the  figures  above  mentioned  repre- 
sent the  summing  up  of  values  from  the  ofl&cial  schedule. 


CHAPTER   LVIII 

COMPOUNDING  OF  PRESCRIPTIONS 

The  prescription  as  a  document  is  interesting,  but  of  far  greater 
importance  is  it  that  the  pharmacist  knows  how  to  handle  the  pre- 
scription when  it  becomes  his  duty  to  compound  it. 

The  work  of  the  compounder  of  the  prescription  is  manifold.  He 
must  know  how  to  receive  the  prescription  from  and  dispense  the 
finished  preparation  to  the  customer;  he  must  know  how  to  label  the 
container  correctly;  he  must  know  how  to  fill  the  prescription;  he 
must  know  how  to  scan  it  carefully  for  errors;  and,  lastly,  he  must 
know  how  to  prepare  or  put  up  the  medicine  called  for.  To  perform 
each  step  properly  he  must  be  intelligent,  alert,  tactful,  skilful,  careful, 
conscientious,  and  well  informed. 

Receiving  the  Prescription. — As  mentioned  above,  if  the  pre- 
scription does  not  bear  the  name  of  the  patient,  the  compounder 
should  supply  the  deficiency,  explaining  it  is  a  part  of  the  system 
whereby  mistakes  are  prevented.  Cases  are  on  record  where^  fatal 
results  have  resulted  from  giving  a  properly  prepared  prescription  to 
the  person  for  whom  it  was  not  intended.  _  This  is  most  liable  to 
occur  if  two  persons  are  waiting  for  prescriptions  written  by  the  same 
doctor — say  one  for  internal  use;  the  other  for  a  liniment.  Hence 
the  fact  that  the  pharmacist  hands  the  customer  "Dr.  Blank's  pre- 
scription" is  not  a  sufficient  safeguard,  since  there  may  be  two  of 
Dr.  Blank's  prescriptions  being  compounded  at  the  same  time. 
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GLOBE  DRUG  CO. 


PRESCRIPTION  CHECK 

261002 


Price- 


In  large  stores  the  giving  of  checks  to  the  person  leaving  the 
prescription  is  a  safeguard  against  such  mistakes.     A  form  for  such 

checks  is  shown  below,  the  one  section 
being  given  to  the  customer,  one  attached 
to  the  prescription,  and  the  third  attached 
to  the  package  (Fig,  241).  A  simpler 
method  is  giving  the  customer  a  numbered 
brass  check  and  writing  same  number  on 
prescription  and  package.  Safest  of  all, 
however,  is  the  securing  of  name  and  ad- 
dress of  patient. 

Dispensing  the  finished  preparation  to 
the  customer  is  brought  up  chiefly  to  in- 
troduce the  subject  of  the  relation  of  the 
compounder  and  dispenser;  to  emphasize 
the  need  of  that  rare  gift,  tact.  This  gift 
cannot  be  acquired  by  reading  books,  and 
the  writer  feels  he  can  do  no  more  than 
suggest  the  importance  of  tact  on  the  part 
of  the  dispenser  by  citing  a  few  typical 

PRESCRIPTION  CHECK  cases. 

Prices 


Dk- 


JunC- 
ByNa- 


261002 


15 

22: 

l5! 


^1 


^ByNa. 


261002 


A  woman  comes  into  a  store  asking  for  five 
grains  of  calomel  and  five  grains  of  salt.  The 
pharmacist,  realizing  that  a  prescription  had  been 
written  and  not  presented,  lest  more  should  be 
charged  for  the  goods  if  furnished  on  a  prescription 
than  when  sold  on  verbal  order,  emphasizes  the  pos- 
sible formation  of  mercuric  chloride  in  such  a  mix- 
ture, tactfully  interrogates  until  the  woman  admits 
that  a  prescription  was  written,  and  convinces  her 
that  this  prescription  must  have  called  for  calomel 
and  soda,  and  persuades  her  to  bring  the  prescrip- 
tion. 

A  man  comes  in  with  a  printed  prescription 
calling  for  pills  containing  several  well-known  tonics, 
and  also  "jerubebin,  1  grain."  Instead  of  telling 
the  man  that  the  prescription  is  a  fraud  (a  state- 
ment for  which  the  mind  of  the  dupe  is  prepared 
by  the  skilfully  worded  circular  sent  by  the  philan- 
thropist who  furnishes  prescriptions  "free"),  the 
pharmacist  quietly  brings  out  Druggists'  Circular 
(1884,  p.  138),  in  which  the  fraud  is  exposed.  The 
testimony  afforded  by  this  disinterested  source  con- 
vinces even  the  credulous  chap  who  is  saved  the 
dollar  he  was  to  send  the  donor  of  the  prescription 
"in  case  the  medicine  cannot  be  obtained  else- 
where." 

A  man  who  once  had  a  prescription  wrongly 
compounded  insisted  on  sitting  behind  the  pre- 
scription counter  watching  the  compounder,  so  as  to 
keep  tab.  To  make  things  still  safer,  he  usually 
plied  the  compounder  with  questions.  The  new 
clerk  was  a  young  man  just  from  college;  the  man, 
more  suspicious  than  ever,  was  more  persistent  in 
questioning.  ' '  What's  this  medicine?  "  he  inquired, 
pointing  to  the  then  little-known  abbreviation 
"antipy."  "Oh,"  said  the  youth,  nonchalantly, 
"that's  Latin  for  the  new  medicine,  phenyl-dimethyl-pyrazolon."  From  that  day 
forth  the  man  considered  the  youth  the  smartest  and  most  reliable  druggist  in  town. 


Fig.  241. — Prescription   check. 
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A  nervous  woman  wants  to  know  what  a  certain  prescription  she  holds  in  her 
hand  is  good  for,  and  what  are  its  constituents.  The  tactful  pharmacist  responds 
that  these  are  questions  which  the  physician  who  wrote  the  prescription  is  alone 
permitted  to  answer,  and  expresses  his  willingness  to  place  the  lady  in  telephonic 
connection  with  the  doctor.     His  kindly  offer  is  declined. 

The  only  other  phase  of  dispensing  to  be  considered  is  the  question 
of  containers  and  wrapping  of  the  same.  This  subject  is  given 
consideration  on  pp.  298-300,  so  here  it  is  only  necessary  to  say 
that  the  pharmacist  who  values  his  prescription  business,  picks  out 
the  best  glassware,  finest  corks,  and  most  refined  boxes  and  printing. 

Labeling  the  containers  is  worthy  of  a  special  paragraph,  as  often 
the  effect  of  the  choicest  labels  is  marred  by  blurred  or  scratchy, 
uncouth,  or  overflourished  writing.  A  severely  plain,  heavily  shaded 
back  hand,  written  with  the  blackest  ink  and  allowed  to  dry  without 
blotting,  makes  the  most  attractive  form  of  label,  but  of  late  type- 
written labels  have  become  quite  popular.  A  strikingly  written 
prescription  label  is  given  below 
(Fig.  242).  It  will  be  noted  that 
the  body  of  this  label  contains  neither 
lines  nor  printing;  that  the  filled-in 
part  of  label  is  a  symmetric  whole; 
that  the  printing  is  severely  plain  and 
as  concise  as  possible.  All  the  data 
on  the  label  are  essential;  the  number, 
the  name  of  the  physician,  the  direc- 
tions, and  the  date  should  appear  on 
each  label.  In  some  States  the  law 
directs  that  the  name  of  the  compounder  should  be  put  on  the  container, 

in  which  event  a  small  gummed  slip,  "  Dispensed  by , "  attached  to 

the  bottom  of  the  package  or  bottle  usually  suffices.  It  is  an  excellent 
practice  to  have  labels  intended  for  external  use  printed  on  glazed 
red  paper,  this  affording  a  striking  contrast  to  the  white  paper  label 
for  internal  preparations.  Then,  of  course,  the  pharmacist  should 
be  provided  with  slips  bearing  such  frequently  used  directions  "shake 
well";  "for  external  use,"  etc. 

Filing  Prescriptions. — As  the  prescription  is  more  or  less  of  a  legal 
document,  it  is  important  that  the  pharmacist  carefully  preserves 
either  the  original  or  a  duplicate.  In  this  country  the  original  is  kept 
by  the  pharmacist,  although  the  question  as  to  who  owns  the  pre- 
scription— the  patient  or  the  pharmacist — has  been  and  still  is  a 
matter  of  legal  controversy.  It  would  be  interesting  if  the  several 
conflicting  court  opinions  on  this  matter  could  be  settled  for  once  and 
all  by  a  decision  from  the  United  States  Supreme  Court.  In  Germany 
it  is  the  universal  custom  to  return  the  prescription  to  the  patient, 
the  pharmacist  keeping  a  carefully  checked  copy. 

The  first  step  toward  preserving  the  prescription  for  future  refer- 
ence is  giving  it  a  number.  These  numbers  run  consecutively  and  are 
written  on  the  prescription  with  date  and  price.  One  pharmacist 
known  to  the  writer  started  new  numbering  each  year,  marking  the 
first  prescription  compounded  on  January  1st  as  No.  1,  stringing  all 
the  prescriptions  of  one  year  on  a  long  piece  of  ^-inch  brass  wire,  the 
files  of  each  year  being  hung  on  a  row  of  nails  driven  in  the  walls,  each 
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Fig.  242.— Typical  label. 
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nail  labeled  for  the  year.  This  plan  is  not  to  be  commended,  for 
whenever  it  chanced  that  the  date  on  the  label  was  faded,  it  neces- 
sitated looking  up  the  same  number  on  possibly  a  dozen  files. 

Many    large    establishments    now    use    consecutive    numbering 
machines,  such  as  the  one  shown  in  the  appended  cut  (Fig.  243). 
Such  machines  consist  of  a  stamping  apparatus,  which  automatically 
changes  the  type  of  the  numbers  one  unit  higher  each  time  an  impres- 
sion is  made,  thus  precluding  the  possibility 
of  giving  two  prescriptions  the  same  number. 
In   the    more    expensive    varieties    the    same 
number  can  be  repeated  in  duplicate  (or  even 
triplicate),  thus  enabling  the  compounder  to 
number  the  prescription  and  label  before  the 
machine    progresses    one   unit   higher.     How-, 
ever,  the  suggestion  that  the  entire  label  be 
written  renders  a  duplicate  numbering  machine 
unnecessary. 

Several  ways  of  preserving  prescriptions  are 
in  vogue  in  this  country. 

Filing  on  String  or  Wire. — This  method, 
outlined  just  above,  is  the  least  satisfactory 
of  all  others.  The  hole  in  the  prescription, 
when  pierced  by  the  wire  (or  by  the  needle,  if 
string  is  used),  may  cut  out  a  part  of  the 
wording  most  needed.  The  weight  of  the  pile 
of  prescriptions  bearing  down  and  rubbing 
against  a  lead-penciled  prescription  is  apt  to 
blur  it  beyond  recognition,  while  the  long  file 
hung  on  the  wall  catches  dust  and  soon  be- 
comes filthy. 

Pasting  in  a  Scrap-book. — This  method  is  quite  satisfactory, 
although  the  handling  and  storing  of  big  scrap-books  are  sometimes 
inconvenient. 

Writing  a  Copy  in  a  Blank  Book  and  Filing  or  Returning  Originals. — 
This  method,  used  by  all  pharmacists  of  Germany  and  by  a  few 
prescriptionists  of  America,  entails  a  large  amount  of  work  and  is  apt 
to  lead  to  errors  unless  the  copy  is  carefully  checked  against  the 
original  by  a  second  person,  as  in  proof-reading. 

Wrapping  the  Prescriptions  in  Packages  of  100  and  Packing  Ten 
Consecutive  Hundreds  in  a  Wooden  Box. — This  method  was  used  by 
Dr.  A.  E.  Ebert,  and  there  are  one  or  more  patented  files  embodying 
the  same  idea  on  the  market.  The  prescriptions  are  thus  kept  per- 
fectly clean,  but  on  opening  a  package  to  get  the  desired  prescription, 
there  is  danger  of  the  others  being  mislaid  or  blown  away. 

Pasting  to  a  Card  which  is  Filed  in  a  Cabinet. — This  method,  a 
result  of  the  modern  filing  card-cabinet  craze,  is  by  all  means  the 
most  satisfactory  method  of  filing  the  prescription.  The  best  form 
of  card  is  that  shown  below  (Fig.  244),  with  marginal  space  on  which 
all  data  can  be  written,  thus  leaving  the  prescription  absolutely 
intact. 

In  event  of  success  of  the  present  movement  looking  toward  the 
abolition  of  the  repetition  of  prescriptions  by  the  pharmacist  unless 
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so  directed  by  the  physician,  the  question  of  filing  prescriptions  will 
become  less  important,  since  in  such  case  the  prescription  will  be 
referred  to  less  frequently. 

Scanning  for  Errors. — This  heading  opens  the  important  topic  of 
the  tact  required  by  the  pharmacist  in  dealing  with  the  physician. 

The  pharmacist  must  always  carefully  study  the  prescription  to 
note  possible  errors  as  to  dosage  and  dangers  as  to  incompatibility. 

If  such  errors  are  found,  the  customer  should  be  dismissed  with 
some  excuse  and  with  the  promise  to  "send  it  around,"  and  the 
physician  approached  as  to  his  real  intention.  This  duty  is  the  most 
delicate  that  falls  to  the  pharmacist.  If  he  telephones  the  doctor 
with  the  blunt  message  "Have'nt  you  made  a  mistake?"  he  is  apt  to 
gain  a  life  enemy.  If,  on  the  other  hand,  he  calls  on  the  physician, 
remarking  something  about  being  uncertain  as  to  the  physician's 
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Fig.  244. — Prescription  filing  card  (reduced). 

intention,  casually  mentioning  that  his  construction  of  the  prescrip- 
tion means  a  pretty  stiff  dose,  asking  if  drachms  were  meant  instead 
of  his  reading  of  ounces,  the  physician  is  usually  glad  to  take  this  loop- 
hole of  escape  and  will  accept  the  question  made  by  the  druggist, 
inwardly  deciding  that  the  druggist  possesses  tact  as  well  as  know- 
ledge. If  diplomacy  fails,  as  it  sometimes  does  with  a  fool  who 
masquerades  as  a  professional  man,  rough-shod  tactics  should  be 
employed,  and  the  druggist  should  then — and  only  then — tell  the 
doctor  that  the  dose  is  excessive,  backing  his  statement  by  printed 
authorities,  such  as  the  dispensatories,  and  declining  to  fill  the  pre- 
scription unless  the  doctor  repeats  the  quantity,  written  in  words. 

In  all  cases  where  the  doctor  is  in  error  he  is  quite  anxious  that 
the  patient  does  not  learn  of  the  blunder,  and  in  the  controversy  in 
question  the  pharmacist  should  let  the  doctor  know  that  the  pre- 
scription will  be  returned  to  the  patient  with  the  reason  why  it  was  not 
dispensed.  Of  course,  in  this  case  the  adage  "be  sure  you're  right, 
then  go  ahead"  must  be  religiously  observed  by  the  druggist. 
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Necessarily,  the  druggist  must  do  everything  in  his  power  to 
maintain  the  most  cordial  relations  with  the  physician,  but  this  does 
not  mean  that  he  must  supinely  submit  to  injustice.  A  few  examples 
of  this  phase  of  the  prescriptionist's  experience  may  be  of  service. 

The  "blind  prescription,"  the  prescription  that  can  be  put  up 
only  by  a  few  favored  druggists,  is  a  nuisance  that  can  and  should  be 
immediately  stamped  out  by  reporting  the  offenders — the  doctor,  to 
the  local  medical  association;  the  pharmacist,  to  the  local  druggists' 
association. 

Two  examples  of  such  blind  prescriptions  are  found  on  p.  896,  in 
the  two  names  for  quinine  sulphate.  The  synonym  "sulphatis  Ameri- 
canis  Australis"  was  written  in  good  faith  by  the  physician,  who 
desired  to  keep  the  patient  from  knowing  she  was  taking  quinine,  and 
who  cheerfully  furnished  the  information  to  the  druggist,  while  the 
doctor  who  perpetrated  ''sulphat  de  pelletiere"  told  the  patient  the 
prescription  could  be  prepared  only  by  a  druggist  blocks  away,  and 
furnished  the  information  to  the  neighboring  druggist  only  after  a 
sharp  talk. 

A  certain  "Dr.  Jones"  wrote  a  prescription,  "Dr.  Jones'  rheumatic 
mixture,"  telling  the  patient  that  it  could  be  obtained  at  a  certain 
remotely  situated  drug-store.  The  druggist  to  whom  it  was  presented 
called  on  the  doctor  and  pleasantly  asked  to  be  favored  with  the 
recipe.     It  was  forthwith  furnished  with  abundant  explanations. 

Compounding  the  Prescriptions. — The  preparing  of  each  prescrip- 
tion is  a  law  to  itself,  the  blending  of  the  ingredients  called  for  depend- 
ing entirely  on  the  individual  peculiarities  of  the  medicines  so  blended. 
In  the  foregoing  pages  of  this  book  information  has  been  given  of  most 
substances  used  in  American  medicine,  as  well  as  the  methods  of 
compounding  various  classes  of  preparations.  If  this  information 
has  been  absorbed,  the  compounding  of  prescriptions  becomes  simple 
— merely  the  application  of  principles  already  learned.  At  this 
place,  therefore,  we  need  only  discuss  the  technical  phases  of  com- 
pounding as  it  peculiarly  applies  to  the  prescriptions,  and  also  the 
question  of  incompatibility. 

Special  Technic  of  Prescription  Compounding. — As  just  mentioned, 
the  routine  compounding  of  a  prescription  calling  for  pills  is  similar 
to  the  directions  given  for  the  manufacture  of  pills  on  p.  313;  for 
emulsions,  as  explained  on  p.  266;  and  for  all  other  preparations,  as 
outlined  in  the  proper  place  on  the  foregoing  pages.  This  done,  the 
compounder  should  always  verify  his  results  by  the  so-called  ^'checking 
system";  that  is,  after  the  prescription  is  compounded,  the  finished 
preparation  and  the  written  prescription  are  handed  to  the  second 
person,  while  the  compounder  repeats  the  prescription,  laying  special 
emphasis  on  the  quantity  of  each  ingredient.  This  checking  system 
should  be  used  in  every  pharmacy,  no  matter  how  small.  If  there  is 
but  one  skilled  compounder  in  the  store,  he  should  train  the  boy  to 
check  for  him,  and  if  the  compounder  is  by  himself,  he  should  check 
his  own  work  by  placing  each  bottle  containing  the  medicine  used 
in  a  row  on  the  counter,  with  the  weight  employed  immediately  in 
front  of  the  bottle.  This  precaution  might  be  criticized  as  meaning 
an  outlay  for  extra  weights,  but  this  expenditure  is  more  than  com- 
pensated for  by  the  security  coming  from  the  plan. 
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In  Case  of  Error. — Perhaps  this  title  seems  superfluous,  since, 
of  course,  no  errors  should  occur,  but  the  writer  agrees  with  an  expe- 
rienced pharmacist  who  said  that  whenever  he  heard  of  a  druggist's 
mistake  he  simply  thanked  God  that  he  was  not  the  offender.  Mis- 
takes are  liable  to  occur  to  all,  hence  the  compounder  should  guard 
continually  against  errors,  for  even  one  of  these  may  blast  the  phar- 
maceutic reputation  of  a  life-time. 

The  handling  of  an  error  calls  for  the  highest  possible  tact,  hence 
no  fixed  and  fast  rules  can  be  given,  except  the  general  statement  that 
an  attempt  to  explain  by  lying  usually  makes  matters  worse.  Of 
course,  whenever  possible,  the  error  should  be  repaired  without 
exciting  the  suspicion  of  the  customer,  such  as  intercepting  the 
messenger  or  requesting  return  of  medicine,  but  at  all  hazards  the 
damage  must  be  repaired  even  if  it  is  necessary  to  call  the  prescribing 
physician  to  your  aid.  This  last  step,  disastrous  as  it  is  to  the  pharma- 
cist, should  be  taken  only  in  extreme  cases. 

INCOMPATIBILITIES 

The  word  "incompatibility"  means  "lack  of  agreement,"  and 
when  the  several  ingredients  in  a  prescription  do  not  agree,  such 
mixture  is  said  to  be  incompatible.  Prescription  incompatibility 
is  grouped  into  three  classes,  according  to  the  nature  of  the  disagree- 
ment; pharmaceutic  (or  physical)  incompatibility;  chemical  incom- 
patibility, and  therapeutic  incompatibility.  These  we  will  consider 
in  regular  order. 

Pharmaceutic  incompatibility  is  that  form  of  disagreement  depend- 
ing chiefly  on  the  question  of  relative  solubility.  Thus  a  solution  of 
resinous  substance,  say,  tincture  of  ginger,  will  become  turbid  on 
addition  of  water,  not  because  of  any  chemical  change,  but  because 
the  resin,  while  soluble  in  alcohol,  is  not  soluble  in  alcohol  diluted  with 
water.  Likewise,  a  gum  in  aqueous  solution — like  mucilage  of 
acacia — will  be  precipitated  on  addition  of  a  strongly  alcoholic  tincture, 
simply  because  the  gum  is  insoluble  in  diluted  alcohol.  A  third 
typical  case  of  pharmaceutic  incompatibility  that  might  be  cited  is 
the  classic  prescription  calling  for  quinine,  sulphuric  acid,  and  a 
licorice  preparation  (p.  895).  The  reason  for  giving  this  case  special 
emphasis  is  because,  at  first  glance,  it  seems  a  case  of  chemical  incom- 
patibility, since  it  deals  with  the  active  principle  of  licorice,  gly- 
cyrrhizin.  But  since  it  is  based  entirely  upon  the  solubility  of  gly- 
cyrrhizin  in  acid,  and  not  with  the  chemical  decomposition  of  the 
glycyrrhizin,  it  is  an  example  of  pharmaceutic  incompatibility. 

Among  pharmaceutic  incompatibilities,  for  the  want  of  a  better 
place,  we  group  such  prescription  experiences  as  the  dispensing  of 
deliquescent  salts,  the  compounding  of  pill  prescriptions  calling  for 
excess  of  liquid,  and  those  cases  where  not  enough  solvent  is  directed. 

Chemical  incompatibility  is  that  form  of  disagreement  where  a 
chemical  change  occurs  when  two  or  more  substances  are  blended. 
Sometimes  the  chemical  change  improves  the  product,  and  such  cases 
are  not  considered  as  incompatibilities.  An  example  of  this  is  the 
well-known  prescription  calling  for  mercuric  chloride  and  potassium 
iodide  (p.  615),  when  a  soluble  potassiomercuric  iodide  is  formed. 
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Such  cases  are  rare,  however,  being  limited  to  the  formation  of  hydrox- 
ides from  oxides,  the  neutralization  of  a  base  by  an  acid,  and  a  few 
special  reactions  such  as  the  saponification  of  an  oil  by  addition  of  al- 
kali. 

In  the  modern  conception  of  solution  it  is  considered  that  chemical 
action  usually  conforms  with  the  following  rule: 

A  chemical  reaction  occurs  between  two  soluble  bodies  only  when 
one  or  more  products  of  such  a  reaction  is  either  insoluble  or  gaseous. 
Always  apply  the  above  rule.  Thus,  if  NaCl  and  KBr  be  mixed, 
will  there  be  a  reaction?  What  would  be  the  products  of  such  a 
reaction?  Naught  but  KCl  and  NaBr — both  soluble  bodies — hence 
no  reaction  occurs.  On  the  other  hand,  if  we  added  a  solution  of 
NaCl  to  a  solution  of  AgNOg,  a  reaction  would  occur  because  one  of 
the  possible  reaction  products — AgCl — is  insoluble. 

Hence  the  whole  question  hinges  on  the  solubility  of  the  reaction 
products,  and  the  table  of  solubilities,  given  on  p.  119,  will  be  of  great 
value  in  considering  this  question. 

Among  the  more  important  cases  of  precipitation  (hence  of 
incompatibility)  are  the  following: 

1.  The  formation  of  an  insoluble  salt,  as  in  the  case  just  cited. 

If  Part  v.,  dealing  with  chemical  analysis,  has  been  carefully  studied,  the  most 
likely  forms  of  such  precipitation  will  have  been  learned,  thus:  (a)  The  alkaline 
metals,  lithium,  sodium,  potassium,  and  ammonium,  are  hardly  likely  to  be  precipi- 
tated by  any  chemical  (p.  431). 

Exception:  Potassium  salts  plus  tartaric  acid  may  precipitate  potassium  bi- 
tartrate. 

(6)  The  alkaline  earths — barium,  strontium,  calcium,  and  magnesium — will 
be  precipitated  on  addition  of  carbonates  and  phosphates. 

(c)  The  third,  fourth,  fifth,  and  sixth  groups  of  metals  will  be  precipitated  by 
the  carbonates,  phosphates,  hydroxides,  and  sulphides. 

This  statement  must  be  taken  in  a  general  way.  Thus,  with  several  of  the 
metals,  the  precipitated  hydroxide  is  redissolved  by  excess  of  alkaline  hydroxide, 
and,  in  truth,  arsenic  is  not  precipitated  by  hydroxide. 

(d)  The  seventh  group  of  metals — silver,  lead,  and  mercuric  salts — will  be  pre- 
cipitated by  all  the  foregoing,  and  also  by  chlorides  and  sulphates. 

Besides  these  general  rules,  the  special  precipitants  explained  as  tests  in  Part 
V.  will,  of  course,  act  as  incompatibilities. 

2.  Formation  of  special  insoluble  organic  salts,  such  as  tannate 
of  iron  (ink),  when  tannin-bearing  drugs  are  combined  with  iron  salts; 
meconate  of  lead,  when  opium  preparations  are  combined  with  lead 
solutions;  and  the  production  of  the  insoluble  blood-red  iron  salicylate 
when  iron  preparations  are  combined  with  salicylates. 

3.  Precipitation  of  alkaloids  by  alkaloidal  reagents  (p.  876).  Exam- 
ple of  this  is  the  precipitation  of  the  cinchona  alkaloids  when  prepara- 
tions of  this  drug  are  combined  with  potassium  iodide  and  mercuric 
chloride. 

4.  Formation  of  insoluble  bodies  when  synthetic  organic  chemicals 
are  combined  with  certain  reagents.  An  example  of  this  is  the  forma- 
tion of  green  crystals  when  antipyrine  is  treated  with  spirit  of  nitrous 
ether  that  has  become  acid. 

5.  Formation  of  insoluble  bodies  when  certain  organic  chemicals 
are  decomposed  by  certain  reagents,  such  as  the  decomposition  of  chloral, 
by  action  of  alkali,  into  chloroform  (p.  668). 
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To  give  extended  examples  of  these  incompatibilities,  beyond  the 
outline  given  above  and  the  mention  made  of  these  individual  pecu- 
liarities in  discussion  of  the  chemicals  in  Parts  III.  and  IV.,  would 
take  too  much  space,  hence  for  complete  enumeration  of  incom- 
patibilities the  reader  is  referred  to  Ruddiman's  admirable  work 
on  "Incompatibilities,"  mentioned  in  Preface, 

Incompatibilities  due  to  liberation  of  gases  may  be  summed  up  as 
explosive  prescriptions,  combinations  where  carbon  dioxide  is  evolved 
with  that  mild  form  of  explosion  called  effervescence;  and  those  few 
cases  where  gaseous  ammonia  may  be  liberated  from  ammonium 
salts. 

Explosive  prescriptions  must  be  known  in  advance  by  the  com- 
pounder, as  otherwise  an  explosion  may  occur,  producing  dangerous 
results.  As  already  explained  (p.  450)  explosions  are  produced  by  a 
sudden  evolution  of  gases,  and  all  substances  liable  to  produce  such 
gaseous  evolution  on  trituration  must  be  handled  with  the  utmost 
caution.  Already  in  Parts  III.  and  IV.  we  have  learned  most  possi- 
bilities of  this  kind,  so  here  a  sketchy  summary  will  suffice: 

^  (a)  All  oxidizing  agents,  such  as  potassium  chlorate,  chromic 
acid,  potassium  permanaganate,  silver  oxide,  hydrogen  dioxide,  and 
nitric  acid,  are  liable  to  explode  when  combined  with  organic  matter, 
and  such  oxidizable  inorganic  matter  as  sulphur  or  charcoal. 

(6)  Hypophosphites  are  liable  to  explode  when  heated  above 
100°  C,  or  when  combined  with  any  substance  (such  as  nitrates  and 
other  oxidizing  agents)  liable  to  produce  phosphine  (PH.3). 

(c)  A  modification  of  "a"  is  the  fact  that  strong  nitric  acid  and 
its  preparations  effervesce  with  drug  preparations  containing  tannin 
and  with  oil  of  turpentine,  sometimes  with  explosive  violence. 

(d)  Iodine  is  liable  to  explode  when  treated  with  ammonia  or  with 
oil  of  turpentine. 

Effervescent  Prescriptions. — When  any  .acid  combines  with  a  car- 
bonate, carbon  dioxide  is  evolved  with  an  effervescence  which  is 
harmless  if  allowed  to  proceed  in  an  open  dish.  If  the  ingredients 
are  mixed  in  a  bottle  which  is  immediately  corked,  the  force  of  the 
compressed  gas  is  enough  to  blow  out  the  cork  or  possibly  shatter 
the  bottle.  Hence,  as  already  mentioned  on  p.  444,  such  mixture 
should  be  prepared  in  graduate  or  mortar,  and  the  liquid  poured  into 
the  bottle  with  only  a  slight  "bead."  Aside  from  a  clearly  discernible 
combination  of  carbonate  and  acid,  look  out  for  prescriptions  calling 
for  carbonates  and  those  pharmaceuticals  containing  acetic  acid,  such 
as  syrup  of  squill. 

,  Combinations  Liberating  Ammonia. — Such  prescriptions  are  rare, 
being  practically  confined  to  combinations  of  ammonium  chloride  and 
lime  or  of  solution  of  ammonium  salts  with  solution  of  soda  and 
solution  of  potassa. 

Therapeutic  incompatibility  is  that  form  of  disagreement  where 
the  doctor  prescribes  two  medicines  that  are  therapeutically  antago- 
nistic. Examples  of  this  are  the  blending  of  a  stimulant  with  a  seda- 
tive, of  a  mydriatic,  like  belladonna,  with  a  miotic,  like  physostigma; 
of  pepsin  with  alkali,  and  of  pancreatin  with  acids.  The  combining 
of  pepsin  and  pancreatin  is  also  condemned  by  the  best  medical 
authorities. 
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The  question  of  therapeutic  incompatibility  is  entirely  beyond 
the  province  of  the  pharmacist,  the  writer's  experience  being  that  the 
doctor,  no  matter  how  friendly,  resents  suggestions  from  the  drug- 
gist along  this  line. 

Handling  Incompatible  Prescriptions. — The  question  of  the  com- 
pounding and  dispensing  of  incompatible  prescriptions  can  best  be 
considered  in  discussion  of  each  of  the  several  examples  of  incom- 
patible prescriptions  given  on  the  pages  which  follow. 

Discussing  the  subject  in  a  general  way,  it  can  be  said  that  the 
question — both  as  to  compounding  and  dispensing — is  a  matter  of 
good  judgment. 

Every  pharmacist  should  know  an  explosive  prescription  at  sight, 
should  know  those  which  should  not  be  combined  under  any  circum- 
stances (such  as  chromic  acid  and  glycerin),  and  those  which  can  be 
mixed  if  proper  precautions  are  taken  (such  as  mixing  nitric  acid  and 
oil  of  turpentine).  Explosive  prescriptions  are  a  menace  to  the 
compounder  rather  than  to  the  customer,  hence  self-interest  behooves 
complete  knowledge  of  this  class  of  prescriptions. 

In  other  forms  of  incompatibility  the  pharmacist  is  confronted 
with  two  important  questions:  1.  "Is  the  prescription  safe  to  dispense?" 
2.  "How  can  it  be  least  objectionably  compounded?" 

As  to  dispensing,  there  are  frequently  cases  of  intentional  incom- 
patibility— cases  where  the  doctor  really  desires  an  unsightly  mixture, 
because  of  its  therapeutic  virtue.  We  all  know  that  the  official 
chalk  mixture  is  of  value  because  of  the  insoluble  chalk  it  contains; 
even  so  the  prescription  calling  for  zinc  sulphate  and  lead  acetate 
must  be  dispensed  containing  the  precipitate  of  lead  sulphate,  since 
that  constitutes  a  large  part  of  the  healing  effect  of  the  mixture. 

On  the  other  hand,  prescriptions  in  which  potent  medicines  are 
produced  in  insoluble  form,  such  as  those  prescriptions  in  which  power- 
ful alkaloids  are  precipitated,  should  be  viewed  with  suspicion  by  the 
compounder,  and  while  it  is  often  an  exceedingly  delicate  matter 
to  approach  the  physician  on  the  subject,  it  is  usually  best  to  let  the 
doctor  know,  either  at  the  time  or  later,  the  possibility  of  danger. 
No  pharmacist  of  tact  or  good  sense  will  bluntly  announce  to  the 
customer  that  he  will  not  compound  such  a  prescription,  but  will 
always  consult  the  physician.  In  all  cases  where  this  kind  of  pre- 
scription is  dispensed,  a  "shake  well"  label  must  be  put  on  the 
bottle. 

Of  course,  there  are  prescriptions  of  this  kind  which  must  not  be 
dispensed,  such  as  the  mixture  of  chloral  hydrate  and  an  alkali  cited 
above,  and  in  the  list  of  prescriptions  which  follow  mention  is  made  o/ 
those  which  are  unsafe  to  dispense. 

A  last  word  on  consulting  the  physician  about  dangerous  incom- 
patibility as  well  as  dangerous  doses.  Always  approach  him  armed 
with  accepted  authority.  On  dosage,  the  two  dispensatories  can  be 
cited,  while  on  incompatibilities,  Ruddiman's  book  is  the  best  guide. 

The  question  as  to  the  best  way  of  compounding  an  incompa- 
tible prescription  depends  on  the  individual  prescription,  and  in 
the  line  of  incompatible  prescriptions  which  follow,  the  best  way  of 
compounding  is  usually  given.  In  a  general  way  it  might  be  stated 
that  when  the  two  substances  likely  to  react  are  diluted  as  much  as 
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possible  before  mixing,  the  chances  of  incompatibility  are  lessened, 
as  was  discussed  on  p.  390. 

Another  important  question  of  compounding  is,  "When  is  the 
pharmacist  justified  in  changing  a  prescription?"  The  answer  is 
that  a  change  is  justified  only  when  such  change  improves  the  pre- 
scription without  affecting  its  medicinal  action.  A  few  examples 
may  be  cited: 

(a)  A  prescription  calling  for  a  certain  alcoholic  tincture  mixed 
with  gummy  substances  may  precipitate  the  gum.  If  the  equivalent 
amount  of  the  fiuidextract  is  used,  the  precipitation  may  be  avoided. 

(6)  An  aromatic  water,  when  used  to  dissolve  a  salt  like  potassium 
iodide,  has  some  of  its  oil  separate,  and  cloudy  mixture  results.  If 
the  salt  is  dissolved  in  the  smallest  quantity  of  water  and  then  mixed 
with  the  aromatic  water,  no  oil  will  separate. 

(d)  A  prescription  called  for  phenol  mixed  with  an  amount  of 
water  insufficient  to  dissolve  it.  If  a  part  of  the  water — say  one- 
eighth  or  one-quarter — be  replaced  by  glycerin,  a  perfect  solution 
ensues. 

(d)  Pills  calling  for  ferrous  sulphate,  U.  S.  P.,  or  other  crystalline 
salts  are  found  to  yield  a  mass  that  is  too  soft.  By  use  of  the  pro- 
portional quantity  of  exsiccated  salt  the  mass  can  be  easily  made. 
Most  of  these  or  similar  cases  are  given  among  the  prescriptions  cited 
on  the  pages  which  follow,  so  this  short  summary  suffices  at  this  place. 

Inadvisable  is  it  to  make  a  construction  like  that  cited  on  p.  1087, 
that  an  unsightly  prescription  calling  for  "magnesia"  can  be  made 
sightly  by  using  soluble  magnesium  sulphate. 

In  conclusion  let  it  be  said  that  when  a  change  is  made,  it  is  always 
best  to  let  the  physician  know,  explaining  why  the  change  was  made. 

INCOMPATIBLE   PRESCRIPTIONS 

I^.     Tinct.  iodi 3ij 

Liniment,  ammoniae oiv. 

M.     Ft.  lint. 
Liable  to  explode,  as  ammonia  combines  with  iodine,  forming  the  dangerously 
explosive'  nitrogen  iodide,  NI3. 

I^.     Spiritus  aetheris  nitrosi 5ss 

Fluidext.  uvse  ursi 5iss. 

M.     Sig. — Teaspoonfvd  every  four  hours. 

The  spirit  of  nitrous  ether,  if  acid,  is  apt  to  act  on  the  tannin  of  the  uva  ursi  and 
froth  violently,  sometimes  exploding  the  bottle. 

I^.     Acidi  chromici ^'  ^ 

Glycerini 5ss. 

Don't  dispense.     Dangerously  explosive. 

I^.     Olei  terebinthinse 5iv 

Acidi  nitrici 3iv. 

Can  be  put  up  if  mixed  cautiously  in  large  open  dish. 

I^.     Argenti  oxidi gr.  v. 

M.     Ft.  pilulae  No.  xx. 
Mass  these  pills  with  kaolin  and  vaseline.     Ordinary  excipients  will  cause  ex- 
plosion. 
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I^.     Zinci  oxidi 5ij 

Zinci  carb.  prsec 3j 

Petrolati 3ss 

Liq.  calcis ad   5iv. 

This  prescription  was  evidently  written  with  the  idea  that  the  fat  petrolatum 
would  saponify  with  the  calcium  hydroxide  as  would  an  animal  or  vegetable  fat. 
It  does  not  do  this,  and  an  unsightly  mixture  results. 

I^.     Quin.  sulphatis gt-  x 

Potass,  acetatis gr.  xx 

Acidi  sulphurici gtt.  x 

Aquse q.s.  ad  3ij. 

Chemical  incompatibility.     Insoluble  quinine  acetate  formed. 

I^.     Tincturae  cinchonas giss 

Tincturse  guaiac 5ss 

Mucilaginis  acacise 3iss. 

Pharmaceutic  incompatibility.  Acacia  precipitated  by  the  alcohol.  Remedy 
by  reducing  amount  of  alcohol  by  using  a  proportional  quantity  of  fluidextract  of 
cinchona  and  enough  water  to  produce  bulk  equal  to  amount  of  tincture  called  for. 

I^.     Ammonii  carbonatis gr.  xxiv 

Ferri  et  ammon.  cit 5  j 

Glycerini 5ss 

Aquae ad  5viij. 

Chemical.     Red  ferric  hydroxide  precipitated  by  ammonium  carbonate. 

I^.     Copaibae 3j 

Acid,  sulph.  arom 3ss 

Inf.  rosse q.s.  ad   5iij. 

Pharmaceutical.     Copaiba  immiscible.     Remedy  by  emulsifying. 

I^.     Morphinse  sulphatis ST'  ^j 

Spt.  aeth.  nit 5ss 

Aquae ad   5vj. 

Chemical.     Color  changes  from  red  to  yellow. 

I^.     Hydrarg.  chlor.  corrosivi gr.  j 

Sodii  boratis gr.  v 

Aqua  destillatae oiv. 

Chemical.  When  the  salts  are  mixed  in  concentrated  solution,  the  product  is  a 
dirty  red  color.  When  in  dilute  solution  it  is  first  colorless,  afterward  depositing  a 
black  powder. 

I^.     Potass,  cyanidi gr.  j 

Acidi  citrici ^F-  ^ 

Syrupi  pruni  virg oiv. 

M.     Dessertspoonful. 
This  is  all  right,  affording  a  good  means  of  administeriQg  HCN,  this  being  liber- 
ated in  the  action  of  citric  acid  on  the  potassium  salt. 

I^.     Ammonii  chloridi 3  j 

Calcis 3iij 

Aquae §ij. 

Chemical.  2NH^Cl  +  Ca(OH)2  =  CaCl2  +  2NH3+2H20.  Ammonia  gas  is  gener- 
ated. 

I^.     Potass,  brom 3ij 

Chloralis 3j 

Spts.  ammon.  arom 5ss 

Syrupi  aurant.  cort Sij 

Aquse ad  5iv. 

Chemical.  Ammonia  in  spts.  ammon.  arom.  acts  on  chloral  to  form  chloroform 
which  is  immiscible.     Dispense  with  "shake"  label. 
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I^.     Tincturse  iodi, 

CoUodii,  }■ aa  5ss. 

Aquae  ammonise. 
M.     Ft.  sol. 


Pharmaceutical.  The  tincture  and  the  collodion  mix  to  a  clear  solution,  but  as 
soon  as  the  ammonia  water  is  added,  the  pyroxylin  in  the  collodion  is  separated  in  a 
solid  mass.  Can  be  dispensed  without  altering  properties  by  using  spirit  of  ammonia 
instead  of  the  water.  It  is  apt  to  become  lighter  on  standing,  due  to  action  of  am- 
monia on  iodine.  Also  a  faint  possibility  of  explosion,  intimated  by  comparison  with 
iodine  prescription  on  p.  1081. 

I^.     Bismuthi  et  ammon.  cit gr.  xxx 

Liquor  pepsini 5  j 

Elix.  et  aquae aa  ad  5iv. 

Chemical.  This  solution  remains  clear  only  when  exactly  neutral;  the  bismuth 
salt  being  insoluble  in  acid  and  the  pepsin  insoluble  in  alkaline  solution.  It  being 
difficult  to  preserve  neutrality,  the  bismuth  citrate  is  always  precipitated  in  time. 

I^.     Copaibae 5iv 

Olei  cubebae gtt.  xx 

Calcis gr.  xx. 

Chemical.  The  calx  saponifies  the  copaiba,  just  as  does  magnesia  in  the  formerly 
official  mass  of  copaiba;  in  this  case,  however,  to  make  a  creamy  emulsion. 

I^.     Pilulae  colocynthidis  comp gr.  xx 

Hydrargyri  chlor.  mit gr-  vj 

Tinct.  capsici gtt.  xx. 

The  first  ingredient  is  from  the  British  Pharmacopoeia  and  is  essentially  our 
compound  extract  of  colocynth.  There  is  too  much  liquid  and  the  mass  will  be  too 
soft.     Triturate  in  warm  mortar  until  the  tincture  evaporates. 

I^.     Vini  ipecacuanhae gtt.  xx  jC 

Magnesii  sulphatis gr.  xx  ^ 

Sodii  bicarbonatis 5^ 

Aquae 5j. 

Chemical.  The  two  salts  effervesce  on  mixing.  Do  not  bottle  until  carbon 
dioxide  is  all  evolved. 

I^.     Argenti  nitratis gr-  v 

Micse  panis gr  xx. 

M.     Ft.  pilulae  No.  xx. 

Chemical.  The  salt  in  the  bread  may  react  with  the  silver  nitrate  to  form  in- 
soluble silver  chloride. 

I^.     Potass,  bromidi 3vJ  j^ 

Aquae  camphorae 5vj. 

M. 

Pharmaceutical.  The  soluble  salt  causes  separation  of  camphor  from  the  water. 
Accordingly,  this  must  be  dispensed  with  a  "  shake"  label. 

1$.     Tincturae  nucis  vomicae |ss 

Tincturae  cinchonae  comp ^luss. 

Pharmaceutical.  Fat  in  tincture  of  nux  vomica  precipitated  by  the  hydro- 
alcoholic  tincture  of  cinchona,  causing  milkiness. 

If,  however,  the  tincture  of  nux  vomica  be  that  of  U.  S.  P.  VIII.,  prepared  from 
the  extract,  the  difficulty  will  be  obviated. 
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I^.     Syrupi  ferri  iodidi Biss 

Potassii  iodidi 3j 

Potassii  carbonatis 3iss 

Syrupi  tolutani 5ss 

Aquae 5ij. 

Chemical.     The  carbonate  reacts  with  ferrous  iodide,  forming  insoluble  ferrous 
carbonate,  K^COa  +  Fel^ = 2KI  +  FeCOj. 

I^.     Quininse  bisulphatis 3ss 

Misturse  Bashami 5ij- 

Chemical.     The  free  acetic  acid  in  the  Basham's  mixture  will  precipitate  in- 
soluble quinine  acetate. 

I^.     Potassii  bromidi 3iv 

Aquae  menthse  piperitae. .  - 5vj. 

""^ 

Pharmaceutical.     The  bromide,  in  dissolving,  refrigerates  the  peppermint  water, 

rendering  the  oil  dissolved  less  soluble  and  causing  excess  to  separate,  making  milky 
mixture.  Remedied  by  dissolving  the  salt  in  pure  water  and  adding  peppermint 
water  to  the  required  amount. 

I^.     Potassii  bicarbonatis 3  j 

Tinctura  guaiaci  ammoniatae 3ij 

Mucilaginis  acacise 3ij 

Quininae  sulphatis gr.  viij 

Acidi  sulphuric,  arom 3iv 

Aquae ad   5iv. 

Chemical.     The  excess  of  bicarbonate  will  precipitate  the  quinine,  the  resin  in 
the  tincture  of  guaiac  will  be  thrown  out  by  the  water.     No  remedy. 

^.     Tincturae  guaiaci  ammoniatae 5ij 

Spiritus aetheris  nitrosi Bss 

Aquae  cinnamomi ad  5iv. 

M. 

Pharmaceutical.     Resin   of  guaiac   precipitated   by   the   water.     Remedy   by 
emulsionizing. 

I^.     Asafetidae gr.  xv 

Pulveris  camphorae gr.  x 

Terebinthinae  albae gr-  v^ 

Olei  menth.  pip gtt.  iv. 

M.     Ft.  pil.  No.  x. 

By  warming  slightly,  a  plastic  mass  may  be  obtained. 

I^.     Cinchoninae  sulphatis 3iij 

Acidi  nitrici ^t.  x 

Aquae 5iv. 

M. 

Pharmaceutical.     Amount  of  acid  not  sufficient  to  dissolve  the  cinchonine,  hence 
more  is  to  be  added. 

I^.     Croton  chloralis 9iv 

Alcoholis,  q.s.  ft.  sol. 

Mucilaginis  acaciae §ij. 

Pharmaceutical.     The  amount  of  alcohol  necessary  to  dissolve  the  croton  chlora 
will  be  enough  to  precipitate  the  acacia  from  the  mucilage,  so  leave  out  the  alcohol. 

I^.     Potassii  cyanidi gr.  j 

Spiritus  chloroform! 5iss 

Fluidext.  pruni.  virg 3ij 

Tincturae  opii  camph §ss. 

This  is  miscible. 
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R.     Tincturae  krameriae 5ij 

Tincturae  opii 3iv 

Aquae  camphorae giss 

Aquae  menthae  piperitae 5j. 

Chemical.    The  tannin  in  the  tincture  of  krameria  will  precipitate  the  morphine. 

I^.     Calc.  hypophosphitis 3iv 

Liquor  potassii  arsenitis 3  j 

Tinctura  ferri  chloridi 3j 

Strychninae  sulphatis gr.  j 

Acidi  phosphorici  dil 3j 

Aquae ad  5iv. 

Chemical.  The  arsenous  acid  of  Fowler's  solution  produces,  with  tincture  of 
ferric  chloride,  insoluble  ferric  arsenite. 

I^.     Ferri  et  quininae  citratis 3iv 

Tincturae  Valerianae  ammoniatae 3vi 

Aquae q.s.   5xij. 

Chemical.     The  ammonia  wiU  precipitate  the  quinine  from  the  scale  salt  solution. 

1$.     Potassii  bicarbonatis .* 5] 

Potassii  salicylatis 5  j 

Spiritus  chloroformi 5j 

Aquae q.s.  ad  5viij. 

Pharmaceutical.  Spirit  of  chloroform  is  immiscible  with  that  quantity  of  water, 
and  a  milky  mixture  results  on  agitation,  the  chloroform  separating  on  standing. 

I^.     Tincturae  opii 5ss 

Liq.  plumb,  subacet.  dil q.s.  ad  Oj. 

Chemical.  A  popular  lotion  that  must  be  dispensed  with  a  "shake"  label. 
Lead  meconate  precipitated. 

I^.     Hydrargyri  chloridi  corros ^-  }) 

Liq.  calcis oxij. 

Chemical.  The  popular  and  former  official,  "yellow  wash,"  hme  water  reacting 
with  mercuric  chloride  to  form  insoluble  yellow  mercuric  oxide  by  the  following  re- 
action: HgCl2  +  Ca(OH)2  =  HgO  +  CaCl2  +  H20.     Dispense  with  "shake"  label. 

I^.     Quininae  sulphatis ^r-  xxx 

Tincturae  ferri  chloridi oj 

Syrupi  et  aquae aa  5 j- 

Chemical.  The  quinine  will  not  entirely  dissolve,  there  being  an  insufficient 
amount  of  acid  in  the  tincture  to  accomplish  the  purpose.  Add  a  few  drops  of  hydro- 
chloric acid. 


I^.     Quininae  hydrochloratis 3.0 

Antipyrine 2.0 

Aquae  destillatae 5.0 

Pharmaceutical.  The  usually  insoluble  quinine  salt  will,  under  the  influence 
antipyrine,  dissolve  in  the  small  quantity  of  water  directed  in  the  above  prescription, 
which  is  lately  introduced  as  "chinopyrine,"  as  a  good  method  of  administering 
quinine  hypodermically. 


of    ' 


I^.     Hydrarg.  chlor.  mitis gr-  xx 

Antipyrine gr.  xl. 

M.  Ft.  pulv.  No.  XX. 
Chemical.     Dangerous,  as  corrosive  sublimate  is  formed  by  the  following  reac- 
tion :    SHg^Cl,  +  H,0  +  2C„Hi,N30  =  2Hg  +  Hg,0  +  2HgCl,  +  2C„Hi,N,0HCl. 
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I^.     Fluidext.  hamamelidis 5ij 

Fluidext.  hydrastis 5iv. 

M. 

Chemical.  Precipitates  when  combined.  Probably  due  to  the  action  of  tannin 
in  the  hamamelis  on  the  hydrastis  alkaloids. 

I^.     Hydrargyri  chloridi  corrosivi gr.  | 

Strychninae  sulphatis gr.  j 

Quininse  sulphatis 3j 

Liquor  acidi  arsenosi 3j 

Tincturse  ferri  chloridi Sij 

Misturae  ferri  et  ammon.  acet ad  5iv. 

Chemical.  Clear  solution  is  formed  by  adding  the  tincture  of  iron  and  the  solu- 
tion of  arsenous  acid  to  about  three  ounces  of  freshly  prepared  Basham's  mixture, 
dissolving  the.  alkaloids  in  this  mixture,  adding  an  aqueous  solution  of  the  corrosive 
sublimate,  and  finishing  with  sufficient  Basham's  mixture  to  make  four  fluidounces. 
But  the  alkaloids  are  precipitated  by  the  corrosive  sublimate  on  standing,  and  the 
mixture  is  too  dangerous  to  dispense. 

I^.     Tincturse  myrrhse 5ij 

Morphinae  acetatis ct.  j 

Acidi  tannici oss 

Syrupi  Zingiberis 5 j- 

M.     Ft.  sol. 

Both  Chemical  and  Pharmaceutical.  Tannin  precipitates  the  morphine.  Resin 
of  myrrh  separated  by  the  syrup.     Nothing  can  be  done  with  it. 

I^.     Hydrargyri  bichloridi gr.  j 

Liq.  potass,  arsenitis gtt.  xlviij 

Syrupi  ferri  iodidi 5vj 

Elixir  cinchonae ad   5 vij. 

Chemical.  Almost  anything  is  possible.  Thus  the  bichloride  separates  mercury 
when  combined  with  the  potassium  bicarbonate  of  Fowler's  solution;  it  is  incom- 
patible with  ferrous  iodide  and  precipitates  the  alkaloids  of  the  cinchona  elixir,  while 
the  syrup  is  incompatible  with  everything  else.  As  the  "Pharmaceutical  Era" 
(from  which  it  is  taken)  says:  "A  much  more  incongruous  mixture  can  hardly  be 
devised." 

^.     Cocainse  hydrochlor gr-  ij 

Sodii  boratis ^-  ^ 

Aquas oj- 

M.     Ft.  sol. 

/Sig. — Apply  to  eye. 
Cocaine  or  any  other  alkaloid  will  be  precipitated  by  the  alkaline  borax.     If 
boric  acid  v!4^s  used,  no  precipitation  would  occur. 

I^.     Hydrarg.  bichlorid gr.  j 

Potassii  iodidi 3iij 

Tincturse  cinchonse  comp 5viij. 

M.     Ft.  sol. 

Sig. — Teaspoonful  thrice  daily. 

The  bichloride  and  the  iodide  combine  to  form  potassio-mercuric  iodide,  an 
alkaloidal  precipitant  (p.  876).     This  will  throw  the  cinchona  alkaloid  out  of  solution. 

I^.     Ammonii  muriatis 3j 

Potassii  iodidi 5ss 

Tincturse  opii  camph oss 

Syrupi  pruni  virg S  ij 

Syrupi  tolutani 5ij 

Aquae q.s.  ad  S'vjj- 

Chemical.  The  iodide  wiU  precipitate  some  of  the  constituents  of  the  paregoric 
and  the  syrup. 
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I^.     Fluidext.  nucis  vomicae 111x1 

Fluidext.  digitalis 3iss 

Tincturae  strophanthi §ss 

Potassii  nitratis Siiss 

Elixir  gentianae  et  ferri ad   5  vj. 

Chemical.  After  standing  twenty-four  hours  bottle  containing  this  mixture 
exploded.  Explosion  due  to  decomposition  of  the  nitrate  by  tannin  and  resinous 
matters  in  the  fluidextracts;  large  quantities  of  nitrogen  oxides  being  liberated. 
Do  not  dispense. 

I^.     Argenti  nitratis gr.  i 

Bismuthi  subnitratis gr.  ij 

Ext.  belladonnse  fol gr.  -^y. 

Dent,  tales  dos.  No.  x. 

Chemical.  Incompatible,  though  often  prescribed  with  good  results.  Silver 
salt  reduced  by  vegetable  extracts.  Dispense  by  adding  a  ^rain  of  kaolin  to  each 
pill  and  making  up  with  petrolatum.  This  will  lessen  likelihood  of  reduction,  al- 
though not  totally  removing  possibility. 

I^.     Quininse  bisulphatis 3j 

Sodii  hyposulphitis Siiss 

Glycerini 5j 

Aquae  cinnamomi ad   5iv. 

M. 

Sig. — Shake  and  take  a  teaspoonful  one  hour  before  meals,  in  water. 

Chemical.  The  hyposulphite  reacts  with  the  precipitation  of  sulphur  and  the 
evolution  of  sulphurous  acid  gas.  The  sulphur  precipitates  in  varying  tints,  from 
yellow,  through  pink,  to  gray,  causing  much  annoyance  in  arousing  suspicions  of 
the  patient.     It  is  to  be  dispensed,  however,  as  it  possesses  therapeutic  value. 

I^.     Potassii  iodidi                    "I  aa  ^^ss 

Liquor  potassii  arsenitis  / ' 

Chemical.     Precipitate  of  oxyiodides  of  arsenic  formed. 

I^.     Potassii  citratis 3iij 

Potassii  bicarbonatis 3iij 

Tincturae  belladonnae Siiss 

Aquae  menthae  piperitae q.s.  ad  5 viij. 

Chemical.  The  salts  effervesce  on  combining,  and  a  precipitation  occurs  when 
the  tincture  is  added.  The  effervescence  is  probably  due  to  the  following  reactions: 
K3C9H5OT  +  KHCO3  +  H2O  -  K^HC^H A  +  CO^  +  2K0H.  And  the  alkaline  hydroxide 
precipitates  the  alkaloids  from  the  tincture.  A  dangerous  mixture  that  must  be 
dispensed  with  a  "shake"  label. 

The  following  prescriptions  were  submitted  by  W.  F.  Kaemmerer, 
at  the  meeting  of  the  American  Pharmaceutical  Association  held  in 
1905,  and  were  commented  upon  by  a  dozen  prominent  pharmacists 
in  the  "American  Druggist"  (November  27,  1905).  The  criticisms 
given  below  represent  the  consensus  of  opinion  of  these  authorities. 

I^.         Ferrous  sulphate 5  grains 

Magnesia 10  grains 

Peppermint  water 11  fluidrachms 

Spirit  of  nutmeg 1  fiuidrachm. 

Mix.     Of  such  dose,  make  1  pint. 

Directions. — One  teaspoonful  twice  a  day. 

Would  produce  an  unsightly  mixture,  since  magnesia  is  insoluble.  Mr.  Kaemmerer 
substituted  magnesium  sulphate,  thereby  obtaining  a  clear  liquid,  a  step  approved 
by  three  gentlemen  consulted  and  condemned  by  six. 
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I^.     Bromine  ointment,  ten  per  cent 1  ounce. 

Use  as  directed. 

Mr.  Kaemmerer  put  it  up  like  an  ointment  of  iodine,  using  potassium  bromide  to 
make  the  bromine  soluble.  Proportions:  bromine,  50  grains;  potassium  bromide, 
100  grains;  water,  150  grains;  anhydrous  wool-fat,  200  grains.  Avoid  disagreeable 
fumes  of  bromine  by  surrounding  mortar  with  dishes  containing  ammonia  water, 
suggests  Mr.  Dunning. 

I^.     Calcium  sulphide 15  grains. 

Make  into  60  pills. 

Kaemmerer  made  as  quarter-grain  granules,  using  glucose  as  excipient.  Five 
of  the  gentlemen  consulted  thought  enough  sugar  of  milk  or  other  diluent  should  be 
added  to  make  a  one-grain  piU,  and  three  advised  coating  with' gelatin  or  balsam  of 
tolu. 

I^.     Calomel 1  grain 

Urotropin 1  drachm. 

Mix  and  divide  into  12  powders. 
Directions. — One  every  four  hours. 

Mr.  Kaemmerer  declares  that  the  combination  is  incompatible,  but  Messrs, 
Hynson  and  Dunning  claim  that  if  the  urotropin  is  dry  and  pure,  the  reaction  be- 
tween the  two  is  insignificant. 

I^.     Potassium  bicarbonate 3  drachms 

Potassium  citrate 1  ounce 

Tincture  hyoscyamus 3  fluidrachms 

Syrup  of  Tolu q.s.  to  make  3  fluidounces. 

Directions. — Teaspoonful  every  two  hours. 

Effervescence  occurs,  due  not  to  acidity  of  the  citrate,  but  to  the  acids  (benzoic 
and  cinnamic)  of  the  syrup  of  Tolu. 

I^.     Sodium  phosphate 2J  ounces 

Sodium  bromide i  ounce. 

Directions. — Teaspoonful  four  times  a  day  in  water. 

Triturates  to  pasty  mass,  due  to  the  60  per  cent,  water  in  the  official  crystalline 
sodium  phosphate.  Best  remedy  is  that  suggested  by  Mr.  Hankey,  of  using  exsic- 
cated sodium  phosphate,  1\  ounces,  and  sugar  of  milk,  IJ  ounces. 

I^.     Gold  bromide 6  grains 

Water 6  fluidrachms. 

Make  a  solution. 

Mr.  Kaemmerer  states  the  salt  does  not  dissolve  to  a  perfectly  clear  solution. 
He  therefore  added  a  small  amount  of  potassium  bromide,  a  step  approved  by  all 
consulted,  although  Mr.  Hankey  emphasizes  that  chemically  pure  gold  bromide 
dissolves  to  clear  solution. 

I^.     Mercuric  chloride q.s. 

Petrolatum 2  drachms. 

One  in  ten  thousand. 

Merely  a  problem  in  arithmetic,  and  the  application  of  common  sense  in  dis- 
pensing: 

2  drachms  of  a  1: 10,000  ointment  means  120XTu^TTTT==T^Bffff  =  T^5(r>  or  about  ^V 
grain  of  bichloride.  To  weigh  this  small  amount  is  practically  impossible  on  the 
average  prescription  scale,  and  to  secure  the  amount  it  is  necessary  to  follow  some 
procedure  like  that  of  Mr.  Kaemmerer,  who  made  an  aqueous  solution  containing  1 
grain  of  bichloride  to  1000  minims,  and  mixing  12  minims  of  this  solution  with  the 
petrolatum.  Mr.  Beringer  objects  to  the  use  of  water,  and  instead  makes  an  oint- 
ment containing  1  grain  of  bichloride  and  99  grains  of  lanolin  and  then  mixes  1.2 
grains  of  this  with  petrolatum. 
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I^.     Quinine  sulphate 3  drachms 

Diluted  sulphuric  acid  q.  s.  to  dissolve 

Sodium  salicylate 4  drachms 

Extract  of  malt q.s.  ad  12  fluidounces. 

Directions. — Teaspoonful  three  times  a  day. 

As  in  the  quinine,  sulphuric  acid,  glycyrrhiza  mixture,  the  acid  is  best  omitted. 
This  is  agreed  to  by  all  consulted. 

I^.     Ammonium  iodide 1  drachm 

Apomorphine 1  grain 

Diluted  nydrochloric  acid 10  minims 

Syrup  of  licorice 1  fiuidounce 

Peppermint  water 2  fluidounces. 

Directions. — Teaspoonful  every  three  or  four  hours. 

Mr.  Kaemmerer  omitted  the  acid  to  prevent  separation  of  glycyrrhizin.  Mr. 
Dunning  calls  attention  to  the  possible  danger  of  dispensing  the  powerful  emetic  apo- 
morphine in  insoluble  form,  and  advises  the  use  of  the  hydrochloride,  thus  doing 
away  with  the  need  of  the  acid. 

IJ.     Salicylic  acid 3  drachms 

Potassium  acetate 4  drachms 

Glycerin 1  fiuidounce 

Water 4  fluidounces. 

Directions. — Teaspoonful  four  times  a  day. 

This  makes  a  clear  solution,  alkaline  acetates  having  the  property  of  dissolving 
considerable  salicylic  acid. 

1$.     SaUcylic  acid 2  drachms 

Solution  of  ammonium  acetate 2  fluidounces 

Spirit  of  nitrous  ether J  fluidounce. 

Syrup I  fluidounce. 

Directions. — ^Two  teaspoonfuls  every  three  hours  until  relieved. 

The  acid  will  be  largely  dissolved  by  the  alkahne  solution  of  ammonium  acetate. 
There  is  a  possibility  that  the  salicyhc  acid  may  react  on  the  spirit  of  nitrous  ether, 
especially  if  it  is  acid.  Kaemmerer  filtered  out  excess  of  salicylic  acid,  a  procedure 
not  approved  by  most  of  the  gentlemen  consulted;  Mr.  Hankey  suggesting  that 
enough  ammonia  be  added  to  insure  complete  solution. 

I^.     Potassium  citrate 1  ounce 

Ammonium  benzoate 4  drachms 

Water q.s.  ad  4  fluidounces. 

Directions. — Teaspoonful  every  three  hours. 

Although  Mr.  Kaemmerer  reported  that  the  combination  did  not  make  a  clear 
solution,  the  majority  of  those  consulted  agreed  that  if  the  official  salts  are  used,  a 
clear  solution  will  result.  Mr.  Dunning  calls  attention  to  the  fact  that  the  acid 
ammonium  benzoate  is  only  sparingly  soluble,  and  that  the  official  salt  on  standing 
loses  ammonia,  forming  the  acid  benzoate.  Therefore,  if  a  cloudy  mixture  results, 
just  enough  ammonia  should  be  added  to  insure  solution. 

I^.     Morphine  sulphate 3  grains 

Potassium  cyanide 4  grains 

Aromatic  sulphuric  acid 2^  drachms. 

Syrup  of  wild  cherry q.s.  ad  4  fluidounces. 

Directions. — Teaspoonful  three  times  a  day. 

This  prescription  is  entirely  safe,  even  though  hydrocyanic  acid  is  liberated  by 
the  sulphuric  acid.  It  is  merely  fortifying  the  hydrocyanic  acid  content  of  the 
syrup. 
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I^.    Magnesium  sulphate 3  ounces 

Aromatic  sulphuric  acid 2  J  fluidounces. 

Syrup q.s.  ad     8  fluidounces. 

Directions. — Teaspoonful  two  or  three  times  daily  in  water. 

The  problem  is  whether  three  ounces  of  magnesium  sulphate  will  dissolve  in  the 
amount  of  syrup.  Mr.  Kaemmerer  dissolved  it  in  three  ounces  of  water,  and  then 
added  syrup  to  make  eight  ounces.  Others  advised  dissolving  the  salt  in  the  syrup 
by  use  of  gentle  heat. 

I^.     Fluidextract  of  digitalis 1  fluidrachm. 

Put  into  20  capsules. 

Directions. — One  every  three  hours. 

Mr.  Kaemmerer  mixed  the  fluidextract  with  magnesium  carbonate  and  massed 
with  glycerite  of  tragacanth.  Several  objected  to  the  use  of  magnesium  carbonate 
lest  its  alkalinity  decompose  the  delicate  constituents  of  digitalis,  advising  the  use  of 
sugar  of  milk  as  a  diluent. 

I^.     Creosotal 1§  fiuidrachms. 

Basham's  mixture 4  fluidounces. 

Directions. — Two  teaspoonfuls  after  each  meal. 

Creosotal  will  not  dissolve  in  aqueous  liquids,  so  Mr.  Kaemmerer  emulsified  with 
1  drachm  of  acacia  and  2  drachms  of  water  and  then  added  Basham's  mixture. 
Mr.  Hynson  gives  the  good  suggestion  to  prepare  two  ounces  of  a  double  strength 
Basham's  mixture,  thus  making  it  possible  to  prepare  a  two-ounce  emulsion  of  the 
creosotal. 

I^.     Tincture  of  chloride  of  iron 1  fluidounce 

Diluted  phosphoric  acid 2  fluidounces 

Glycerin 2  fluidounces 

100  per  cent,  solution  of  sodium  phosphate  q.s.  8  fluidounces. 
Directions. — Teaspoonful  in  a  half-glass  of  water  after  each  meal. 

If  glycerin,  solution  of  sodium  phosphate,  and  a  mixture  of  the  acid  and  tincture 
of  ferric  chloride  are  mixed,  a  creamy  mixture  results..  If  glycerin,  the  acid,  the 
tincture,  and  then  the  sodium  phosphate  solution  are  mixed  and  then  warmed,  a 
clear,  light  greenish  solution  results.  In  order  to  make  a  clear  liquid,  the  solution  of 
sodium  phosphate  (which  is  now  official  as  Liquor  Sodii  Phosphatis  Compositus) 
must  contain  the  pharmacopoeial  amount  of  citric  acid. 

I^.     Iron  pyrophosphate 2  drachms 

Diluted  phosphoric  acid 3  fluidrachms 

Syrup q.s.  ad  3  fluidounces. 

Directions. — Teaspoonful  in  water  an  hour  after  meals. 

If  carelessly  compounded,  the  ferric  pyrophosphate  will  be  precipitated  by  the 
acid.  Mr  Hankey  says  if  the  pyrophosphate  will  be  dissolved  in  3  fluidrachms  of 
hot  water,  the  syrup  then  added,  and  lastly  the  acid,  little  by  little,  shaking  after 
each  addition,  a  clear  solution  results.  Mr.  Kaemmerer  used  Diluted  Metaphosphoric 
Acid  N.  F.  (p.  429)  instead  of  the  official  diluted  phosphoric  acid. 

I^.     Hyoscine  hydrobromate 2  grains. 

Make  21  pills. 

Directions. — One  after  each  meal. 

As  this  stands,  the  prescription  calls  for  an  excessive  dose  of  the  alkaloid.  As 
to  compounding,  use  enough  of  a  diluent  (Mr.  Kaemmerer  used  arrowroot)  to  make 
a  pill  weighing  about  1  grain.  j 


PART    VII 
LABORATORY   EXERCISES 


INTRODUCTION 

Essential  to  the  making  of  an  allround  pharmacist  is  the  ability 
to  carry  out  pharmaceutic  operations,  and  any  thorough  course  of 
pharmaceutic  instruction  must  include  laboratory  exercises  as  well 
as  theories.  The  following  line  of  laboratory  work  has  been  used 
with  success  by  the  writer  for  the  past  decade,  and  in  order  to  secure 
best  results,  every  step  directed  on  the  following  pages  should  be 
followed  by  the  student,  particularly  the  calculations,  which  are  inten- 
tionally left  incomplete.  To  carry  out  these  exercises,  the  student 
should  have  access  to  a  laboratory,  that  is,  a  room  provided  with  a 
working  table,  provided  with  gas,  Bunsen  burners  (p.  71),  water-bath, 
(p.  75),  filtering  or  retortst  and,  with  appropriate  movable  rings 
(p.  98),  and  a  Liebig  condenser  (p.  97).  Every  drug-store  should 
possess  such  a  working  table  and  appliances. 

The  special  apparatus  needed  to  carry  out  this  work  is  as  follows, 
and  should  be  a  part  of  the  equipment  of  every  well-conducted 
pharmacy: 


1  thermometer:  Centigrade  markings  on 
one  side;  Fahrenheit  on  the  other, 
markings  to  250°  C. 

1  pyknometer  of  about  25  Co.  capacity. 

1  set  of  hydrometers;  one,  heavy  Baume 
degrees;  the  other,  light  Baum6  de- 
grees. 

1  hydrometer  cyhnder. 

1  alcoholometer. 

1  set  Lovi's  beads. 

1  Mohr-Westphal  balance. 

1  prescription  balance. 

1  less  accurate  scale. 

1  package  (100)  4-inch  white  filter-paper. 

2  packages  (200)  6-inch  white  filter-paper. 
1  small  rolling-pin. 

1  lozenge  cutter. 

1  suppository  mold  (for  6  suppositories). 
1  suppository  compressing  machine. 
1  tin  plaster  dipper. 


1  8-inch  spatula. 
1  4-oz.  funnel. 
1  2-oz.  funnel. 
1  4-oz.  beaker. 

1  2-oz.  beaker. 

2  1-pint  Florence  flasks. 
1  4-oz.  Erleimaeyer  flask. 

1  piece  wire  gauze  for  heating,  6  by  6 
inches. 

1  16-oz.  porcelain  evaporating  dish. 

2  2-oz.  evaporating  dishes. 

1  glass  rod,  3  feet  long  (to  be  cut  into 

lengths). 
1  length,  about  3  feet,  glass  tubing. 
1  8-oz.  Wedge  wood  mortar. 

1  1-pint  glass  percolator. 

2  8-oz.  wide-mouthed  bottles. 
1  pill  tile,  6  by  6  inches. 

1  60  Cc.  graduate. 

1  set  of  weights,  50  Gm.  down. 

24  test-tubes,  6  by  §  inches. 


Of  this  list,  the  Baum6  hydrometers,  Lovi's  beads,  Mohr-Westphal 
balance,  and  suppository  compressing  machine,  since  expensive  and 
not  absolutely  essential,  can  be  omitted.  The  set  from  8-inch  spat- 
ula on  can  be  purchased  for  about  seven  dollars. 
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The  material  needed  for  the  experiments  is: 


2  oz.  copper  sulphate.  2  oz. 

2  oz.  alum.  1  oz. 

i  lb.  ferrous  sulphate.  1  oz. 

i  lb.  sodium  sulphate.  i  oz. 

1  oz.  card  teeth.  1  oz. 

1  lb.  sugar,  granulated.  4  oz. 

1  oz.  benzoin.  1  oz. 

1  oz.  camphor.  1  oz. 

1  oz.  zinc  oxide  C.  P.  4  oz. 

1  lb.  gentian,  No.  30  powder.  1  lb. 

^  oz.  acetanilide.  1  oz. 

I  oz.  compound  extract  of  colocynth.  1  oz. 

I  oz.  calomel.  i  oz. 

I  oz.  resin  of  jalap.  2  oz. 

^  oz.  powdered  gamboge.  1  oz. 

I  oz.  phosphorus.  J  oz. 

1  oz.  powdered  althsea.  \  lb. 

1  oz.  powdered  glycyrrhiza.  |  lb. 

1  oz.  powdered  acacia.  |  oz. 
\  lb.  chloroform.  1  oz. 

2  oz.  powdered  potassium  chlorate.  \  oz. 
1  oz.  confectioner's  sugar.  2  oz. 

1  oz.  powdered  tragacanth.  1  oz. 
i  oz.  soft  extract  of  belladonna.  2  oz. 

2  oz.  butter  of  cacao.  1  oz. 
i  oz.  castor  oil.  1  oz. 

1  lb.  glycerin.  J  oz. 

2  oz.  monohydrated  sodium  carbonate.  J  lb. 
J  oz.  stearic  acid  |  oz. 
1  oz.  spermaceti.  i  oz. 
1  oz.  white  wax. 


oil  of  sweet  almond. 

rose  water. 

powdered  borax. 

mercury. 

rose  honey. 

cod  liver  oil. 

rectified  oil  of  turpentine. 

unslaked  lime. 

ammonia  water,  10  per  cent. 

sulphuric  acid  C.  P. 

potassium  iodide. 

chlorinated  lime. 

magnesium  carbonate. 

citric  acid. 

sodium  bicarbonate. 

mossy  zinc. 

hydrochloric  acid. 

nitric  acid. 

precipitated  zinc  carbonate. 

honey. 

iodine. 

lead  acetate. 

litharge. 

olive  oil. 

rosin. 

yellow  wax. 

corrosive  sublimate. 

lard. 

bismuth  subnitrate. 

white  castile  soap. 


CHAPTER   LIX 

GALENIC  PREPARATIONS 

THERMOMETER  TESTING 

Boiling-point  of  Water. — Take  two  thermometers,  one  with  Fahren- 
heit and  the  other  with  Centigrade  scale.  Suspend  each  in  pint 
flask,  which  should  rest  on  wire  gauze  or  ring,  high  enough  to  permit 
a  flame  of  Bunsen  burner  underneath.  Have  in  the  flask  about  150  Cc. 
water,  and  do  not  let  the  thermometers  dip  below  the  surface  of  the 
water. 

Apply  heat,  and  when  water  boi^s  and  a  goodly  amount  of  steam 
is  passing  from  the  flask,  read  the  height  of  mercury  in  each  ther- 
mometer. The  Fahrenheit  will  read  about  210°;  the  Centigrade, 
about  98°.  If  much  below  these  points,  it  is  likely  due  to  part  of  the 
thermometer  being  outside  the  flask  and  beyond  influence  of  steam 
zone.  To  insure  full  action  of  steam,  the  neck  of  the  flask  may  be 
lengthened  by  means  of  a  roll  of  stiff  paper  or  by  inverting  over  flask 
a  narrow  glass  percolator.  The  latter  method  is,  however,  not  highly 
satisfactory,  first  because  of  danger  of  cracking  percolator;  second, 
because  the  condensed  steam  drops  on  outside  of  flask. 


M 
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Note.—Wa.teT  boUs  at  212°  F.  or  100°  C.  at  sea-level,  or  at  the 
atmospheric  pressure  equal  to  760  millimeters  of  mercury.  (See 
p.  86.)  If  the  thermometer  is  tested  in  a  high  building  or  at  any 
place  higher  than  sea-level,  the  boiling-point  will  be  less  than  the 
standard. 

There  is  no  mathematic  formula  expressing  relation  of  boiling- 
point  to  atmospheric  pressure  which  can  be  considered  a  true  law, 
but  Regnault  worked  out  a  table  of  boiling-points  under  different 
pressures  which  can  here  be  condensed  to  the  following  four  lines: 

Barometric  pressure.  Boiling-point  of  water. 

91.92  mm.  50°  C. 

525.45  mm.  90°  C. 

760.00  mm.  100°  C. 

1520.00  mm.  120.4°  C. 

To  this  can  be  added  the  statement  that  an  ascent  of  1080  feet  makes 
a  decrease  in  the  boiling-point  of  water  of  1°  C. 

Melting-point  of  Ice. — Put  four-ounce  funnel  into  iron  ring  attached 
to  filtering  stand  and  place  two-ounce  beaker  beneath  it.  Break  ice 
into  pieces  about  size  of  a  pea,  and  fill  funnel  with  same.  Insert  in 
midst  of  ice  the  two  thermometers  used  in  boiling-point  experiment, 
and  let  stand  five  or  ten  minutes;  then  take  out  and  read  quickly. 
The  Fahrenheit  thermometer  should  read  32  degrees — the  Centigrade, 
zero  degrees. 

SPECIFIC  GRAVITY  OF  LIQUIDS 

First,  estimate  specific  gravity  as  follows: 

Take  a  one-ounce  graduate  and  carefully  tare  it.  "Tare"  means 
to  counterbalance  it — to  put  on  the  other  scale  just  enough  weights 
so  that  it  will  be  exactly  balanced. 

Now,  very  carefully  measure  into  it  exactly  one  fluidounce  of  water 
(distilled,  if  possible)  and  note  how  many  grains  the  water  weighs. 

Then  weigh  in  similar  manner  one  fluidounce  of  alcohol.  Estimate 
its  specific  gravity  by  comparison  of  its  weight  with  the  weight  of  the 
fluidounce  of  water,  and  then  looking  in  the  back  of  the  pharma- 
copoeia or  dispensatory,  find  the  table  showing  alcoholic  strength 
according  to  specific  gravity  (commonly  called  alcohol  table),  and 
deduce  from  the  specific  gravity  what  the  strength  of  the  alcohol  is. 

Lastly,  find  the  weight  of  a  fluidounce  of  glycerin  and  work  out 
its  specific  gravity  from  this  weight,  remembering  always  that  specific 
gravity  is  the  relative  weight  of  a  body  as  compared  to  the  weight  of 
an  equal  bulk  of  water. 

Then  do  same  work  more  accurately  by  means  of  pyknometer. 
(See  p.  48.)     The  necessary  data  to  be  obtained  are  as  follows: 

Water. — Weight  of  pyknometer  _  

Weight  of  pyknometer  filled  with  water    

A.  Weight  of  water  held  by  pyknometer  

Alcohol. — Weight  of  pyknometer  ^  

Weight  of  pyknometer  filled  with  alcohol 

B.  Weight  of  alcohol  held  by  pyknometer       

Glycerin. — Weight  of  pyknometer  ^ 

Weight  of  pyknometer  filled  with  glycerin 

c.  Weight  of  glycerin  held  by  pyknometer     
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Calculations. — Since  the  same  pyknometer  is  used  in  each  case, 
and  since  specific  gravity  means  how  many  times  heavier  than  water 
is  a  certain  substance,   we  find  the  specific  gravity  of  alcohol  by 
dividing  weight  of  alcohol  by  weight  of  same  volume  water: 
B      -^      A     =     sp.  gr.  of  alcohol; 


and  we  find  the  specific  gravity  of  glycerin  by  dividing  its  weight 
by  weight  of  same  volume  of  water. 

c     -j-      A     =     sp.  gr.  of  glycerin. 


Oil  of  Turpentine., — Lastly,  fill  pyknometer  with  oil  of  turpentine, 

and  from  the  weight  of  turpentine  deduce  the  specific  gravity  of  that 

liquid,  viz.: 

Weight  of  pyknom-         by  weight  of  pyk-  specific  gravity. 

eter  filled  with  tur-    -7-   nometer  filled  with   =    (How     many    times 

pentine  water  the  oil  of  turpentine 

is       heavier       than 
water.) 


Be  sure  to  wash  the  pyknometer  carefully  after  the  turpentine  experi- 
ment until  free  from  the  odor  of  that  oil. 

Remarks. — In  weighing,  give  value  to  centigrammes.    • 

Use  distilled  water  in  all  specific  gravity  experiments.  In  weighing 
the  empty  pyknometer,  be  sure  it  is  absolutely  dry  (wipe  it  with  clean 
handkerchief)  both  inside  and  out. 

In  filling  it  with  any  liquid  be  sure  to  have  no  air-bubbles  in  the 
liquid  and  to  have  it  completely  filled  up  to  top  of  capillary  orifice 
in  stopper.  The  latter  is  accomplished  by  filling  almost  to  top  of 
neck  of  pyknometer,  and  then  suddenly  and  evenly  plunging  the 
stopper  into  the  neck.  The  excess  of  liquid  passes  through  capillary 
to  top  of  stopper,  and  is  carefully  wiped  off  with  a  piece  of  filter-paper. 
The  entire  pyknometer  is  then  carefully  wiped  with  a  clean  handker- 
chief and  then  weighed. 

In  wiping  the  pyknometer  after  wiping  tops  of  stopper  the  heat  of 
hand  may  cause  expansion  of  liquid,  which  will  rise  through  capillary 
to  top  of  stopper.  Do  not  wipe  off  this  excess,  but  weigh  it  on  top 
of  stopper. 

After  weighing,  empty  out  liquid  and  carefully  wash  out  pyknometer 
with  water  (and  alcohol  if  necessary),  and  dry  perfectly  before  filling 
with  another  liquid.  Water,  if  present,  will  contaminate  the  other 
liquid. 

In  accurate  work  the  temperattire  at  which  pyknometer  is  filled 
should  be  noted,  and,  if  possible,  the  liquid  should  be  at  25°  C. 

SPECIFIC   GRAVITY  OF  LIQUIDS  WITH  HYDROMETER 

Take  three  tall  cylinders  and  fill  about  three-quarters — the  first 
with  water,  the  second  with  alcohol,  the  third  with  glycerin. 

Take  two  hydrometers  (p.  49),  one  for  heavy  liquids,  the  other 
for  light  liquids,  and  note  to  which  degree  the  hydrometer  sinks  in 
each  liquid — the  line  just  appearing  at  the  surface  of  liquid. 
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Degrees  light.  Degrees  heavy. 


Water     —  

Alcohol 

Glycerin 

These  are  "degrees  Baum^,"  and  calculate  therefrom  by  process 
given  on  p.  50  the  specific  gravity  of  each  liquid.  From  the  specific 
gravity  of  the  alcohol  deduce  by  means  of  alcohol  table  given  in  the 
pharmacopoeia  its  alcoholic  percentage. 

Remarks. — Be  sure  that  each  cylinder  is  perfectly  clean  and  dry 
before  pouring  liquids  in,  so  that  each  liquid  can  be  returned  to 
container  after  the  estimations,  absolutely  pure.  In  the  same  way 
carefully  clean  and  dry  each  hydrometer  before  transferring  to  another 
liquid. 

Avoid  air-bubbles  in  putting  hydrometers  into  liquids,  as  air  is 
lighter  than  the  liquids  and  air-bubbles  vitiate  results. 

As  the  principle  of  the  action  of  the  hydrometer  is  fully  explained 
on  p.  49,  nothing  but  the  actual  operation  is  here  given. 

With  Alcoholometer. — Take  very  tall  cylinder, — a  long  narrow 
percolator  with  cork  in  neck  does  quite  nicely  at  a  pinch, — and  fill 
about  nine-tenths  with  alcohol.  Sink  therein  the  alcoholometer 
(p.  50)  and  note  point  at  which  it  floats.  Note  the  two  scales  on 
the  alcoholometer — one  the  alcoholic  percentage,  the  other,  its  value 
in  "proof."     For  "proof"  valuation  see  p.  657. 

With  Levi's  Beads. — Throw  a  handful  of  Lovi's  beads  into  water 
in  a  pint  graduate.  Some  will  sink,  some  will  float  on  surface,  and 
perhaps  one  will  float  midway  in  liquid.  Take  out  those  on  the 
surface  and  all  will  be  found  to  have  specific  gravity  less  than  water; 
those  which  have  sunk  have  specific  gravity  greater  than  water,  while 
the  one  floating  will  be  the  specific  gravity  of  water.  Carefully  dry 
and  repeat  with  any  other  liquid  if  desired. 

With  Mohr's  Balance. — Take  Mohr's  balance  (p.  52)  and  note  that 
the  sinker  in  air  is  exactly  counterpoised  by  weight  on  other  end. 
Put  water  into  cylinder,  and  immerse  sinker  therein.  Note  that  the 
buoyant  force  of  the  water  presses  sinker  upward.  Place  largest 
weight  on  notch  directly  over  place  from  which  sinker  is  suspended, 
when  equilibrium  will  be  restored.  If  desired,  the  volume  of  the 
sinker  can  be  measured  by  sinking  it  into  water  contained  in  a  burette 
and  noting  rise  of  water;  the  weight  of  weight  which  restores  equilib- 
rium may  then  be  taken,  in  which  event  it  will  be  found  that  the 
volume  of  the  sinker,  expressed  in  cubic  centimeters,  is  just  the  same 
as  number  of  grammes  that  the  weight  weighs. 

(The  portion  of  the  work  just  given  is  optional.) 

Having  gotten  the  balance  into  equilibrium  by  placing  weight  in 
notch  over  point  of  suspension,  take  sinker  out  of  water,  dry,  and 
immerse  in  alcohol.  It  will  then  be  found  that  the  weight  and  sinker 
are  heavier  than  the  buoyant  force  of  the  alcohol.  Move  weight  to 
next  notch  toward  middle  of  beam  (nine-tenths  the  distance  between 
central  knife-edge  and  point  of  suspension  of  sinker).  It  will  still 
be  too  heavy.  Move  to  next  notch  (eight-tenths  the  total  distance). 
That  will  be  a  trifle  too  light,  showing  that  the  alcohol  is  something 
over  eight-tenths  as  heavy  as  water  (over  sp.  gr.  0.800).  Use  the 
two  smaller  weights — one  one-tenth  as  heavy  as  the  first,  the  other 
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one-tenth  as  heavy  as  the  second.  The  number  of  notch  on  which  the 
second  will  all  but  produce  equilibrium  will  give  the  second  decimal 
point  of  the  specific  gravity  (thus,  if  it  all  but  balances  on  notch 
No.  2,  the  specific  gravity  will  be  0.820).  Then,  with  the  third 
weight,  bring  balance  to  perfect  equilibrium,  and  use  this  notch 
number  as  the  third  decimal  point  place. 

Immerse  dried  sinker  into  glycerin,  and  weigh  as  before.  It  will 
be  found  that  this  liquid  will  buoy  up  the  beam  even  when  the  heaviest 
weight  is  placed  in  the  notch  directly  over  the  point  of  suspension  of 
the  sinker;  that  the  buoyant  force  of  glycerin  is  greater  than  that  of 
water.  Therefore,  leaving  the  heaviest  weight  on  the  notch  over 
point  of  suspension  of  sinker,  where  it  represents  the  specific  gravity 
1.000,  take  the  mate  to  the  heaviest  weight  and  place  it  on  the  notch 
where  it  most  nearly  balances  the  beam — if,  when  on  notch  three, 
it  is  too  heavy,  then  put  it  on  notch  two,  and  if  this  is  a  trifle  too 
light,  consider  the  specific  gravity  as  1.20,  and  fill  out  the  second  and 
third  weights  on  the  appropriate  notches  as  in  the  alcohol  experi- 
ment.    In  this  way  deduce  the  specific  gravity  of  glycerin. 

Specific  Gravity  of  Solids. — As  learned  on  p.  53,  the  two  important 
methods  of  taking  the  specific  gravity  of  solids  are,  first,  comparing 
the  weight  of  a  solid  to  the  weight  of  an  equal  volume  of  water,  and, 
second,  by  dividing  weight  in  air  by  loss  of  weight  of  the  solid  in 
water.  In  the  latter  case  we  divide  by  loss  of  weight  in  water  because, 
according  to  the  Archimedes  theorum  (p.  54),  loss  of  weight  in  water 
equals  the  weight  of  water  displaced  when  the  body  is  immersed  in 
water;  also  equals  the  weight  of  a  bulk  of  water  equal  to  bulk  of  body 
immersed. 

The  first  part  of  the  following  work  is  given  in  the  hope  of  proving 
the  Archimedes  theorum  to  the  student: 

1.  Take  20  Gm.  brass  weight  and  weigh  in  air  with  other  weights 
to  prove  it  is  20  Gm. 

Then  take  test-tube  and  half  fill  it  with  water,  marking  water- 
level  by  a  scratch  with  a  file  or  with  a  piece  of  string  or  rubber  band. 
Then  sink  therein  the  20  Gm.  brass  weight,  to  which  a  silk  thread  is 
attached.  The  water  will  rise,  the  amount  displaced  being,  of  course, 
exactly  equal  to  the  bulk  (the  volume)  of  the  weight.  Mark  point 
to  which  water  rises  as  the  original  level  of  water  was  marked.  Then 
remove  weight  carefully,  bring  water  in  test-tube  to  original  level  if 
any  is  lost  in  removing  weight,  and  pour  in  water  from  graduate  to 
highest  mark,  and  thus  measure  in  cubic  centimeters  the  amount 
of  water  displaced. 

Since   1   Cc.   distilled  water  weighs   1   Gm.  we  can  put  down — 

20  Gm.  brass  weight  displaces Cc.  water. 

has  same  volume  as Cc.  water. 

has  same  volume  as Gm.  water. 

Since  specific  gravity  is  telling  how  many  times  heavier  a  sub- 
stance is  than  the  same  bulk  of  water,  we  can  deduce  the  specific 
gravity  of  the  brass  thus: 
Weight     of     brass  Weight      of      same 

(20  Gm.)  -f-     volume  of  water     =   Sp.  gr.  of  brass. 

Now,  take  same  brass  weight,  hang  to  the  hook  from  which  the  scale 
of  the  balance  is  suspended,  immerse  in  water  contained  in  a  beaker 
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held  independent  of  the  hanging  scale  pan,  and  weigh  immersed  in 
water. 

As  in  the  experiment  with  the  Mohr's  balance,  it  will  be  seen  that 
the  brass  weighs  less  in  water  than  in  air,  due  to  the  buoyant  force  of 
the  water.  Weight  in  air  minus  weight  in  water  equals  loss  of  weight 
in  water. 

If  the  operation  is  conducted  with  care,  it  will  be  found  that  the 
loss  of  weight  of  ^  brass  in  water  is  exactly  the  same  as  the  weight  of  the 
water  displaced  in  the  previous  experiment,  thus  proving  the  Archi- 
medes theorum.  Lastly,  the  loss  of  weight  in  water  equals  the  weight 
of  an  equal  bulk  of  water,  hence,  when  more  convenient,  instead  of 
finding  the  weight  of  an  equal  bulk  of  water  by  the  test-tube  experi- 
ment, we  can  weigh  the  substance  in  water  and  deduce  specific  gravity 
as  follows: 
Weight  brass  in  air  -f-  Loss  weight  brass  in  water  =  Sp.  gr.  of  brass. 

Specific  Gravity  of  Wax. — To  estimate  the  specific  gravity  of  a 
body  by  "loss  of  weight  in  water,"  the  substance  must  be  completely 
immersed.  Wax  and  many  other  substances  float  on  water,  and  to 
get  the  specific  gravity  of  such  a  body,  it  has  to  be  forced  beneath  the 
surface  of  water  by  means  of  an  appropriate  weight,  say  the  20  Gm. 
weight  of  the  preceding  experiment.  The  loss  in  weight  of  such  a 
sinker  under  water  then  enters  into  the  calculation,  rendering  it 
somewhat  more  difficult,  as  the  following  data  must  be  taken: 

Weight  of  wax  in  air Gm. 

Weight  of  20  Gm.  brass  weight  in  air Gm. 

Weight  of  both  together  in  air Gm. 

Weight  of  both  together  in  water Gm. 

Loss  of  weight  of  both  together  in  water Gm. 

Loss  of  weight  of  brass  alone  in  water Gm. 

Loss  of  weight  of  wax  alone  in  water Gm. 

Then  apply  rule: 
Weight  of  wax  in  air  -r-  Loss  of  weight  of  wax  in  water=  Sp.  gr.  of  wax. 

Remarks. — In  performing  this  experiment,  the  wax  must  be 
firmly  attached  to  the  silk  thread  by  which  the  brass  weight  is  sus- 
pended, and  both  immersed  well  under  water,  as  in  the  foregoing  ex- 
periment. In  all  cases  of  this  kind  great  care  must  be  exercised  in 
removing  all  air-bubbles  from  the  immersed  solids,  as  such  bubbles 
render  the  solids  more  buoyant,  and  hence  vitiate  the  results. 

When  wax  data  are  worked  out,  there  will  be  noticed  what  seems 
at  first  an  astonishing  fact — that  the  wax  loses  more  weight  in  water 
than  it  actually  possessed  in  air.  This  can,  however,  be  understood  if 
we  remember  that  weight  is  a  purely  relative  state;  that  it  represents 
the  downward  force  of  the  earth's  gravitation  exerted  on  a  solid  with 
naught  but  the  air  to  interpose.  On  the  other  hand,  when  immersed 
in  water,  the  buoyant  force  of  that  liquid — the  repelling  force  of  its 
molecules — pushes  the  solids  up  the  same  time  that  gravitation  is 
drawing  it  down. 

In  the  case  of  solids  lighter  than  water,  the  upward  force  of  the 
water  is  greater  than  the  downward  force  of  the  earth;  hence  the 
"loss  of  weight  in  water"  is  greater  than  "the  weight  in  air." 
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Specific  Gravity  of  Alum. — Many  solids  dissolve  in  water,  and 
these  cannot  be  weighed  in  water,  hence  in  such  cases  the  specific 
gravity  of  such  solids  must  be  determined  by  weighing  the  solid  in  some 
liquid  in  which  it  will  not  dissolve.  In  this  case  we  employ  the  oil 
of  turpentine,  the  specific  gravity  of  which  has  just  been  taken  with' 
the  pyknometer. 

The  alum  suspended  by  silk  thread  is  weighed  in  air,  then  is 
immersed  in  a  beaker  containing  oil  of  turpentine,  and  weighed, 
when  we  get  the  following  data: 

Weight  of  alum  in  air  Gm. 

Weight  of  alum  in  turpentine Gm. 

Loss  of  weight  of  alum  in  turpentine Gm. 

If  we  divide  the  weight  of  the  alum  in  air  by  its  loss  of  weight  in 
turpentine,  we  find  how  many  times  heavier  it  is  than  oil  of  turpen- 
tine. This  we  do  not  care  to  know;  what  we  want  to  know  is,  how 
many  times  heavier  it  is  than  water;  hence  we  must  indirectly  estim.ate 
what  the  loss  of  weight  of  the  alum  would  be  in  water.  This  we  can 
figure  out  by  the  following  proportion: 

f  as  the  sp.  gr.  "t  .   /  to  the  sp.  gr.  )  „„  /  the  loss  of  weight  \  ;„  /  to    the   loss  of  \ 
\  of  turpentine  }^\      of  water       J       t      in  turpentine      J      \  weight  in  water  / 

:  1.000  ::  :  X 

a  b  c 

X    =  ^>^ 
a 

Having  thus  deduced  loss  of  weight  of  alum  in  water,  we  estimate  its 
.specific  gravity  by  the  regular  rule: 
Weight  in  air  of  alum   -^   Loss  of  weight  in  water  =  Sp.  gr.  of  alum. 

PHARMACEUTIC  MANUFACTURING 
MAKE  GRANULATED  COPPER  SULPHATE 

Copper  sulphate 25  Gm. 

Water 35  Cc. 

Put  copper  sulphate  into  pint  flask,  add  the  water,  and  dissolve 
by  aid  of  heat,  putting  flask  over  Bunsen  burner  on  wire  gauze.  When 
dissolved,  filter  through  plaited  filter  into  pint  evaporating  dish. 
Put  dish  on  wire  gauze,  and  evaporate  with  constant  stirring  until 
pellicle  forms  on  surface.  Then  take  from  heat  and  stir  constantly 
until  cold.  Throw  mass  on  plain  filter,  and  when  mother  liquor  has 
drained  off,  open  filter  and  dry  granules  between  sheets  of  paper. 

Notes. — Folding  plaited  paper  see  p.   130. 

Pellicle. — The  "scum"  of  crystals  forming  on  surface  of  the 
evaporating  liquid. 

Plain  Filter. — See  page  130. 

Wet  both  filters  with  water  before  using. 

Avoid  formation  of  white  powder  (the  exsiccated  salt)  on  edges 
of  the  liquid. 

The  mother  liquor,  after  filtration,  can  be  thrown  away.  (See 
p.  145.)  Avoid  use  of  iron  spatula  in  all  this  work  with  chemicals. 
Use  glass  rod  whenever  possible. 
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MAKE  GRANULATED  ALUM 

Alum 25  Gm. 

Water 25  Cc. 

Dissolve  the  alum  in  the  water  in  pint  flask,  as  directed  in  granu- 
lated copper  sulphate,  filter  into  pint  evaporating  dish,  and  evaporate 
on  wire  gauze  with  constant  stirring  until  pellicle  forms.  Collect 
granules  on  plain  filter — in  short,  treat  exactly  as  granulated  copper 
sulphate. 

Remarks. — The  only  additional  precaution  is  to  avoid  evaporating 
too  far,  as  a  sticky  mass  (partially  exsiccated  alum)  will  result. 

MAKE  GRANULATED  POTASSIUM  CHLORATE 

Dissolve  25  Gm.  potassium  chlorate  in  65  Cc.  water  in  pint  flask, 
filter  through  plaited  filter  into  pint  evaporating  dish,  and  evaporate 
on  water-bath  until  pellicle  forms.  Stir  until  cold,  and  collect  granules 
on  plain  filter  as  in  granulated  copper  sulphate. 

Remarks. — Water-bath. — See  p.  75. 

Used  because  the  chlorate  must  not  be  heated  intensely,  lest  it 
decomposes;  — KC103  =  KCl+30. 

Note  the  different  solubility  of  these  three  salts  in  hot  water 

MAKE  GRANULATED  FERROUS  SULPHATE 

Copperas 25  Gm. 

Water 25  Cc. 

Diluted  sulphuric  acid i.25  Cc.  (about  20  drops). 

Card  teeth suflBicient  quantity. 

Alcohol 6  Cc. 

Place  the  ferrous  sulphate  in  pint  flask,  add  the  water  mixed  with 
the  acid,  and  lastly  add  a  pinch  of  card  teeth;  warm  gently  on  wire 
gauze  over  Bunsen  burner  until  dissolved  and  the  solution  is  a  green 
color.  Then  filter  through  plaited  filter  into  tared  evaporating  dish, 
and  evaporate  on  sand-bath  until  the  liquid  weighs  38  Gm.  Then 
stir  constantly  until  cool  and  throw  mass  on  to  funnel  stopped  with 
plug  of  absorbent  cotton. 

When  the  granules  are  completely  drained  of  the  mother  liquor, 
pour  the  alcohol  on  the  granules,  and  when  this  is  drained,  throw 
granules  on  filter-paper  and  dry  quickly  without  aid  of  heat. 

Remarks. — This  is  practically  the  official  process  for  making 
Ferri  Sulphas  Granulatus,  U.  S.  P.     (See  p.  554.) 

Card  teeth  are  pieces  of  bright  iron  wire,  and  a  "pinch"  means 
2  to  5  Gm.  When  these  are  added  to  the  solution  in  the  presence  of 
the  acid,  hydrogen  is  produced  (note  evolution),  and  this  reduces  any 
ferric  sulphate  present  in  the  copperas  to  ferrous  sulphate.  This 
change  is  easily  noted  in  the  conversion  of  the  brownish  liquid  to  a 
pure  green  tint. 

Tared  dish  means  that  the  evaporating  dish  must  first  be  weighed, 
and  it  is  well  to  mark  with  lead-pencil  its  weight  on  the  outside  of 
the  dish.  The  liquid  is  then  evaporated  until  dish  and  contents 
weigh  the  weight  of  the  dish  plus  38  Gm. 

Sand-bath. — Any  flat  dish  containing  sand  will  do.     (See  p.  73.) 

Collection  of  Granules. — Observe,  instead  of  using  a  plain  filter, 
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the  granules  are  collected  on  a  plug  of  cotton  in  neck  of  funnel.     This 
is  to  get  the  water  off  as  quickly  as  possible,  since  green  ferrous 
fV       sulphate  is  very  easily  converted  (at  least  partially)  into  red-brown 
^    ferric  sulphate,  especially  when  water  is  present. 

"^  WashTng  with  alcohol  is  done  to  remove  last  traces  of  water,  and 
the  granules,  when  thrown  on  filter-paper,  are  wet  with  alcohol  and 
not  with  water.  Alcohol  being  more  volatile,  the  granules  dry  more 
quickly. 

Dnj  at  Low  Heat. — No  artificial  heat  must  be  used,  else  the  green 
granules  will  change  to  a  white  powder — to  the  effloresced  salt.  So 
soon  as  dry,  the  granules  should  be  bottled. 

Granular  salts  are  preferable  to  crystals  in  prescription  work, 
because  more  easy  to  weigh  and  to  dissolve.  They  usually  save  the 
necessity  of  powdering  in  a  mortar. 

MAKE  CRYSTALLINED  SODIUM  SULPHATE 

Dissolve  50  Gm.  sodium  sulphate  in  20  Cc.  warm  water  (not  boiling) 
in  pint  flask,  and  filter  into  beaker  glass.  Let  stand,  and  note  sudden 
formation  of  crystals  with  evolution  of  some  heat.  Let  stand  until 
next  day,  and  then  collect  crystals  on  plain  filter  and  dry.  The 
mother  liquor  which  drains  off  may  be  evaporated  some  and  may 
yield  another  batch  of  crystals,  though  not  so  fine  nor  so  pure  as  the 
first. 

Remarks. — The  sudden  formation  of  crystals  occurs  only  when 
conditions  are  just  right.     (See  p.  475.) 

Filtration. — In  all  cases  where  filtration  is  for  the  purpose  of 
clearing  a  liquid,  a  plaited  filter  is  used.  In  case  the  solid  part — be  it 
in  the  form  of  granules,  crystals,  or  precipitates — are  wanted,  plain 
filters  are  employed.  (See  p.  130.)  Whenever  aqueous  liquids  are 
to  be  filtered,  the  filter-paper  should  be  first  wet  with  water. 

MAKE  CRYSTALLINE  FERROUS  SULPHATE 

Put  25  Gm.  copperas  in  pint  flask,  and  add  thereto  25  Cc.  water 
and  5  Cc.  diluted  sulphuric  acid  and  a  pinch  of  card  teeth,  and  dissolve 
with  gentle  heat.  Filter  into  beaker,  and  put  in  a  pinch  of  card 
teeth  and  let  stand  until  good  "crop"  of  crystals  are  obtained.  (Say, 
one  to  three  days.)     Collect  these  on  plain  filter  and  dry. 

Remarks. — This  process  resembles  making  granulated  ferrous 
sulphate,  for  remember  that  granules  are  merely  minute  crystals. 
(See  p.  148.) 

Card  teeth  are  added  to  filtered  liquid  to  keep  the  crystallizing 
ferrous  sulphate  from  being  oxidized  to  ferric  sulphate.  They  should 
be  carefully  removed  from  the  finished  crystals. 

The  mother  liquor  may  be  concentrated;  when  more,  but  poorer, 
crystals  are  obtained. 

MAKE  ROCK  CANDY 

Dissolve  25  Gm.  sugar  in  10  Cc.  water  by  means  of  gentle  heat 
in  Erlenmeyer  flask;  transfer,  without  filtering,  into  test-tube,  stick  a 
glass  rod  or  piece  of  twine  therein,  and  let  stand  several  days.  The 
sugar  will  crystallize  on  sides  of  tube  and  on  rod  in  large  crystals. 
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Remarks. — The  sugar  solution  (syrup)  is  too  thick  to  filter. 
Rock  candy  is  made  commercially  by  pouring  such  a  thick  syrup  into 
wooden  vats  containing  frames  strung  with  cord,  and  the  sugar  in 
crystallizing  deposits  on  the  cords,  making  the  rock  candy  in  strings. 
The  cord  acts  as  a  nucleus.     (See  p.  145.)  ■.. 

MAKE  EXSICCATED  ALUM,  U.  S.  P. 

Recipe. — Alum,  in  small  pieces 20  Gm. 

To  make . .       11  Gm. 

Place  the  alum  in  a  tared  shallow  porcelain  dish  so  as  to  form  a 
thin  layer,  and  heat  it  on  a  sand-bath  until  it  liquefies.  Then  con- 
tinue the  application  of  a  moderate  heat,  with  constant  stirring,  until 
aqueous  vapor  ceases  to  be  disengaged,  and  a  dry,  white,  porous  mass 
weighing  11  Gm.  is  obtained.  When  cold,  reduce  the  product  to  a 
fine  powder,  and  preserve  it  in  well-stoppered  bottles. 

Remarks. — Exsiccation  is  driving  off  water  of  crystallization  from 
a  crystal,  and  is  here  directed  to  be  performed  to  show  the  student 
that  a  dry  crystal  does  contain  water,  and  that  in  large  amounts 

On  heating,  the  crystal  liquefies  by  dissolving  in  the  crystal  water 
and  on  further  heating  the  water  can  be  seen  to  vaporize,  and 
wanted,  the  steam  can  be  condensed  on  some  cold  surface.  The  loss 
of  water  is  shown  in  the  fact  that  20  Gm.  of  crystal  alum  yields  only 
1 1  Gm.  dried  alum,  representing  a  loss  of  9  Gm.  of  water,  or  45  per  cent. 
— ^X 100  =  45  per  cent. 

What  is  the  actual  percentage  of  water  in  K2Al2(S04)4  +  24H20. 
Estimation  by  molecular  weight  (p.  378). 

The  dish  must  be  tared  and  the  mass  heated  until  it  weighs 
11  Gm.  plus  weight  of  dish.  Be  sure  to  wipe  all  sand  off  dish  before 
weighing,  and  also  scrape  all  adhering  alum  from  stirring  rod  and  put 
into  dish. 

Stirring  the  tough  mass  is  a  matter  of  some  difficulty.  Best  accom- 
plished by  holding  a  glass  rod  firmly  down  across  top  of  dish  and 
stirring  with  a  smaller  rod. 

MAKE  EXSICCATED  FERROUS  SULPHATE.  U.  S.  P. 
Recipe. — Ferrous  Sulphate,  in  coarse  powder 20  Gm. 

Allow  the  salt  to  effloresce  at  a  temperature  of  about  40°  C. 
(104°  F.),  in  dry  air,  and  then  heat  it  in  a  porcelain  dish,  on  a  water- 
bath,  constantly  stirring,  until  the  product  weighs  about  13  Gm. 
Lastly,  reduce  the  residue  to  a  fine  powder,  and  transfer  it  at  once  to 
perfectly  dry,  well-stoppered  bottles. 

Remarks. — Effloresce,  losing  water  of  crystallization  at  low 
temperatures  (p.  148).  Effloresce  and  finally  exsiccate  at  low  tem- 
perature, to  avoid  possible  oxidation. 

Note  change  from  green  crystals  to  a  gray-white  powder. 

Note  loss  in  weight  from  20  Gm.  to  13  Gm.,  a  loss  of  7  Gm.  water, 
or  35  per  cent.  (^X 100  =  35). 

This  is  not  all  the  water  in  the  crystals.  Estimate  by  molecular 
weight  percentage  of  water  in  FeS04  +  7H20. 
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SUBLIME  BENZOIC  ACID 

Take  benzoin  (say,  5  to  10  Gm.),  rub  with  about  twice  the  quantity 
of  sand,  and  put  in  tin  ointment  box.  Cover  with  paper  cornu- 
copeia,  and  heat  on  sand-bath  not  exceeding  120°  C.  for  an  hour. 
Then  open  paper  and  note  small  shining  crystals  (Fig.  246). 

Remarks. — Sublimation.     (See  p.  105.) 

For  condensing  the  vapor  of  solids,  cool  air  is  usually  sufficient. 
Avoid  high  heat,  as  it  causes  decomposition,  with  formation  of  very 
irritating  vapors. 

SUBLIME  CAMPHOR 

Take  lump  of  camphor  (5  to  10  Gm.)  and  put  in  small  evaporating 
dish.  Cover  same  with  small  inverted  funnel,  which  should  fit  inside 
the  dish,  and  place  over  neck  of  same  the  beaker.  Place  on  water- 
bath  and  heat.  The  camphor  sublimes,  and  its  vapors  condense  in 
funnel  and  beaker  in  handsome  crystals  (Fig.  106). 

POWDER  FOLDING  AND  WRAPPING 

Camphor 5  Gm.  (powder  with  a  few  drops  of  alcohol). 

Zinc  oxide 5  Gm. 

Triturate  together  in  mortar,  divide  by  eye  into  12  papers,  fold, 
put  into  box,  and  wrap  box,  making  neat  package. 

Remarks. — Powdering  camphor  is  an  example  of  pulverization  by 
intervention  (p.  117). 

Folding  of  Powder  Papers. — Crease  all  papers,  lay  down  evenly, 
and  proceed  as  on  p.  296. 

Wrap  box  in  paper  neatly,  as  explained  on  p.  298. 

The  division  of  the  powders  can  be  gotten  accurately  only  by 
weighing  each  separately.     In  this  case  each  powder  should  weigh — 

— j-^  =  —  Gm.,  or  0.83  Gm. 

The  process  is  not  difficult  after  one  becomes  expert  at  it.  In  this 
case  divide  by  eye  (see  p.  294),  and  then  prove  the  uncertainty  of 
this  plan  by  weighing  three  finished  powders  taken  at  random. 

DRUG   GRINDING 

Reduce  gentian  root  by  means  of  mill  or  iron  mortar  to  a  No.  30 
powder,  using  a  No.  30  sieve  in  the  work.  Take  50  Gm.  of  the  powder 
and  make  into  a  neat  package.     (See  p.  300.) 

MAKE  FLUIDEXTRACT  OF  GENTIAN 

Gentian 50  Gm. 

Diluted  alcohol,  U.  S.  P q.s. 

Put  drug  into  pint  evaporating  dish,  and  moisten  with  50  Cc. 
dilute  alcohol;  put  into  8-ounce  wide-mouthed  bottle,  cork,  and  let 
stand  forty-eight  hours.     Then  percolate. 

PERCOLATION 

Take  percolator,  put  cork  and  percolating  tubing  (p.  161)  into 
neck,  and  pour  water  in  to  see  if  it  leaks.  If  it  does  not  leak,  pour 
out  water,  remove  the  cork  and  tubing,  and  wipe  percolator  dry; 
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insert  plug  of  cotton  in  neck  of  percolator  and  a  layer  of  cotton  on 
that.  Then  pour  in  the  moist  gentian  and  pack  it  firmly  with  gentle 
and  uniform  pressure.  Then  cut  a  piece  of  filter-paper  so  as  to  fit 
inside  the  percolator,  and  place  this  on  top  of  the  packed  drug,  laying 
a  piece  of  glass — glass  stopper — on  top  to  hold  the  paper  down. 
Then  fit  the  rubber  tubing  and  cork  to  percolator  again,  place  perco- 
lator on  ring  (p.  157),  pour  on  the  drug  100  to  150  Cc.  diluted  alcohol, 
and  cover  top  of  percolator  in  some  way  to  prevent  evaporation. 
Place  percolator  tubing  into  8-ounce  wide-mouthed  bottle,  which  has 
been  previously  graduated  to  40  Cc.  Let  percolation  proceed  at  the 
rate  of  2  to  5  drops  a  minute,  regulating  the  flow  by  raising  the 
receiver  if  it.  runs  too  rapidly,  or  lowering  same  if  it  runs  too  slowly. 
When  40  Cc.  of  percolate  have  dropped  through,  let  the  percolate 
drop  into  pint  flask  and  cork  the  wide-mouthed  bottle  containing 
first  percolate,  labeling  it  "reserved  portion."  Continue  percolating 
into  pint  flask  until  the  drug  is  exhausted  (perhaps  more  than  a  pint 
of  percolate  will  be  necessary),  and  when  this  is  accomplished,  cork 
the  pint  flask  and  label  "weak  percolate."  It  is  needless  to  say  that 
as  the  first  menstruum  (the  diluted  alcohol)  passes  through  the  drug, 
more  menstruum  is  poured  on,  care  being  taken  always  to  have  some 
menstruum  covering  the  drug.  When  the  drug  is  exhausted,  the 
weak  percolate  is  to  be  distilled. 

Remarks. — Percolation. — For  full  description,  see  p.  155. 

Testing  Percolator  Fittings. — This  is  essential,  for  if  the  tube 
leaks,  the  percolation  will  prove  a  messy  business. 

Plug  with  Cotton. — This  can  best  be  done  with  a  long  glass  rod  or 
tube,  though  a  piece  of  wire  answers.  The  percolator  must  be  per- 
fectly dry. 

Handling  the  Drug. — Grind  to  only  No.  30  powder,  because  the 
cells  of  gentian  are  large,  and  most  of  them  are  ruptured  when  in  No. 
30  powder.     (See  p.  158.) 

Moistened  before  -packing,  so  as  to  permit  the  drug-cells  to  swell. 
If  put  in  percolator  dry  and  menstruum  then  poured  on,  the  drug 
swells  so  much  that  percolation  is  impeded.     (See  p.  158.) 

Pack  Drug  Evenly. — If  one  side  is  packed  more  loosely  than  the 
other,  the  menstruum  will  run  down  the  looser  side,  and  that  tightly 
packed  will  not  be  exhausted.  Uneven  packing  is  shown  in  the 
descent  of  the  first  menstruum  through  the  drug.  Should  pass  down 
in  a  perfect  ring.     (See  p.  159.) 

Percolation. — Do  not  pack  too  tightly,  else  the  percolate  will  drop 
too  slowly.  Sometimes,  under  these  circumstances,  the  percolate 
refuses  to  drop,  and  the  only  thing  to  do  is  to  empty  out  drug  a,nd 
pack  again.  Sometimes  the  percolate  can  be  "coaxed"  into  dropping 
by  applying  suction  at  end  of  tube,  or  by  filling  percolator  with 
menstruum.  If  the  first  40  Cc.  heavy  percolate  can  be  gotten  through, 
the  lighter  weak  percolate  will  usually  run  without  trouble. 

Filter-paper  on  top,  to  keep  upper  layer  of  powder  from  floating 
to  top  of  menstruum.     Glass  weight  holds  the  filter-paper  down. 

Reserve  First  Jfi  Cc. — If  properly  percolated,  the  first  40  Cc.  will 
contain  the  soluble  principles  of  about  40  Gm.  of  drug. 

Percolate  to  Exhaustion. — The  strength  of  the  remaining  10  Gm. 
of  drug  is  hard  to  remove,  requiring  about  ten  times  the  amount  of 
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menstruum  as  does  the  reserved  portion.  Percolate  until  the  drops 
of  liquid  are  only  a  faint  straw  color  and  almost  devoid  of  bitterness. 

Menstruum. — The  solvent  used  in  exhausting  drug.  In  this  case 
the  menstruum  is  diluted  alcohol,  U.  S.  P. — equal  volumes  of  alcohol 
and  water. 

Keep  Drug  Covered  with  Menstruum. — If  not,  the  menstruum  in 
the  upper  layers  evaporates,  leaving  fissures,  and  when  fresh  men- 
struum is  poured  on,  it  will  run  through  the  fissures  rather  than 
through  the  drug. 

Distillation  of  Weak  Percolate. — Fit  pint  flask  about  half  filled 
with  weak  percolate  with  a  cork,  bore  hole  through  cork  with  rat-tail 
file  or  with  cork-cutter,  and  in  this  hole  snugly  fit  a  piece  of  glass 
tubing  bent  to  an  angle  of  60  degrees;  pass  the  other  end  of  this  tube 
through  hole  in  a  cork,  fitting  into  neck  of  Liebig  condenser. 

Immerse  flask  in  water-bath,  preventing  direct  contact  with  bottom 
by  having  rest  on  wad  of  paper.  Connect  flask  and  condenser, 
fastening  latter  in  place  with  appropriate  clamps,  and  pass  a  stream 
of  water  through  condenser,  entering  from  the  lower  end  and  emerging 
from  top.  Get  water  either  from  water  main  or  by  syphoning  from 
pan  of  water  placed  on  shelf. 

Start  heat  under  water-bath  and  continue  lively  heat,  replenishing 
water  in  bath  when  necessary.  Collect  distillate  in  second  pint  flask, 
and  continue  distillation  until  over  half  of  the  weak  percolate  has 
distilled  over.  Then  pour  residue  in  pint  evaporating  dish,  and 
evaporate  on  water-bath  with  constant  stirring  until  residue  is  of  the 
consistency  of  soft  extract. 

Remarks. — Rig  up  distilling  apparatus  as  on  p.  95, 

For  glass  bending  and  cork  boring,  see  p.  98. 

Condensing  water  run  in  lower  end  of  condenser — not  the  upper 
end,  as  the  heated  water  rises  and  must  be  removed  from  highest 
level. 

Only  about  three-fourths  of  the  percolate  is  distilled,  since  percolate 
is  only  half  alcohol,  and  that  is  what  we  wish  to  save.  Since  the 
water  is  of  no  value,  we  evaporate  it  in  open  air,  as  it  will  evaporate 
more  quickly  that  way  than  by  distillation. 

The  alcoholic  strength  of  the  distillate  can  be  estimated  by  taking 
its  specific  gravity  and  referring  to  alcohol  table  in  the  pharmacopoeia. 

Do  not  have  the  distilling  flask  full  of  percolate,  as  it  will  distil 
too  slowly  or  froth  over  into  condenser.  If  you  have  a  pint  of  perco- 
late or  over,  add  same  to  distilling  fiask  in  portions,  pouring  in  new 
portions  as  that  part  already  in  flask  has  evaporated. 

Evaporate  Residue  with  Constant  Stirring. — Remember  that  the 
residue  is  now  aqueous,  and  that  you  cannot  boil  water  on  a  water- 
bath.  Remember  that  evaporation  below  the  boiling-point  can  be 
rapidly  accomplished  only  by  constant  stirring.  If  the  dish  is  left 
on  water-bath  without  stirring,  the  evaporation  will  be  very  slow. 

Finishing. — The  soft  extract  is  dissolved  in  the  reserve  portion, 
and  the  mixture  poured  into  a  graduate.  The  evaporating  dish  is 
washed  out  with  about  5  Cc.  diluted  alcohol,  and  this  poured  into  the 
graduate,  and  then  enough  diluted  alcohol  is  added  to  make  finished 
fluidextract  measure  50  Cc.  The  mixture  is  thoroughly  stirred, 
and  so  made  constitutes  Fluidextract  of  Gentian,  U.  S.  P. 
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Remarks. — The  weak  percolate  is  evaporated  to  soft  extract — most  of 
the  water  is  driven  from  it — lest  that  water  precipitate  some  of  the 
principles  dissolved  in  the  reserved  portion. 

The  finished  fluidextract  is  usually  filtered  after  standing  some 
months.  All  large  manufacturers  let  their  fluidextracts  thus  "age" 
for  from  six  months  to  a  year,  so  that  when  bottled  and  shipped,  no 
further  precipitation  is  apt  to  occur. 

MAKE   FLUIDEXTRACT  GENTIAN  BY  REPERCOLATION 

Repercolation. — In  making  a  fluidextract  by  repercolation,  the 
drug  is  to  be  of  the  fineness  directed  by  the  pharmacopoeia,  and  the 
menstruum  used  that  first  directed  by  the  U.  S.  P.  That  is,  in  some 
cases  the  pharmacopoeia  directs  in  making  a  fluidextract  by  partial 
evaporation  for  the  reserved  portion  a  menstruum  different  from 
that  required  for  the  weak  percolation;  thus  in  making  fluidextract 
of  pomegranate  the  pharmacopoeia  directs  the  use  of  a  menstruum 
consisting  of  glycerin,  100  Cc,  and  diluted  alcohol,  900  Cc,  at  first, 
and  then  diluted  alcohol  for  the  rest  of  the  process.  In  making  fluid- 
extract  of  pomegranate  by  repercolation  the  first  menstruum  is  used 
all  the  way  through. 

The  Process. — Weigh  out  50  Gm.  of  the  drug  allotted,  moisten  it 
with  50  Cc.  of  the  menstruum  directed  by  the  U.  S.  P.,  and  macerate 
in  an  8-ounce  wide-mouthed  bottle  for  the  time  directed  by  the 
pharmacopoeia.  At  the  end  of  this  time  pack  in  percolator,  as  directed 
on  p.  1102,  and  percolate  exactly  as  there  described,  with  one  exception. 
This  exception  is  the  caring  for  the  successive  portions  of  the  perco- 
late by  putting  it  in  separate  bottles.  Clean  and  label  six  bottles. 
An  8-ounce  bottle  label  "Finished  Fluidextract";  four  4-ounce  bottles 
labeled  "weak  percolate  No.  1,"  "weak  percolate  No.  2,"  "weak 
percolate  No.  3,"  "weak  percolate  No.  4,"  respectively.  Lastly, 
a  pint  bottle  labeled  "weak  percolate  No.  5." 

Collect  the  percolate  in  an  8-ounce  wide-mouthed  bottle,  pre- 
viously measured  and  marked  40  Cc.  and  50  Cc.  by  scratching  with  a 
file.  Pour  the  first  40  Cc.  of  percolate  into  "finished  fluidextract" 
bottle,  the  next  50  Cc.  in  "weak  percolate  No.  1"  bottle,  and  the 
following  50  Cc.  portions  into  "weak  percolate  Nos.  2,  3,  and  4" 
bottles,  respectively.  Lastly,  percolate  the  drug  to  exhaustion, 
collecting  all  this  percolation  into  "weak  percolate  No.  5"  bottle. 

When  "weak  percolate  No.  1"  and  "weak  percolate  No.  2"  are 
collected,  a  second  batch  of  50  Gm.  of  drug  is  weighed  and  moistened 
with  "weak  percolate  No.  1";  macerate  it  the  required  time,  pack 
in  percolator,  and  pour  on  "weak  percolate  No.  2."  When  this  has 
almost  all  run  through,  add  "weak  percolate  No.  3,"  then  "weak 
percolate  No.  4,"  then  "weak  percolate  No.  5,"  and,  lastly,  men- 
struum enough  to  exhaust. 

Collect  the  percolate  in  the  8-ounce  wide-mouthed  receiving 
bottle  and  put,  first,  50  Cc.  of  percolate  into  "finished  fluidextract" 
bottle,  the  second  50  Cc.  into  now  empty  "weak  percolate  No.  1" 
bottle,  the  next  into  "weak  percolate  No.  2"  bottle,  the  fourth  and 
fifth  50-Cc.  batches  into  bottles  Nos.  3  and  4,  and  the  rest  of  the  per- 
colate to  exhaustion  in  "weak  percolate  No.  5"  bottle.  When 
"weak  percolate  No.  1"  and  "weak  percolate  No.  2"  from  the  second 
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batch  of  drug  are  obtained,  weigh  out  a  third  batch  of  50  Gm.  drug 
and  treat  it  exactly  as  you  did  the  second  batch.  When  this  third 
batch  has  been  percolated  far  enough,  that  is,  when  weak  percolates 
Nos.  1  and  2  have  been  obtained  from  it,  get  a  fourth  batch  of  50  Gm. 
drug  started,  macerating  and  percolating,  making  it  exactly  as  you 
did  batches  Nos.  2  and  3. 

When  this  fourth  batch  of  drug  is  exhausted,  the  operation  is  at 
an  end,  and  we  will  have,  as  the  result,  40+50+50+50,  or  190  Co. 
finished  fluidextract  from  the  200  Gm.  of  drug  and  weak  percolates 
Nos.  1,  2,  3,  4,  and  5. 

These  weak  percolates  are  to  be  securely  corked  and  placed  in  a 
safe,  cool  place,  there  to  rest  until  more  of  the  same  fluidextract  is 
needed.  Then  they  are  to  be  taken  out,  a  new  batch  of  50  Gm.  of 
drug  weighed  out  and  macerated  and  percolated,  exactly  as  before, 
and  the  process  repeated  three  times,  thus  making  200  Cc.  finished 
fluidextract  from  the  200  Gm.  of  drug. 

MAKE  PILLS  OF  ACETANILIDE 
Powd61*ed  acetanilide 1  Gm. 

Put  on  pill-tile,  and  bring  in  contact  with  a  spatula  containing 
a  sufficient  amount  of  excipient.  Knead  the  excipient  into  the 
powder  by  means  of  the  spatula  until  a  pliable  pill  mass  is  obtained. 
Scrape  the  mass  into  one  lump,  dust  the  pill-tile  with  powdered 
starch,  roll  the  pill  mass  out  with  the  spatula  into  a  cylinder  like  a 
pencil  until  it  is  the  length  of  ten  divisions  on  the  scale  on  the  tile. 
Then  cut  the  cylinder  with  spatula  into  ten  equal  parts,  and  roll  each 
between  claan  thumb  and  forefinger  until  perfectly _  spheric.  Then 
put  in  pill  box,  dust  with  starch,  wrap  box  in  paper,  making  a  neat 
package  (p.  298). 

Remarks. — Excipient. — Substance  used  to  make  drugs,  liquids 
as  well  as  solids,  into  plastic  mass  (p.  314). 

A  good  excipient  for  powders  is  glycerite  of  tragacanth: 

Powdered  tragacanth 3  drachms 

Triturate  with  glycerin 3  fluidrachms 

Then  add  water J  fluidounce. 

Transfer  jelly  into  appropriate  jars. 

The  amount  of  excipient  required  can  be  learned  only  by  experience. 
Roughly  speaking,  in  above  case  a  lump  about  the  size  of  a  pea  should 
suffice.  To  make  a  good  mass  the  entire  amount  of  excipient  required 
should  be  added  at  one  time. 

//  mass  is  too  soft,  add  another  1  Gm.  powdered  acetanilid  and 
make  20  pills. 

Masses  are  made  on  tiles  only  when  small  amounts  of  pills  are  to  be 
made,  and  when  there  is  no  difficulty  in  forming  the  mass. 

Pliable  Pill  Mass. — See  p.  314. 

Cutting  pills  on  tile  with  spatula  gives  irregular  results.  Every 
drug-store  should  have  a  pill-cutter.     (See  p.  316.) 

Pills  are  dusted  to  prevent  their  sticking  together.  White  pills 
should  be  dusted  with  powdered  starch;  dark  pills,  with  lycopodium. 
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MAKE  COMPOUND  CATHARTIC  PILLS,   U.  S.  P. 

Recipe. — Compound  extract  of  colocynth 4.00  Gm. 

Mild  mercurous  chloride 3.00  Gm. 

Resin  of  jalap,  in  fine  powder 1.00  Gm. 

Gamboge,  in  fine  powder 0.75  Gm. 

Diluted  alcohol,  a  sufficient  quantity, 

To  make. .      25  pills. 

Mix  the  powders  intimately,  then  incorporate  a  sufficient  quantity 
of  diluted  alcohol  to  form  a  mass,  and  divide  it  into  25  pills. 

Remarks. — In  triturating  powders  always  first  rub  up  the  ingredients 
prescribed  in  smallest  amount  with  a  small  quantity  of  the  other 
substances,  and  add  the  rest  of  the  drugs  gradually  with  constant 
stirring — this  to  insure  thorough  blending  of  the  most  potent  drugs. 

The  excipient  in  this  case  is  diluted  alcohol,  the  compound  extract 
of  colocynth  containing  soap  and  aloes,  which  combine  with  the  water 
to  make  a  plastic  mass.  Five  drops  should  suffice,  provided  enough 
"elbow  grease"  is  used.  In  fact,  if  the  mortar  is  warmed  and  the 
pestle  is  handled  vigorously,  the  mass  can  be  formed  without  use  of 
diluted  alcohol. 

Working  up  the  mass  in  a  mortar  with  a  pestle  is  a  process  hard  to 
explain  by  words.  The  pestle  is  firmly  grasped  in  the  right  hand 
with  the  end  of  the  handle  resting  against  the  center  of  the  palm,  while 
the  mortar  is  held  fast  with  the  left  hand.  The  mass  is  worked  by 
pressing  down  on  it  with  the  pestle  with  a  rotary  movement  to  the 
right.  From  time  to  time  the  mass  is  carefully  scraped  from  the 
pestle  and  from  the  sides  of  the  mortar  and  worked  again,  the  process 
being  continued  until  a  thoroughly  plastic  mass  results. 

Cutting  the  cylinder  into  pills  must  be  done  indirectly  when  the 
scale  on  the  pill-tile  is  for  ten  or  twenty  pills,  if  twenty-five  pills  are 
directed.  If  the  scale  has  twenty  markings,  roll  the  cylinder  out  to 
twenty  and  cut  into  fire  equal  lengths  (four  spaces  each).  Then 
take  each  length  and  roll  until  it  is  five  spaces  long,  and  cut  into  five 
pills.  Treating  the  other  four  lengths  similarly,  we  have  in  the  end 
twenty-five  pills.  It  is  needless  to  say  that  great  care  should  be  taken 
to  have  the  cylinder  of  exactly  the  same  thickness  through  its  entire 
length. 

Roll  pills  between  first  finger  and  thumb  as  in  making  pills  of 
acetanilide. 

Dust  pills  with  lycopodium. 

MAKE  PILLS  OF  PHOSPHORUS,  U.  S.  P. 

/^ecipe.-^Phosphorus 0.015  Gm. 

Althaea,  in  No.  60  powder 1.500  Gm. 

Acacia,  in  fine  powder 0.750  Gm. 

Chloroform, 
Glycerin, 
Water, 
Balsam  of  Tolu, 

Ether,  each,  a  suffieient  quantity,  

To  make..      25  pills. 

Dissolve  the  phosphorus,  in  a  test-tube,  in  1^  Cc.  of  chloroform, 
with  the  aid  of  a  very  gentle  heat,  replacing  from  time  to  time  any  of 
the  chloroform  which  may  be  lost  by  evaporation.     Mix  the  althaea 
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and  acacia  in  a  mortar,  next  add  the  solution  of  phosphorus,  then 
immediately  afterward  a  sufficient  quantity  (about  1  Cc.)  of  a  mixture 
of  two  volumes  of  glycerin  and  one  volume  of  water,  and  quickly 
form  a  mass;  divide  it  into  25  pills. 

Dissolve  10  Gm.  balsam  of  Tolu  in  15  Cc.  of  ether,  shake  the  pills 
with  a  sufficient  quantity  of  this  solution  until  they  are  uniformly 
coated,  and  put  them  on  a  plate  to  dry,  occasionally  rolling  them  about 
until  the  drying  is  completed. 

Keep  the  pills  in  a  well-stoppered  bottle. 

Remarks. — Handling  the  phosphorus  must  be  done  with  care,  as  it 
is  very  unstable,  igniting  spontaneously  when  exposed  too  long  to  the 
air.  Phosphorus  should  always  be  weighed  under  water,  that  is^  a 
beaker  or  other  vessel  containing  water  should  be  counterpoised  on 
the  scale,  and  the  phosphorus  immersed  in  the  water  while  weighing. 
In  the  same  way  the  large  piece  of  phosphorus  should  be  cut  while 
under  water  contained  in  pint  evaporating  dish. 

The  cutting  of  phosphorus  is  easy,  since  it  is  a  soft,  waxy  solid, 
readily  sliced  with  an  ordinary  knife.  Always  cut  off  the  outer  oxidized 
layer,  and  use  the  fresh  phosphorus  from  the  middle  of  the  stick. 

The  solution  of  phosphorus  is  made  by  quickly  freeing  the  weighed 
phosphorus  from  adhering  water  by  pressing  between  filter-paper 
and  dropping  the  lump  into  the  chloroform  contained  in  a  test-tube 
before  the  phosphorus  has  time  to  ignite.  If  the  phosphorus  dissolves 
slowly  in  the  chloroform,  the  solution  can  be  aided  by  the  use  of 
gentle  heat,  adding  extra  chloroform  to  make  up  for  loss  of  evaporation. 

The  mass  must  be  worked  up  as  rapidly  as  possible  lest  it  catch  fire. 

If  it  does  ignite,  carry  to  sink  and  turn  on  the  water  from  the  faucet. 

Use  enough  excipient  to  make  a  rather  soft  mass,  for  a  firm  mass 

becomes  rubber-like  on   rolling  out.     Ten  to  twelve  drops  usually 

suffice. 

In  cutting  the  pill  cylinder  use  the  same  plan  as  with  compound 
cathartic  pills  if  the  pill-tile  scale  has  not  twenty-five  spaces.  Use 
lycopodium  as  dusting-powder. 

Coating  the  pills  does  not  yield  handsome  results;  in  fact,  no  pill 
coating  can  be  well  done  without  special  appliances.  (See  p.  318.) 
In  this  special  case  the  coating  is  not  put  on  to  enhance  the  appearance 
of  the  pill,  but  to  protect  it  from  atmospheric  action  (p.  324).  In 
coating,  put  pills  in  small  dish,  pour  on  ten  to  twenty  drops  of  the 
tolu  solution,  and  rotate  until  dry.  Then,  if  necessary,  add  more 
tolu  solution  and  rotate  further. 


/< 
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PUT  UP  CONSEALS 
Pulverized  sugar /. 6  Gm. 

Put  up  in  six  /onseals  (No.  1  size)  by  directions  found  on  conseal 
apparatus.     (See  p.  307.) 

MAKE  LOZENGES  OF  POTASSIUM  CHLORATE,  U.  S.  P. 

Recipe. — Potassium  chlorate,  in  fine  powder 1.8  Gm. 

Sugar,  in  fine  powder 7.2  Gm. 

Tragacanth,  in  fine  powder 0.36  Gm. 

Water,  a  sufficient  quantity, 

To  make. .    12  troches. 
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Mix  the  sugar  with  the  tragacanth  by  trituration  in  a  mortar; 
then  transfer  the  mixture  to  a  sheet  of  paper,  and  by  means  of  a  bone 
spatula  mix  with  it  the  potassium  chlorate,  being  careful,  by  avoiding 
trituration  or  pressure,  to  prevent  the  mixture  from  igniting  or 
exploding.  Lastly,  with  water,  form  a  mass  to  be  divided  into 
twelve  troches. 

Remarks. — Beware  of  trituration  of  dry  potassium  chlorate  with 
sugar  or  other  oxidizable  substances,  as  a  frightful  explosion  is  apt 
to  occur.  Hence  the  pharmacopoeia  directs  mixing  these  ingredients 
on  paper  with  bone  spatula.  A  metallic  spatula  can  be  used,  however, 
if  one  is  cautious  in  the  manipulation. 

Working  the  powders  into  a  mass  can  be  safely  done  with  mortar 
and  pestle,  provided  the  mass  is  well  moistened.  Do  not  use  too 
much  water,  however,  lest  a  very  soft  mass  results — 1  Cc.  should 
suffice. 

Roll  out  the  mass  as  if  it  were  biscuit  dough,  but  do  not  roll  too  thin. 
In  making  twelve  lozenges  the  mass  is  generally  rolled  out  broad 
enough  comfortably  to  cut  eight  lozenges.  The  scraps  are  then 
worked  up  and  rolled  out  so  that  three  lozenges  can  be  cut,  and  the 
scraps  now  remaining  should  be  just  enough  to  make  the  twelfth 
lozenge — no  more,  no  less. 

Both  pills  and  lozenges  should  be  air-dried  before  putting  away. 
If  bottled  while  moist,  they  will  grow  moldy. 

MAKE  BELLADONNA  SUPPOSITORIES 

Extract  of  belladonna 0.32 

Oil  of  theobroma 10.00. 

Make  five  suppositories. 

Weigh  the  extract  out  on  a  piece  of  paper  and  transfer  by  means 
of  a  spatula  to  the  point  of  the  pestle,  and  make  into  paste  with  about 
five  drops  water  in  a  warm  mortar. 

In  the  meanwhile  melt  the  oil  of  theobroma  in  small  evaporating 
dish  on  water-bath,  and  when  completely  fused,  pour  about  one-tenth 
of  the  oil  into  warm  mortar  containing  the  extract.  Triturate  until 
a  complete  blending  of  the  oil  and  the  extract  takes  place,  and  then 
transfer  the  still  liquid  mass  into  the  rest  of  the  oil  of  theobroma  in 
the  dish,  carefully  scraping  all  from  mortar  and  pestle  by  means  of 
spatula. 

Mix  the  extract  thoroughly  with  the  molten  oil  of  theobroma 
by  BtirringJ.he  glass  rod,  and  remove  from  water-bath,  and  when  the 
first  signs  of  congealmg  show,  pour  the  mixture  into  the  thoroughly 
chilled  molds,  keeping  the  extract  suspended  by  constant  stirring 
while  pouring  into  mold.  Then  let  mold  stand  quietly  on  the  ice 
until  solidification  is  complete,  after  which  remove  the  suppositories 
from  the  mold. 

Remarks. — The  extract  used  in  suppositories  should  be  soft  extract, 
not  the  powdered  form. 

Fusing  the  oil  of  theobroma  should  be  at  a  low  temperature.  Heat- 
ing too  high  gives  the  mass  a  fried  smell. 

Do  not  pour  into  molds  while  the  mass  is  hot.  Just  before  it 
congeals  is  the  proper  time. 
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Stir  mass  while  pouring,  else  the  extract  will  not  be  uniformly 
distributed. 

Have  molds  on  ice  at  least  a  half-hour  before  pouring  mass  in.  To 
get  good  results,  the  molds  must  be  thoroughly  chilled. 

Have  interior  of  molds  perfectly  dry  and  clean  when  mass  is  poured 
in.  If  such  is  the  case,  there  is  no  need  of  using  lycopodium  to  dust 
inside  of  mold. 

The  mass,  on  congealing,  if  molds  are  well  chilled,  contracts  and 
loosens  from  molds  with  smooth,  shining  surface.  In  this  case 
suppositories  can  be  removed  from  mold  by  gentle  tapping.  If  they 
stick,  slight  downward  pressure  from  the  top  usually  loosens  them. 
If  they  stick  more  tenaciously,  the  molds  must  be  cautiously  opened 
and  the  suppositories  removed  by  pressing  from  tip  upward. 

//  the  suppositories  stick  to  mold,  it  is  due  either  to  insufficient 
chilling  of  molds  before  melted  mass  is  poured  in  or  to  dirtiness  of 
molds. 

Most  suppository  molds  hold  20  grains  of  oil  of  theobroma.  This 
must  be  considered  in  making  suppositories,  and  the  amount  of  oil 
of  theobroma  added  in  making  the  mass  should  be  just  enough  to 
fill  the  molds. 

MAKE  SUPPOSITORIES  BY  HAND 

Oil  of  theobroma 8  Gm. 

Castor  oil q.s. 

Grate  or  slice  the  oil  of  theobroma  in  thin  shavings  and  put  into 
mortar;  add  about  five  drops  of  alcohol  and  thus  pulverize  by  inter- 
vention. Then  add  five  drops  castor  oil  and  work  into  mass  as  if 
making  pills.  Place  finished  mass  on  pill-tile,  dust  with  lycopodium, 
and  roll  out  to  mark  8  on  scale  on  pill-tile.  Cut  the  cylinder  in  half 
and  shape  each  half  into  a  double  cone  by  rolling  gently  with  spatula. 
Then  cut  each  double  cone  in  half,  and  we  have /owr  suppositories. 

Remarks. — This  method  does  not  yield  as  handsome  a  product  as 
those  made  by  fusion,  but  it  has  the  advantage  of  being  applicable 
in  all  cases. 

Avoid  contact  of  the  mass  with  the  hand,  as  the  oil  of  theobroma  melts 
at  temperature  of  the  body. 

In  shaping  the  suppository,  if  found  more  convenient,  the  mass  can 
be  directly  divided  into  four  parts  by  measuring  on  pill-tile  or  by 
weighing,  and  each  part  made  into  a  cone. 

These  pure  butter  of  cocoa  suppositories  are  given  merely  for  practice. 
Of  course,  in  actual  business,  they  will  be  directed  blended  with  some 
medicinal  constituents. 

MAKE   COMPRESSED    SUPPOSITORIES 

Take  oil  of  theobroma  q.  s.  (say,  10  Gm.).  Powder  with  alcohol, 
put  into  suppository  machine,  and  press  into  both  the  rectal  and  the 
bougie  mold.     For  picture  of  mold,  see  p.  338. 

Remarks. — Note  what  is  said  just  above  as  to  fact  that  in  actual 
business  the  oil  of  theobroma  is  always  prescribed  combined  with 
some  medicinal  constituent. 
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MAKE  GLYCERIN  SUPPOSITORIES,  U.  S.  P. 

Recipe. — Glycerin 6,00  Gm. 

Monohydrated  sodium  carbonate 0.10  Gm. 

Stearic  acid 0.40  Gm. 

Water 1.00  Cc. 

To  make.  .   2  suppositories. 

Dissolve  the  monohydrated  sodium  carbonate  in  the  water  and 
add  it  to  the  glycerin,  contained  in  a  dish,  on  a  water-bath;  add  the 
stearic  acid,  and  heat  the  mixture  carefully  until  carbon  dioxide 
ceases  to  be  evolved  and  the  liquid  is  clear.  Then  pour  the  melted 
mass  into  suitable  molds,  remove  the  suppositories  when  they  are 
completely  cold,  and  preserve  them  in  tightly  stoppered  glass  vessels. 

Remarks. — The  manufacture  of  these  suppositories  involves  a 
chemical  action,  the  sodium  carbonate  reacting  with  the  stearic  acid 
to  form  sodium  stearate,  and  with  this  the  glycerin  blends,  thereby 
producing  a  solid  suppository  containing  about  six-sevenths  its  weight 
of  glycerin. 

Weigh  the  ghjcerin  in  small  evaporating  dish,  and  to  it  add  the 
sodium  carbonate  and  later  the  stearic  acid. 

Be  sure  the  sodium  carbonate  is  crystalline  and  monohydrated.  The 
efflorescent  salt  works  poorly. 

Shave  the  stearic  acid  into  thin  pieces  with  knife  or  spatula  before 
putting  into  glycerin. 

Heat  Carefully. — Experience  shows,  however,  at  this  stage,  that  the 
heat  of  a  water-bath  scarcely  suffices,  so  when  the  sodium  carbonate 
is  dissolved,  remove  from  water-bath  to  wire  gauze,  dry  the  bottom 
of  dish,  and  heat  very  cautiously  until  reaction  ceases.  Until  escape 
of  carbonic  acid  gas  has  ceased. 

Sodium  carbonate  plus  stearic  acid  or  any  other  acid  gives  ofif 
CO2  gas,  and  forms  a  salt  of  the  added  acid. 

Stir  very  slightly  in  making,  and  that  only  with  glass  rod,  merely 
enough  to  aid  the  COj  in  escaping.  If  stirred  vigorously,  the  mass 
will  become  mixed  with  air  and  will  not  be  clear. 

The  mass  must  be  clear  when  poured  into  molds,  else  the  finished 
suppositories  will  be  opaque. 

Pour  into  Suitable  Molds. — Note  that  the  finished  suppository  will 
weigh  over  3  Gm.,  about  twice  the  ordinary  rectal  suppository.  Hence 
the  ordinary  mold  will  not  do.  For  practice,  however,  the  mass 
may  be  poured  into  the  smaller  mold,  thus  making  a  suppository 
half  the  official  size.  In  this  case,  as  in  belladonna  suppositories, 
the  mold  must  be  thoroughly  chilled  by  placing  on  ice,  and  the  mass 
must  be  almost  ready  to  congeal  when  poured  in. 

Removing  these  suppositories  from  the  mold  by  tapping  will  not 
work;  the  molds  must  be  opened  and  the  suppositories  removed  by 
pressing  from  tip  upward. 

MAKE  COLD  CREAM,  U.  S.  P. 

Recipe. — Spermaceti    6.25  Gm. 

White  wax 6.00  Gm. 

Expressed  oil  of  almond 28.00  Gm. 

Sodium  borate,  in  fine  powder 0.25  Gm. 

Stronger  rose  water 9.50  Gm. 

To  make  about. .  50  Gm. 
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Reduce  the  spermaceti  and  the  white  wax  to  fine  shavings,  and 
melt  them  at  a  moderate  heat;  add  the  expressed  oil  of  almond  and 
stir,  continuing  the  heat  until  the  mixture  is  uniform;  then  gradually 
add  the  stronger  rose  water,  previously  warmed,  and  in  which  the 
sodium  borate  has  been  dissolved,  stirring  the  mixture  rapidly  and 
continuously  until  it  congeals  and  becomes  of  uniform  consist- 
ence. 

When  this  ointment  is  to  be  used  as  a  vehicle  for  metallic  salts,  the 
sodium  borate  should  be  omitted. 

Remarks. — Melt  the  spermaceti  and  white  wax  in  pint  evaporating 
dish,  and  to  it  add  the  oil  of  almond. 

Dissolve  the  borax  in  the  rose  water  in  Erlenmeyer  flask,  and  this 
solution  should  be  almost  as  warm  as  the  mixed  fats.  If  it  is  cold, 
the  spermaceti  will  separate  as  if  curdled. 

Do  not  warm  the  rose  water  enough  to  drive  off  its  odor,  however. 
The  finished  cold  cream  is  not  highly  perfumed.  If  more  odor  is 
desired,  add — 

Oil  rose 10  drops  ^ 

Oil  lemon 6  drops  >  to  each  pound. 

Oil  bergamot 4  drops  j 

The  oils  should  be  added,  not  alcoholic  solutions  of  them. 

This  cold  cream  turns  rancid  quickly,  and  should,  therefore,  be 
sold  only  when  fresh.  For  a  permanent  cold  cream  white  paraffin 
oil  is  substituted  for  oil  of  almond.  This  substitute  must  not,  how- 
ever, be  dispensed  as  official  cold  cream. 

MAKE  BLUE   MASS.  U.  S.  P. 

Recipe. — Mercury 3.3  Gm. 

Glycyrrhiza,  in  No.  60  powder 1.0  Gm. 

Althaea,  in  No.  60  powder 1.5  Gm. 

Glycerin 0.9  Gm. 

Honey  of  rose 3.3  Gm. 

To  make.  .    10  Gm. 

Triturate  the  mercury  with  the  honey  of  rose  until  it  is  extin- 
guished, and  globules  of  mercury  are  no  longer  visible  under  a  lens 
magnifying  at  least  ten  diameters.  Add  the  glycerin,  then  the  glycyr- 
rhiza and  althaea  gradually,  and  continue  the  trituration  until  the 
mass  is  homogeneous.     Keep  the  product  in  well-closed  containers. 

Remarks. — Triturate  the  mercury  with  honey  of  rose  and  glycerin 
in  a  mortar  until  extinguished — that  is,  until  no  mercury  globules 
are  seen  and  a  thin  gray  paste  results.  If  trituration  is  stopped, 
however,  the  mercury  will  run  together. 

Add  the  powdered  drugs  and  then  triturate  vigorously.  This  has 
the  effect  of  coating  each  globule  of  mercury  with  the  powder,  thus 
preventing  one  from  running  into  the  other. 

Triturate  until  no  globules  are  seen  under  glass  magnifying  ten 
diameters — that  is,  making  things  look  ten  times  their  real  size. 
To  accomplish  this  usually  takes  a  half  hour's  trituration. 
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MAKE  EMULSION  OF  COD  LIVER  OIL 
(by  Continental  Method) 

Cod  liver  oil 30     Cc. 

Water 15     Cc. 

Powdered  acacia 7.5  Gm. 

Water,  syrup,  and  flavor,  to  make 60    Cc. 

Put  the  acacia  in  a  dry  mortar  and  add  all  the  oil,  triturating  the 
mixture  well.  Then  add  the  water  (15  Cc.)  all  at  once  and  triturate 
vigorously  until  a  creamy  emulsion  results.  Lastly,  add  syrup, 
5  Cc,  flavor  to  taste,  and  add  water  to  make  60  Cc. 

Remarks. — The  theory  of  emulsions  is  similar  to  that  of  making 
blue  mass  and  other  preparations  of  free  mercury,  the  oil  being 
broken  into  fine  globules  by  trituration  and  each  globule  immediately 
coated  with  a  layer  of  gummy  substance,  thus  preventing  adjacent 
globules  from  running  together. 

The  two  methods  of  emulsification  are  called  the  English  and  the 
Continental  processes  (see  p.  266),  and  the  above  recipe  is  by  the 
Continental  process,  and  practically  that  recognized  by  the  present 
pharmacopoeia  (p.  271). 

Note  the  proportions  essential  to  a  successful  Continental  emulsion: 
4,  2,  and  1 ;  4  parts  of  oil,  2  parts  of  water,  and  1  part  of  gum. 

For  flavor,  the  pharmacopoeia  directs  -^  of  1  per  cent,  of  oil  of 
gaultheria,  or  an  appropriate  quantity  of  oil  of  bitter  almonds  (p.  271). 
The  finished  acacia  emulsion  is  almost  too  thick  for  practical  use  and 
contains  too  large  amount  of  acacia. 

The  English  emulsion  can  be  made  from  less  gum,  the  sole  advan- 
tage the  process  possesses. 

When  oil,  gum,  and  water  are  triturated  a  few  minutes,  a  white 
emulsion  should  result,  the  desired  effect  being  indicated  by  a  char- 
acteristic crackling  sound  as  the  mixture  is  triturated.  If  this  crack- 
ling sound  is  not  heard,  and  if  the  mixture  has  a  greasy,  "pearly" 
appearance,  it  means  that  the  oil  is  not  emulsified — that  the  emulsion 
is  "split." 

Do  not  Throw  Away  a  Split  Emulsion. — Make  up  another  batch  as 
a  nucleus,  and  gradually  incorporate  the  split  emulsion,  when  the 
entire  quantity  will  be  emulsified.  There  is  no  better  emulsifier  than 
a  good  emulsion. 

MAKE  FLASK  EMULSION  OF  COD  LIVER  OIL 

Powdered  tragacanth 1  Gm. 

Gelatin,  in  No.  80  powder 1  Gm. 

Cod  liver  oil 20  Cc. 

Water,  flavor,  etc.,  to  make 40  Cc. 

Put  the  powders  in  a  dry  Erlenmeyer  flask,  add  the  oil  and  shake, 
then  add  15  Cc.  water,  and  shake  when  an  emulsion  results. 

Remarks. — This  formula  was  devised  to  replace  a  class  of  flask 
emulsifiers  introduced  a  few  years  since,  and  containing  the  two 
questionable  substances — saponin  and  saccharin. 

It  is  given  merely  as  an  illustration  of  this  kind  of  work  and  is 
not  recommended.  To  make  a  good  emulsion  one  should  be  willing 
to  dirty  a  mortar. 

It  also  shows  that  almost  any  gummy  substance  can  be  used  as  an 
emulsifier. 


-^ 
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MAKE  EGG  EMULSION  OF  COD  LIVER  OIL 

Glycerite  of  yolk  of  egg  (U.  S.  P.  1890) 10  Cc. 

Cod  liver  oil 30  Cc. 

Syrup 6  Cc. 

Brandy. .  .* 10  Cc. 

Water 4  Cc. 

Pour  the  glycerite  into  mortar,  and  add  the  oil  little  by  little, 
with  constant  trituration  until  completely  emulsified.  Then  add 
the  other  ingredients  in  the  order  named. 

Remarks. — This  preparation  is  emulsified  by  use  of  yolk  of  egg, 
an  emulsion  of  egg  fat  with  the  albuminoids.  It  is  an  illustration  of 
the  dictum,  "the  best  emulsifier  is  a  perfect  emulsion." 

Be  careful  to  add  oil  gradually,  else  the  emulsion  may  split.  The 
addition  of  the  last  portions  of  oil  may  make  the  product  almost  too 
stiff  to  work,  in  which  event  add  a  few  drops  of  water,  say,  1  Cc. 
In  laboratory  work  omit  the  brandy  from  this  recipe. 

The  best  flavor  for  this  is  a  compound  tincture  of  cardamom  not 
colored  with  cochineal.  One-half  Cc.  suffices  with  the  above  quan- 
tity. 

MAKE  EMULSION  OF  TURPENTINE 
Powdered  tragacanth 2  Gm. 

Put  in  dry  8-ounce  wide-mouthed  bottle,  corked  and  add — 

Oil  of  turpentine 16  Cc. 

Then  add  water 30  Cc.  and  shake. 

The  finished  emulsion  can  be  diluted  with  water  and  flavored  to 
any  strength  directed  by  the  physician. 

Remarks. — This  is  not  the  recipe  provided  by  the  present  pharma- 
copoeia for  official  emulsion  of  oil  of  turpentine  (p.  271),  in  which 
acacia  is  used  as  the  emulsifying  agent,  and  expressed  oil  of  almond 
used  to  make  a  more  stable  emulsion. 


CHAPTER   LX 
CHEMICAL  PREPARATIONS 

MAKE  SOLUTION  OF  SODA,  U.  S.  P.  1890 

Recipe. — Sodium  carbonate 42.S  Gm. 

Lime 12.5  Gm. 

Distilled  water,  a  sufficient  quantity. 

Dissolve  the  sodium  carbonate  in  100  Cc.  of  boiling  distilled  water. 
Slake  the  lime  with  about  7J  Cc.  of  distilled  water,  then  mix  it  well 
with  100  Cc.  of  distilled  water,  pour  the  mixture  into  a  tared  flask, 
and,  having  heated  it  to  boiling,  gradually  add  to  it  the  solution  of 
sodium  carbonate  and  boil  during  ten  minutes.  Then  add  enough 
distilled  water  to  the  flask  to  make  the  contents  weigh  250  Gm.,  and 
set  the  flask  aside,  well  stoppered,  until  the  contents  are  cold.     Lastly, 
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strain  the  liquid  through  linen,  set  it  aside  in  a  well-stoppered  bottle 
until  it  has  become  clear  by  subsidence,  and  separate  the  clear  solution 
by  decantation  or  by  means  of  a  siphon. 

Explanation. — Monohydrated  sodium  carbonate,  U.  S.  P.  1900, 
18.4  Gm.  can  be  used  instead  of  the  above  amount  of  crystalline 
sodium  carbonate.     The  chemical  reaction  in  this  process  is  as  follows: 

Ca(OH),     +     Na^COa     =     NaOH     +     CaCO,. 

The  result  of  the  reaction  is  a  liquid  containing  sodium  hydroxide 
in  solution,  and  a  sediment  consisting  of  calcium  carbonate  (precipi- 
tated chalk). 

The  equation  given  above  is  purposely  left  incomplete.  Complete 
this  so  that  the  amount  of  each  element  on  the  two  sides  of  the  sign 
of  equality  is  the  same. 

Again,  the  equation  does  not  represent  the  truth  as  far  as  the 
constituents  directed  by  the  U.  S.  P.  is  concerned.  Lime  is  not  cal- 
cium hydroxide,  but  is  calcium  oxide,  the  hydroxide  being  produced 
only  after  shaking  the  lime,  the  reaction  being  CaO+H20  =  Ca(OH)2. 

Again,  the  sodium  carbonate  directed  above  is  not  the  exsiccated 
NajCOg,  but  the  crystalline  salt  containing  ten  molecules  of  water  of 
crystallization.     So  the  real  reaction  runs: 

CaO     +     H3O     +     NajCOslOHjO     =     NaOH     +     CaCOj. 

Be  sure  to  complete  this  equation  before  proceeding  further.  (See 
p.  421.) 

Calculations. — Figure  out  molecular  weight  of  the  five  substances 
in  above  equation,  viz. : 


Ca    atomic  weight 
O     atomic  weight 


Ca        =     1  X  

O         =     1  X  

CaO  molecular  weight 


H     atomic  weight 
O     atomic  weight 


H,        =    2  X  

O         =     1  X  

H,0  molecular  weight 


Na  atomic  weight  = 

C      atomic  weight  = 

O     atomic  weight  = 

H,0  molecular  weight  = 


Na,      =    2  X  

C  =     1  X  

O3         =    3  X  

10HjO=  10  X  

NajCOjlOHjO  molecular  weight 


Na  atomic  weight 
O  atomic  weight 
H     atomic  weight 


NaOH  molecular  weight   = 


Na        =     1  X  

O         =     1  X  

H         =     1  X  

NaOH  molecular  weight 


The  actual  weight  of  NaOH  produced 


from  above  equation  is  this  molecular  weight  times  the  number  of  molecules  produced. 
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Ca  atomic  weight 
C  atomic  weight 
O     atomic  weight 


Ca 

=     1  X 

C 

=     1  X 

o,, 

=    3  X 

CaCOj  molecular  weight 


Now  write  the  equation  last  given  with  the  correct  number  of 
molecules,  and  place  under  each  substance  the  figures  expressing  the 
molecular  weights,  or,  in  case  more  than  a  molecule  of  a  substance 
is  involved,  the  combining  weights.  Then  reckon  out  the  following 
problems: 

1.  How  many  grammes  absolute  sodium  hydroxide  in  250  Gm.  of 
5  per  cent,  solution  of  soda? 

2.  How  many  grammes  of  lime  (CaO)  and  of  crystallized  sodium 
carbonate  (Na2CO3+10H2O)  needed  to  make  80  Gm.  absolute  soda 
(NaOH)? 

3.  How  many  grammes  of  lime  and  of  crystalline  sodium  carbonate 
needed  to  make  12.5  Gm.  absolute  soda? 

If  monohydrated  sodium  carbonate  is  used,  the  equation  will  run: 

CaO     +     H^O     +     Na^COaH^O     =     NaOH     +     CaCOj. 

(Complete  this  equation.) 

The  molecular  weight  calculation,  as  far  as  the  sodium  carbonate 
is  concerned,  will  be: 

Na    atomic  weight       Na-j    =  2  X  = . 

C       atomic  weight       C       =  1  X = . 

O      atomic  weight       O3      =  3  X •  = . 

HjO  molecular  weight HjO  =  1  X = . 


NaaCOgHjO  molecular  weight  = . 

For  table  of  atomic  weights,  see  p.  367. 

For  complete  figuring  of  molecular  weights,  see  p.  363. 

For  details  of  balancing  equations,  see  p.  421. 

Comparing  the  figures  obtained  with  the  quantities  given  in  the 
U.  S.  P.  process,  a  marked  discrepancy  (increase)  in  the  case  of  the 
lime  and  a  slight  discrepancy  in  the  case  of  the  sodium  carbonate 
will  be  noted. 

This  is  due,  as  far  as  lime  is  concerned,  to  the  fact  that  commercial 
lime  is  quite  variable  in  quality,  and  a  large  excess  will  work  no  harm, 
inasmuch  as  it  is  very  sparingly  soluble  in  water.  As  to  difference 
in  amount  of  sodium  carbonate,  note  that  the  official  process  does  not 
yield  250  Gm.  of  solution  of  soda;  but  250  Gm.  of  a  mixture  of  it 
with  the  precipitated  chalk. 

Remarks  on  Process. — Dissolve  the  sodium  carbonate  in  pint  flask, 
and  when  solution  is  complete,  put  into  an  8-ounce  wide  mouthed 
bottle.     Filter  only  if  necessary — if  containing  dirt. 

Be  sure  that  the  sodium  carbonate  is  not  effloresced.  For  this  reason 
the  non-efflorescent  monohydrated  sodium  carbonate  is  better. 

Slake  the  lime  by  placing  a  lump  in  a  mortar  and  adding  the  water, 
drop  by  drop,  so  it  can  be  absorbed  by  the  lime. 

Better  do  this  before  dissolving  the  sodium  carbonate,  as  with  the 
small  amount  of  lime  used  the  slaking  will  take  some  time.     Do  not 
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expect  the  generation  of  a  large  amount  of  heat  in  slaking  the  minute 
quantity  of  lime.  Heat  is  developed,  but  in  scarcely  appreciable 
quantity.  Slaking  of  the  lime  may  be  hastened  by  warming  mortar 
on  radiator. 

When  the  lime  is  slaked,  it  will  crumble  to  a  powder.  This  takes, 
with  the  small  amount  of  lime  employed,  fifteen  minutes  to  a  half- 
hour.  When  lime  is  slaked,  mix  it  well  with  water.  That  is,  triturate 
with,  say,  75  Cc.  of  the  water,  making  a  milky  paste  (milk  of  lime); 
pour  this  into  flask,  and  wash  mortar  and  pestle  with  the  other  25  Cc. 
water,  pouring  washings  into  flask  containing  the  milk  of  lime. 

Be  sure  to  tare  flask  before  pouring  in  the  milk  of  lime.  The  rest 
of  the  official  directions  need  no  special  remarks,  except  the  statement 
that — 

The  finished  product  is  not  to  he  filtered:  at  least,  through  paper, 
as  the  alkali  will  eat  the  paper.  Asbestos  wool  can  be  used,  however, 
a  bit  of  this  inserted"  into  funnel  as  if  it  were  a  plug  of  cotton.  The 
pharmacopoeia,  however,  directs  decantation. 

The  precipitated  chalk  is  to  be  thrown  away,  as  it  cannot  be  freed 
from  the  alkali  except  by  extraordinary  effort. 

MAKE  SOLUTION  OF  CHLORINATED  SODA.  U.  S.  P. 

Recipe. — Monohydrated  sodium  carbonate 6.5  Gm. 

Chlorinated  lime 9.0  Gm. 

Water,  a  sufficient  quantity,  


To  make . .   100  Gm. 

Triturate  the  chlorinated  lime  (which  should  contain  not  less  than 
30  per  cent,  of  available  chlorine)  with  20  Cc.  of  water,  gradually 
added,  until  a  uniform  mixture  results.  Allow  the  heavier  particles 
to  subside,  and  transfer  the  thinner,  supernatant  portion  to  a  filter. 
Then  triturate  the  residue  again  with  20  Cc.  of  water,  transfer  the 
whole  to  the  filter,  and,  when  the  liquid  has  drained  off,  wash  the 
filter  and  contents  with  10  Cc.  of  water.  Dissolve  the  monohydrated 
sodium  carbonate  in  30  Cc.  of  hot  water,  and  add  this  solution  to  the 
previously  obtained  filtrate  contained  in  a  suitable  vessel.  Stir  or 
shake  the  mixture  thoroughly,  and,  if  it  should  become  gelatinous, 
warm  the  vessel  very  gently  until  the  precipitate  subsides.  Then 
transfer  the  mixture  to  a  new  filter,  and,  when  no  more  liquid  drains 
from  it,  wash  the  filter  and  contents  with  enough  water  to  make 
the  product  weigh  100  Gm.  Keep  the  solution  in  well-stoppered 
bottles,  protected  from  light,  and  in  a  cool  place. 

Explanation. — The  chemical  reaction  involved  in  the  above 
process  runs  in  two  equations,  since  the  chlorinated  lime  employed  is 
a  mixture  of  calcium  hypochlorite  and  calcium  chloride: 

Equation  A: 

Calcium  Sodium  Calcium                  Sodium 

hypochlorite  plus    carbonate  give     carbonate  plus  hypochlorite 

Ca(OCl)j  +         Na^COj  =         CaCOa         +         NaOCl. 

Equation  B: 

Calcium  Sodium  Calcium  Sodium 

chloride  plus     carbonate  give    carbonate  plus    chloride 

CaCl,  +         Na,CO,  =         CaCO,  +         NaCl. 
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The  result  of  the  reaction  is  a  liquid  containing  sodium  hypo- 
chlorite and  sodium  chloride  in  solution  and  calcium  carbonate 
(precipitated  chalk)  as  a  sediment. 

The  equations  given  above  are  purposely  left  incomplete.  Complete 
these,  so  that  the  amount  of  each  element  on  the  two  sides  of  the 
sign  of  equality  is  the  same. 

Calculations. — Chlorinated  lime,  being  of  variable  quality,  the 
molecular  quantities  cannot  be  conveniently  worked  out. 

However,  figure  out: 

How  many  grammes  of  chlorine  in  9  Gm.  of  30  per  eent.  chlorinated 
lime? 

How  many  grammes  of  chlorine  in  lOO^Gm.  of  2.4  per  cent,  solution 
of  chlorinated  soda? 

Comparison  of  these  figures  will  show  that  the  pharmacopceial 
process  anticipates  the  conversion  of  the  chlorinated  lime  into  solution 
of  chlorinated  soda  with  the  loss  of  but  10  per  cent,  of  the  volatile 
chlorine — a  thing  that  is  theoretically  possible,  but  rarely  practically 
attained. 

Remarks  on  Process. — Put  chlorinated  lime  in  mortar  and  triturate 
with  the  water. 

The  thinner  supernatant  portion  (see  p.  139)  contains  the  soluble 
part  of  the  chlorinated  lime,  and  this  is  passed  through  the  filter  first. 
This  is  an  illustration  of  decantation. 

The  heavier  particles  are  triturated  with  more  water,  adding  the 
water  gradually  with  firm  pressure  of  the  pestle  in  order  to  reduce 
particles  to  a  pasty  condition. 

Pour  the  entire  paste  on  the  filter,  and  thus  dissolve  the  soluble 
portion  left  in  the  chlorinated  lime  after  the  first  washing. 

Use  the  last  10  Cc.  water  to  wash  out  mortar  and  to  extract  the 
insoluble  part  of  the  chlorinated  lime  contained  on  the  filter. 

Dissolve  the  sodium  carbonate  in  the  water  in  pint  flask,  and  to 
this  add  the  chlorinated  lime  filtrate. 

If  gelatinous,  warm,  but  that  only  slightly,  lest  a  large  amount  of 
chlorine  be  driven  off. 

Filter  mixture  into  a  tared  8-ounce  wide-mouthed  bottle.  Both 
solution  of  chlorinated  soda  and  also  chlorinated  lime  contain  chlorine 
in  a  form  so  loosely  combined  that  the  gas  easily  escapes.  Hence 
in  the  entire  process  care  should  be  taken  to  avoid  undue  exposure, 
either  to  the  air  or  to  heat. 


MAKE  AMMONIUM  SULPHATE 

Ammonia  water  (10  per  cent.) 340  grains  or Gm. 

Diluted  sulphuric  acid  (10  per  cent.) 980  grains  or  — ^  Gm. 

Place  the  ammonia  water  in  a  pint  evaporating  dish,  add  the 
sulphuric  acid  gradually  until  faintly  acid  to  litmus-paper,  using 
more  than  the  amount  given  above  if  necessary. 

Then  add  extra  ammonia  water,  drop  by  drop,  until  alkaline  te 
litmus-paper.     Place  dish  on  wire  gauze  and  evaporate  to  dryness. 

Explanation. — This  process  gives  us  an  illustration  of  a  simple 
reaction,  viz. :  ammonia  plus  sulphuric  acid  gives  ammonium  sulphate. 
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Express  this  reaction  by  equation,  writing  the  formula  of  each  of 
the  compounds  mentioned  above  and  the  number  of  molecules  of 
each  substance  entering  the  equation. 

Calculations. — Next  work  out  molecular  weight  of  each  of  the 
above  compounds  (as  shown  in  solution  of  soda),  and  through  these 
molecular  weights  answer  the  following  problems: 

1.  How  many  grammes  ammonia  gas  and  absolute  sulphuric  acid 
are  needed  to  make  132  grains  of  ammonium  sulphate? 

2.  How  many  grains  of  10  per  cent,  ammonia  water  and  of  10  per 
cent,  sulphuric  acid  are  needed  to  make  132  grains  of  ammonium  sul- 
phate? 

Remarks  on  Process. — Convert  grains  into  grammes  by  dividing 
by  15.432. 

Add  the  acid  gradually  to  the  ammonia,  as  the  reaction  is  apt  to  be 
quite  violent 

Liitmus-paper  (see  p.  373). 

In  testing  with  litmus-paper  dip  a  glass  rod  into  the  liquid  and  thus 
bring  one  drop  of  the  liquid  on  the  piece  of  litmus-paper  moistened 
with  water.     Never  dip  the  litmus-paper  into  the  mixture. 

Add  acid  until  faintly  acid — that  is,  it  may  chance  that  the  theoretic 
quantities  given  above  may  not  yield  exact  results,  due  to  some 
variation  in  strength  of  either  acid  or  alkali.  In  such  cases  we  there- 
fore look  for  residts  rather  than  figures,  and  use  an  extra  quantity 
of  the  ingredients  to  get  the  results,  if  necessary. 

Thus,  if  after  adding  the  directed  quantity  of  acid,  the  mixture 
is  still  alkaline  (until  a  drop  turns  red  litmus  blue),  add  acid  until 
faintly  acid  (turns  blue  litmus  red). 

Usually,  after  the  acid  is  added,  the  reaction  will  be  distinctly 
acid,  as  the  ammonia  is  more  apt  to  lose  strength  on  standing  than 
is  the  acid.  If  such  is  the  case,  add  ammonia  until  tke  mixture  is 
distinctly  alkaline — until  a  drop  turns  red  litmus-paper  blue. 

Be  sure  ta  have  evaporating  mixture  alkaline.  An  excess  of  acid  will 
spoil  the  product;  an  excess  of  alkali  will  have  no  hurtful  result,  since 
the  excess  of  ammonia  will  be  driven  off  as  the  salt  reaches  dryness. 

Evaporate  to  dryness,  but  do  not  continue  heat  after  dryness — 
as  the  ammonium  sulphate  is  volatile. 

MAKE  AMMONIUM    IODIDE 

Potassium  iodide i  troy  ounce  or Gm. 

Ammonium  sulphate 109  grains  or  Gm. 

Water i  fluidounce  or  Cc. 

Put  salts  in  Erlenmeyer  flask,  add  the  water  while  boiling,  stir 
well,  and  let  cool.  Then  add  1  drachm  alcohol,  cool  the  mixture  with 
ice  or  running  water,  and  throw  the  mixture  on  funnel  plugged  with 
cotton.  When  the  liquid  has  filtered  through,  wash  precipitate  with 
1  drachm  of  a  mixture,  consisting  of  alcohol,  1  part,  water,  2  parts. 
Then  put  filtrate  in  pint  evaporating  dish,  and  evaporate  solution 
rapidly  to  dryness,  stirring  constantly. 

Explanation. — In  this  process  a  double  decomposition  occurs 
between  the  potassium  iodide  and  ammonium  sulphate,  whereby 
potassium  sulphate  and  ammonium  iodide  are  formed. 
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Equation: 
KI     +     (NH,),SO,     = 

Complete  this  equation. 

Calculation. — Figure  out  molecular  weights  of  each  of  the  above 
substances,  and  from  the  molecular  weights  learn  the  weights  by 
which  the  two  chemicals  combine.  Then  solve  the  following  prob- 
lems: 

1.  How  much  potassium  iodide  and  ammonium  sulphate  are 
needed  to  make  290  grains  of  ammonium  iodide? 

2.  How  much  potassium  iodide  and  ammonium  sulphate  are  needed 
to  make  218  grains  of  ammonium  iodide? 

Compare  these  figures  with  above  recipe,  and  see  how  closely  they 
agree. 

Remarks  on  Process. — Looking  at  the  explanation  of  the  chemistry 
of  the  process,  we  see  that  the  products  of  the  reaction  between  potas- 
sium iodide  and  ammonium  sulphate  are  potassium  sulphate  and 
ammonium  iodide.  Now  it  chances  that  both  of  these  chemicals, 
like  the  substances  from  which  they  are  made,  are  soluble  in  water. 
How  are  we  to  obtain  the  ammonium  iodide  we  desire  free  from  the 
potassium  sulphate? 

In  all  manufacturing  chemistry  effort  is  made  to  get  all  the  re- 
action products  save  the  one  we  desire  in  some  form  different  from 
the  one  we  want. 

Thus,  in  making  solution  of  soda,  we  choose  as  the  sodium  ingre- 
dient sodium  carbonate,  knowing  that  that  would  produce  with  the 
lime  insoluble  calcium  carbonate,  thus  leaving  the  soda  itself  in  the 
solution,  free  from  any  other  substance.  Again,  if  we  want  an  in- 
soluble body,  say,  precipitated  chalk,  we  try  to  get  the  other  reaction 
products  in  a  soluble  form.     (See  p.  493.) 

In  the  ammonium  iodide  we  cannot  think  of  any  salt  we  can  use 
that  will  obtain  for  us  the  second  reaction  product  in  insoluble  form. 
Every  combination  we  think  of  will  yield  some  chemical  soluble  in 
water,  even  as  is  ammonium  iodide.  Therefore  we  have  to  devise 
some  way  of  separating  the  iodide  from  the  potassium  sulphate,  and 
we  accomplish  this  by  use  of  alcohol,  in  which  the  iodide  is  freely 
soluble,  while  the  sulphate  dissolves  but  slightly. 

Filter  through  funnel  'plugged  with  cotton,  even  as  you  did  granulated 
ferrous  sulphate.     (See  p.  1099.) 

Evaporate  rapidly,  as  the  product  is  quite  unstable,  easily  giving  up 
its  iodide  and  becoming  brown.  For  this  reason,  during  evaporation, 
it  is  advisable  to  add  a  drop  of  ammonium  sulphide  test  solution, 
^rom  time  to  time,  to  prevent  decomposition. 

MAKE  PRECIPITATED   CHALK 
Marble 10  Gm. 

Put  in  beaker  and  add  a  mixture  of — 

Hydrochloric  acid 23  Gm. 

Water 45  Cc. 
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Watch  effervescence,  and  when  solution  is  complete,  filter  into  another 
beaker.     Then  add  a  solution  of  : 

Monohydrated  sodium  carbonate 12.4  Gm. 

Water 90     Cc. 

Stir,  let  precipitate  subside,  then  decant  supernatant  liquid,  add  more 
water,  and  finally  precipitate  on  to  a  plain  filter  and  continue  washing 
until  wash  liquor  no  longer  gives  precipitate  with  either  calcium 
chloride  solution  or  silver  nitrate  solution.     Then  let  precipitate  dry. 

Explanation. — This  process  is  in  two  stages. 

First,  the  insoluble  marble  (crude  calcium  carbonate)  is  dissolved 
in  hydrochloric  acid,  forming  soluble  calcium  chloride  with  the  evolu- 
tion of  carbon  dioxide,  viz.: 

Equation  A: 

Calcium  Hydrochloric  Calcium  Carbon 

carbonate      plus  acid  give    cliloride  plus  dioxide  plus  Water. 

CaCOj  +  HCl  =  +  + 

Complete  this  equation. 

The  dissolving  of  marble  by  hydrochloric  acid  is  for  the  purpose 
of  purification,  it  being  easier  to  purify  substances  when  in  solution 
than  in  solid  form.  The  solution  of  calcium  chloride  is  then  treated 
with  sodium  carbonate,  when  calcium  carbonate  (precipitated  chalk) 
separates  out,  while  sodium  chloride  goes  into  solution. 

The  reaction  is: 

Equation  B: 


Calcium 

Sodium 

Calcium 

Sodium 

chloride    plus 

carbonate 

give    carbonate 

plus 

chloride. 

CaCL,        + 

Na^COgH^O 

= 

+ 

Complete  this  equation. 

Calculations. — First,  the  manufacture  of  calcium  chloride.  Work 
out  the  molecular  weights  of  calcium  carbonate,  hydrochloric  acid, 
and  calcium  chloride,  and  place  under  equation  given  above.  Then 
solve  the  following  problems: 

1.  How  many  grammes  of  absolute  (100  per  cent.)  hydrochloric  acid 
needed  to  combine  with  100  Gm.  of  calcium  carbonate? 

2.  How  many  grammes  of  31.9  per  cent,  hydrochloric  acid  needed 
to  combine  with  100  Gm.  of  calcium  carbonate? 

3.  How  many  grammes  of  calcium  chloride  will  be  made  from  100 
Gm.  of  calcium  carbonate? 

4.  How  many  grammes  of  31.9  per  cent,  hydrochloric  acid  needed 
to  combine  with  10  Gm.  calcium  carbonate? 

Compare  these  figures  with  the  recipe  given  above. 

Now  let  us  calculate  the  manufacture  of  calcium  carbonate. 
Work  out  molecular  weights  of  calcium  chloride,  calcium  carbonate, 
and  monohydrated  sodium  carbonate,  and  place  these  molecular 
weights  under  the  equation  (B)  given  above.  Then  solve  the  following 
problems: 

1.  How  many  grammes  of  calcium  carbonate  can  be  made  from  111 
Gm.  of  calcium  chloride? 
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2.  How  many  grammes  of  monohydrated  sodium  carbonate  needed 
to  combine  111  Gm.  of  calcium  chloride? 

3.  How  many  grammes  of  calcium  carbonate  can  be  made  from 
11,1  Gm.  of  calcium  chloride? 

4.  How  many  grammes  of  crystalline  sodium  carbonate  needed  to 
combine  11.1  Gm.  of  calcium  chloride? 

Compare  these  figures  with  that  of  the  recipe  given  above. 

Remarks  on  Process. — The  solution  of  the  marble  and  the  precipita- 
tion of  the  chalk  are  explained  fully  enough  in  recipe. 

Decant  supernatant  liquid.  Supernatant  liquid  is  the  clear  liquid 
resting  above  precipitate.  Decant  it  by  gently  tilting  beaker,  being 
careful  to  keep  precipitate  resting  quietly  at  bottom  of  beaker.  Use 
guiding  rod  if  desired.     (See  p.  126.) 

Wash  precipitate  to  remove  all  soluble  salts,  be  they  either  calcium 
chloride  or  sodium  carbonate.  If  the  former  is  present,  the  silver 
nitrate  will  give  a  white,  curdy  precipitate;  if  sodium  carbonate  is 
there,  the  calcium  chloride  will  give  a  white  precipitate.  If  both  are 
washed  out  and  only  water  passes  through  the  precipitated  chalk, 
it  will,  of  course,  produce  no  precipitate  with  either  reagent. 

Dry  the  precipitate  as  you  did  the  granulated  salts  (see  p.  1098), 
only,  if  desired,  more  heat  can  be  used  than  with  them — even  the  heat 
of  a  radiator  or  a  drying  oven. 

MAKE  EFFERVESCENT  MAGNESIUM  CITRATE,  U.  S.  P.  1890 

Recipe. — Magnesitun  carbonate 5  Gm. 

Citric  acid 23  Gm. 

Sodium  bicarbonate 17  Gm. 

Sugar,  in  fine  powder 4  Gm. 

Alcohol, 

Distilled  water,  each,  a  sufficient  quantity. 

Mix  the  magnesium  carbonate  intimately  tvith  15  Gm.  of  citric 
acid  and  2  Cc.  of  distilled  water,  so  as  to  form  a  thick  paste.  Dry 
this  at  a  temperature  not  exceeding  30°  C.  (86°  F.),  and  reduce  it  to  a 
fine  powder.  Then  mix  it  intimately  with  the  sugar,  the  sodium 
bicarbonate,  and  the  remainder  of  the  citric  acid,  previously  reduced 
to  a  very  fine  powder.  Dampen  the  powder  with  a  sufficient  quantity 
of  alcohol,  so  as  to  form  a  mass,  and  rub  it  through  a  No.  6  tinned- 
iron  sieve.     Then  dry  it,  and  reduce  it  to  a  coarse,  granular  powder. 

Keep  the  product  in  well-closed  vessels. 

Chemical  Explanation. — The  first  reaction  is  that  between  mag- 
nesium carbonate  and  citric  acid,  whereby  magnesium  citrate  (Mgg- 
(C6H507)2)  is  produced,  while  carbonic  acid  gas  is  expelled. 

Owing  to  the  complex  formula  of  magnesium  carbonate  (which 
look  up  on  p.  499),  the  equation  representing  reaction  is  omitted,  and 
partially  because  the  amount  of  citric  acid  directed  is  far  in  excess  of 
the  theoretic  quantity.  In  short,  the  preparation,  while  made  by 
chemical  reaction,  is  more  like  a  pharmaceutic  combination. 

The  dried  acid  magnesium  citrate  is  then  mixed  with  sugar,  sodium 
bicarbonate,  and  more  citric  acid,  great  care  being  taken  to  prevent 
chemical  action  between  the  last  two  ingredients.  For  this  reason 
we  moisten  the  mass  before  granulation  with  alcohol,  and  not  with 
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water,  since  water  would  dissolve  the  bicarbonate  and  the  acid,  and 
thus  bring  about  the  action  which  it  is  desired  to  retard. 

The  dry  granules,  therefore,  contain,  besides  sugar  and  magnesium 
citrate,  particles  of  sodium  bicarbonate  and  citric  acid  resting  side 
by  side  uncombined.  So  soon  as  the  dry  granules  are  thrown  into 
water  the  two  chemicals  last  mentioned  combine,  with  violent  effer- 
vescence, as  shown  by  the  following  equation: 

Sodium  Citric  Sodium  Carbon 

bicarbonate     plus  acid         give       citrate      plus    dioxide    plus    Water. 

NaHCOa         +         HaCeH^O,        =  +  + 

Complete  this  equation.  The  effervescence  is  due  to  the  liberation 
of  carbon  dioxide. 

Remarks  on  Process. — Mix  the  magnesium  carbonate  and  the  citric 
acid  by  triturating  in  mortar,  having  first  finely  powdered  each. 

Magnesium  carbonate  in  blocks  can  best  be  powdered  by  rubbing 
against  a  No.  40  or  50  sieve. 

No  more  water  than  that  directed  (2  Cc.)  need  be  used  to  make  paste. 

Trituration  of  mass  with  pestle  will  hasten  the  result. 

When  paste  is  made,  scrape  off  mass  from  pestle,  using  a  nickle- 
plated  or  horn  spatula,  if  possible.  There  is  great  danger  of  iron  con- 
tamination if  a  steel  spatula  is  used. 

Dry  mass  by  placing  mortar  containing  it  on  radiator  or  at  back 
of  a  stove. 

When  dry,  powder  the  magnesium  citrate  and  add  the  other  in- 
gredients. 

Moisten  with  strong  alcohol,  not  using  more  than  2  Cc.  of  the  alcohol. 
If  the  mixture  is  kneaded  sufficiently,  a  soft  mass  will  result. 

Push  moist  mass  through  clean  coarse  sieve,  letting  granules  fall 
on  paper  placed  beneath. 

Dry  granules  by  placing  paper  on  radiator  and  put  into  dry  bottle 
without  great  delay. 

MAKE  SYRUP   OF  LIME,  U.  S.  P. 

Recipe. — Lime 6.5  Gm. 

Sugar 35.0  Gm. 

Water,  a  sufficient  quantity, 


To  make. .   100  Cc. 

Slake  the  lime  by  the  addition  of  4  Cc.  of  water  with  the  aid  of  heat, 
then  mix  it  and  the  sugar  thoroughly  in  a  mortar,  so  as  to  form  a 
homogeneous  powder;  add  the  mixture  to  50  Cc.  of  boiling  water, 
contained  in  a  bright  copper  or  tinned-iron  vessel,  and  boil  for  five 
minutes,  constantly  stirring.  Dilute  the  liquid  with  sufficient  water 
to  make  it  measure  95  Cc,  and  filter  through  white  paper,  closely 
covering  the  funnel  during  filtration.  Then  add  through  the  filter 
enough  water  to  make  the  product  measure  100  Cc,  and  mix  throughly. 
Keep  syrup  in  well-stoppered  bottles. 

Chemical  Explanation. — Lime  is  only  sparingly  soluble  in  water, 
lime  water,  the  saturated  solution,  containing  only  one-sixth  of  1  per 
cent,  of  lime. 

On  the  other  hand,  lime  is  quite  soluble  in  water  if  first  combined 
with  sugar:  for,  in  this  case,  a  chemical  combination  takes  place  be- 
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tween  the  lime  and  the  sugar.  Such  combination  is  called  calcium 
saccharate,  although  this  is  scarcely  correct,  inasmuch  as  sugar  con- 
tains no  acid,  but  is  an  aldehyde  or  ketone  alcohol,  and  the  calcium 
compound  is,  therefore,  similar  to  sodium  alcoholate  (see  p.  655) 
and  sodium  carbolate  (see  p.  758). 

Since  the  chemistry  of  this  calcium  saccharate  is  rather  vague, 
no  attempt  will  be  made  to  work  out  the  equation  of  manufacture. 

Remarks  on  Process. — The  bright  copper  vessel  can  be  a  well- 
scoured  copper  water-bath.  Porcelain  dish  not  advisable,  since  the 
lime  will  attack  the  glazing. 

Filter  diluted  liquid  through  white  paper.  The  filtrate  should  be 
perfectly  transparent,  and  must  be  returned  through  filter-paper  until 
it  is  clear. 

Strain  through  piece  of  muslin  previously  well  wetted  with  water. 

In  evaporating  filtrate  do  not  let  it  get  too  concentrated,  for  then 
there  results  a  sticky  mass,  which  is  difficult  to  remove. 

In  boiling  the  solids  with  water,  be  sure  to  add  extra  water  to  make 
up  for  loss  of  water  through  evaporation.  If  this  is  not  heated,  a 
sticky  and  difficultly  soluble  mass  results. 

MAKE  SOLUTION  OF  ZINC  CHLORIDE,  U.  S.  P. 

Recipe. — Zinc,  granulated 12.0  6m. 

Hydrochloric  acid 42.0  Gm. 

Nitric  acid 0.6  Gm. 

Precipitated  zinc  carbonate 0.6  Gm. 

Distilled  water,  a  sufficient  quantity,  


To  make  about. .  50  Gm. 

To  the  zinc,  contained  in  a  glass  or  porcelain  vessel,  add  8  Cc.  of 
distilled  water;  then  gradually  add  the  hydrochloric  acid,  and  digest 
until  reaction  ceases  and  the  acid  is  saturated..  Pour  off  the  solution, 
add  the  nitric  acid,  and  heat  the  solution  at  a  temperature  not  exceeding 
115*^  C.  (239°  F.),  until  a  portion,  if  removed  and  cooled,  solidifies. 
Allow  it  to  cool,  and  dissolve  the  solidified  mass  in  a  sufficient  quantity 
of  distilled  water  to  make  the  product  weigh  50  Gm.  Then  add  the 
precipitated  zinc  carbonate,  agitate  the  mixture  occasionally  during 
twenty-four  hours,  and  set  it  aside  until  it  has  become  clear  by  sub- 
sidence. Finally,  separate  the  clear  solution  by  decantation  or  by 
means  of  a  siphon. 

Chemical  Explanation. — Zinc  chloride  is  made  by  treating  zinc  with 
hydrochloric  acid,  the  reaction  being  as  follows: 

Zinc  plus  Hydrochloric  acid  give  Hydrogen  plus  Zinc  chloride. 
Zn     +  HCl  =  +  ., 

Complete  this  equation. 

As  this  solution  is  supposed  to  be  made  from  commercial  zinc,  and  as 
this  usually  contains  iron,  the  iron  chloride  produced  when  such  metal 
is  dissolved  in  hydrochloric  acid  must  be  removed  from  the  solution. 
This  is  accomplished  by  adding  nitric  acid,  evaporating  the  solution, 
and  finally  fusing  the  dry  mass.  Neither  nitric  acid  nor  fusion  affects 
the  zinc  chloride,  while  nitric  acid  and  fusion  convert  the  ferric  chloride 
into  insoluble  ferric  oxide,  and  when  the  fused  mass  is  treated  with 


■M 
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water,  the  zinc  chloride  dissolves,  leaving  the  ferric  oxide  as  an  in- 
soluble residue. 

The  solution  is  too  caustic  to  be  filtered  through  paper,  so  the  ferric 
oxide  is  removed  by  sedimentation,  precipitated  zinc  carbonate  being 
added  to  aid  in  the  clarification. 

_  Calculations. — Figure  out  the  molecular  weights  of  hydrochloric 
acid  and  of  zinc  chloride,  and  give  the  atomic  weight  of  zinc,  and  with 
these  figures  work  out  the  following  examples: 

1.^  How  many  grammes  of  zinc  and  absolute  (100  per  cent.)  hydro- 
chloric acid  needed  to  make  136  Gm.  zinc  chloride? 

2.  How  many  grammes  of  31.9  per  cent,  hydrochloric  acid  needed 
to  make  136  Gm.  zinc  chloride? 

3.  How  much  zinc  chloride  in  50  Gm.  solution  of  zinc  chloride, 
U.  S.  P.,  if  this  solution  contains  50  per  cent,  of  the  salt? 

4.  How  much  zinc  and  31.9  per  cent,  hydrochloric  acid  needed  to 
make  25  Gm.  of  zinc  chloride? 

5.  Then  how  much  zinc  and  31.9  per  cent,  hydrochloric  acid  needed 
to  make  50  Gm.  solution  of  zinc  chloride,  U.  S.  P.? 

Compare  with  quantities  given  in  above  recipe. 

Remarks  on  Process. — Place  zinc  in  Erlenmeyer  flask,  and  add 
thereto  the  water  a»d  the  acid. 

Digest  mixture  by  letting  stand  several  hours  in  a  warm  place — 
say,'  on  a  radiator  or  at  back  of  stove.  Note  evolution  of  hydrogen 
gas  as  the  zinc  dissolves  in  the  hydrochloric  acid. 

Pour  off  solution  (instead  of  filtering)  into  a  beaker  or  8-ounce  wide- 
mouthed  bottle,  and  evaporate  to  dryness  in  small  evaporating  dish 
on  sand-bath.  If  the  dish  is  not  large  enough  to  hold  all  the  solu- 
tion at  one  time,  add  part  at  first,  and  when  this  has  evaporated,  add 
the  rest.     When  mass  is  dry, 

Fuse  cautiously,  so  as  to  not  exceed  the  pharmacopcfiial  tempera- 
ture, else  the  zinc  chloride  loses  chlorine  and  decomposes.  A  ther- 
mometer is  not  necessary,  however,  if  the  mass  is  cautiously  fused  over 
a  Bunsen  burner 

Dissolve  fused  mass  in  about  25  Cc.  distilled  water,  and  transfer 
to  tared  Erlenmeyer  flask.  Wash  out  dish  with  5  to  10  Cc.  water, 
and  use  tl^is  water  for  bringing  the  weight  of  the  solution  in  Erlen- 
meyer up  to  50  Gm. 

Separate  clear  solution  by  deeantation.  A  syphon  is  suitable  only 
when  a  large  quantity  is  made. 

MAKE  SOLUTION  OF  TERSULPHATE  OF  IRON,  U.  S.  P. 

Recipe. — Ferrous  sulphate,  in  clear  crystals 62.5  Gm. 

Sulphuric  acid 12.0  Gm. 

Nitric  acid, 

Distilled  water,  each,  a  sufficient  quantity, 

To  make. .   125  Gm. 

Add  the  sulphuric  acid  to  about  30  Cc.  of  distilled  water  in  a 
capacious  porcelain  dish,  heat  the  mixture  to  nearly  100°  C.  (212°  F.), 
then  add  7  Gm.  of  nitric  acid,  and  mix  well.  Divide  the  ferrous  sul- 
phate, coarsely  powdered,  into  four  equal  portions,  and  add  these 
portions,  one  at  a  time,  to  the  hot  liquid,  stirring  after  each  addition 
until  effervescence  ceases.     When  all  the  ferrous  sulphate  is  dissolved, 
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if  the  solution  has  acquired  a  black  color,  add  nitric  acid,  a  few  drops 
at  a  time,  heating  and  stirring  until  it  no  longer  causes  red  fumes 
to  be  evolved,  and  the  solution  assumes  a  clear,  reddish-brown  color; 
then  boil  the  liquid  until  it  is  free  from  nitric  acid.  Lastly,  add  enough 
distilled  water  to  make  the  product  weigh  125  Gm.  Filter  if  necessary. 
Chemical  Explanation. — This  solution  is  prepared  by  the  oxidation 
of  green  ferrous  sulphate,  FeS04,  to  red-brown  ferric  sulphate, 
Fe2(S04)3,  through  oxidizing  action  of  nitric  acid  in  the  presence  of 
sulphuric  acid.  The  need  of  this  extra  sulphuric  acid  is  shown  in  com- 
parison of  the  formulas  of  ferrous  sulphate  and  ferric  sulphate  re- 
spectively: 

Ferrous  sulphate.  Ferric  sulphate. 

FeSO.  Fe,iSO,% 

2FeS0«  or  Fe^CSOJa  in  changing  to  Fe^CSOJa, 

requiring  an  extra  SO4  group. 

The  oxidizing  action  of  nitric  acid  is  fully  explained  on  p.  420, 
and  there  it  is  shown  that  every  two  molecules  of  nitric  acid  give 
three  atoms  of  oxygen  in  oxidations.  With  these  hints  construct  the 
equation  representing  the  reaction,  viz.: 

Ferrous  sulphate  plus  sulphuric  acid  plus  nitric  acid  equals  ferric 
sulphate  plus  nitrogen  dioxide  plus  water. 

Note  that  the  red  fumes  given  off  during  the  reaction  are  not 
N2O2,  but  are  N,04,  which  is  formed  the  moment  the  colorless  gas 
N2O2,  comes  in  contact  with  air,  viz.: 

Calculations. — Figure  out  molecular  weight  of  crystallized  ferrous 
sulphate  (B"'eS047H20),  sulphuric  acid,  nitric  acid,  and  ferric  sulphate, 
and  with  these  figures  work  out  the  following  examples: 

1.  How  many  grammes  crystalline  ferrous  sulphate,  100  per  cent, 
sulphuric  acid,  and  100  per  cent,  nitric  acid  needed  to  make  1200  Gm. 
of  feiric  sulphate? 

2.  How  many  grammes  91  per  cent,  sulphuric  acid  needed  to  make 
1200  Gm.  of  ferric  sulphate? 

3.  How  many  grammes  68  per  cent,  nitric  acid  needed  to  make 
1200  Gm.  of  ferric  sulphate? 

4.  How  many  grammes  of  ferric  sulphate  are  contained  in  125  Gm. 
of  solution  of  ferric  sulphate,  U.  S.  P.  (36  per  cent.). 

5.  How  many  grammes  of  crystalline  ferrous  sulphate,  91  per  cent, 
sulphuric  acid,  and  68  per  cent,  nitric  acid  needed  to  make  45  Gm. 
ferric  sulphate? 

6.  Then  how  many  grammes  of  these  three  constituents  needed 
to  make  125  Gm.  of  solution  of  ferric  sulphate,  U.  S.  P.? 

Compare  with  quantities  in  official  recipe. 

Remarks  on  Process. — Mix  sulphuric  acid  and  water  in  tared  pint 
evaporating  dish,  carefully  pouring  acid  into  water  and  not  the  reverse. 

Add  the  ferrous  sulphate  gradually,  letting  reaction  end  before 
adding  another  of  the  four  portions. 

Add  the  nitric  acid  fairly  generously.  If  you  get  an  excess,  it  can 
be  driven  off  by  heating  mixture.  Do  not  add  too  much,  however, 
as  it  will  be  wasteful  of  the  acid,  and  will  also  require  long  heating  to 
drive  it  all  off. 
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« 

//  the  liquid  is  black,  it  means  an  insufficiency  of  nitric  acid.  Add 
some,  and  the  red  tint  will  come,  accompanied  by  evolution  of  NjO^ 
fumes. 

Boil  until  free  from  nitrous  odor,  that  is,  the  choking  odor  of  nitric 
acid  and  of  N2O4.     Experience  will  readily  teach  you  the  odor. 

Add  water  to  make  product  weigh  125  Gm.  To  do  this  easily,  be 
sure  to  tare  the  dish  before  starting. 

MAKE  SOLUTION  OF  FERRIC  CITRATE',  U.  S.  P. 

Kedpe. — Solution  of  ferric  sulphate 52.5  Gm. 

Citric  acid 15.0  Gm. 

Ammonia  water 44.0  Cc. 

Water,  a  sufficient  quantity, 

To  make. .  50  Gm. 

Mix  the  ammonia  water  with  150  Cc.  of  cold  water,  and  the  solution 
of  ferric  sulphate  with  500  Cc.  of  cold  water.  Add  the  latter  solution 
slowly  to  the  diluted  ammonia  water,  with  constant  stirring.  Pour 
the  mixture  on  a  wet  muslin  strainer,  and  allow  the  liquid  to  run  off 
and  the  precipitate  to  drain.  Then  remove  the  moist  mass  from  the 
strainer,  mix  it  well  with  300  Cc.  of  cold  water,  again  pour  it  on  the 
strainer,  and  let  it  drain.  Repeat  this  washing  with  several  successive 
portions  of  cold  water  in  the  same  manner,  until  the  washings  cease  to 
produce  more  than  a  slight  cloudiness  with  barium  chloride  test- 
solution.  Then  allow  the  precipitate  to  drain  completely,  transfer  it 
to  a  porcelain  capsule,  add  the  citric  acid,  and  heat  the  mixture,  on  a 
water-bath,  to  60°  C.  (140°  F.),  stirring  constantly  until  the  precipitate 
is  dissolved.  Lastly,  filter  the  liquid,  and  evaporate  it,  at  the  above- 
mentioned  temperature,  until  it  weighs  50  Gm. 

Chemical  Explanation. — The  first  stage  of  the  process  of  the  pre- 
cipitation of  ferric  hydroxide  from  the  solution  of  ferric  sulphate  is  by 
the  following  reaction: 

Ferric  Arnmonium  Ferric  Ammonium 

sulphate       plus       hydroxide     give     hydroxide     plus        sulphate. 
Fe^CSOJa         +         NH,OH  =  + 

Complete  this  equation. 

The  ferric  hydroxide  is  freed  from  ammonium  sulphate  by  washing 
with  water,  and  is  then  treated  with  citric  acid,  which  converts  the 
moist  ferric  hydroxide  into  solution  of  ferric  citrate,  viz.: 

Ferric  Citric  Ferric 

hydroxide      plus  acid  give        citrate       plus     Water. 

Fe,(OH),         +         HjCeHA         =  + 

Complete  this  equation. 

Calculations. — As  the  ferric  citrate  is  a  rather  variable  product, 
containing  excess  of  citric  acid,  attempts  to  figure  out  proportions  by 
molecular  weights  are  of  no  avail. 

Remarks  on  Process. — Place  the  diluted  ammonia  in  a  quart  fruit- jar, 
and  pour  therein  the  solution  of  ferric  sulphate  diluted  with  500  Cc. 
of  water  directed  by  U.  S.  P.  Note  the  red-brown  ferric  hydroxide  pre- 
cipitates as  a  magma  (p.  141).  Note  that  this  is  the  antidote  for  arsenic 
(p.  564). 
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Pour  mixture  on  wet  muslin  strainer,  spread  upon  a  straining  rack. 
Unless  the  strainer  is  of  fine  mesh,  the  precipitate  will  run  through. 
If  tc"»  fine,  the  draining  will  be  a  slow  operation.  In  large  operations 
it  is  well  to  have  three  strainers  on  racks  placed  one  above  the  other, 
and  the  magma  is  poured  into  the  upper  one.  Most  of  the  precipitate 
which  passes  through  the  upper  strainer  is  caught  by  the  middle  one, 
and  whatever  does  get  through  the  middle  one  is  caught  by  the  lowest 
one.  In  laboratory  work  the  laying  of  a  6-inch  filter-paper  flat  on 
the  strainer  holds  the  magma  excellently.  Collect  drippings  in  pint 
evaporating  dish  and  return  to  strainer  whatever  passes  through  con- 
taining magma.     The  drippings  should  be  clear  and  colorless. 

Remove  mass  from  strainer  while  washing.  This  part  of  the  phar- 
macopoeial  process  is  a  smeary  process  in  the  laboratory  operation. 
In  large  operations,  where  the  stainer  is  fine  duck  attached  to  the  frame, 
the  magma  can  be  easily  scraped  from  the  strainer  with  a  big  spoon; 
but  in  the  laboratory  process  it  is  usually  better  to  wash  magma  while 
on  the  strainer,  and  that  either  with  a  syphon  (p.  126)  or  by  contin- 
uous washing  with  inverted  flask  (p.  124).  In  washing  thus,  be  care- 
ful not  to  disturb  the  magma  so  that  it  will  run  through  strainer. 

Wash  until  drippings  give  no  precipitate  with  barium  chloride. 
That  is,  until  free  from  ammonium  sulphate. 

Transfer  magma  to  porcelain  capsule — that  is,  to  evaporating  dish, 
by  scraping  off  the  strainer  with  spatula  or  with  a  spoon. 

Do  not  heat  magma  and  citric  acid  above  60°  C. — that  is,  even  the 
full  heat  of  a  water-bath  is  apt  to  decompose  the  citrate. 

Filter  solution  and  evaporate  in  tared  pint  evaporating  dish. 

MAKE  FERRIC  CITRATE,  U.  S.  P.  1890  (IN  SCALES) 
Recipe. — Solution  of  ferric  citrate 25  Gm. 

Evaporate  the  solution  on  a  water-bath,  at  a  temperature  not  ex- 
ceeding 60°  C.  (140°  F.),  to  the  consistence  of  syrup,  and  spread  it  on 
plates  of  glass,  so  that,  when  dry,  the  salt  may  be  obtained  in  scales. 

Keep  the  product  in  well-stoppered  bottles,  protected  from  light. 

Remarks  on  Process. — Solution  of  ferric  citrate  (U.  S.  P.  1890)  is 
about  50  per  cent,  solid  ferric  citrate,  and  the  25  Gm.  should,  therefore, 
yield  about  12^  Gm.  of  the  scaled  salt. 

Evaporate  at  low  temperature  (60°  C.)  to  avoid  decomposition. 

Spread  syrupy  liquid  on  sheet  of  ylass  or  on  a  pill-tile.  Be  sure  to 
spread  thinly,  using  glass  rod  in  gettmg  layer  smooth.  If  poured  on 
thickly,  opaque  scales  result. 

Leave  liquid  on  plates  until  perfectly  dry,  using  no  heat  whatever. 
Artificial  heat — even  a  radiator — causes  blisters. 

//  properly  prepared,  the  dry  salt  will  scale  off  the  pill-tile  without 
scraping,  and  that  in  the  form  of  beautiful  shining  garnet  scales. 

MAKE  MASS  OF  FERROUS  CARBONATE 

Recipe. — Ferrous  sulphate,  in  clear  crystals 20.0  Gm. 

Monohydrated  sodium  carbonate 9.2  Gm. 

Clarified  honey 7.6  Gm. 

Sugar,  in  coarse  powder 5.0  Gm. 

Syrup, 

Distilled  water,  each,  a  sufl&cient  quantity, 

To  make . .  20  Gm. 
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Dissolve  the  ferrous  sulphate  and  the  monohydrated  sodium  car- 
bonate, each  separately,  in  40  Cc.  of  boiling  distilled  water,  and,  hav- 
ing added  4  Cc.  of  syrup  to  the  solution  of  the  iron  salt,  filter  both 
solutions,  and  allow  them  to  become  cold.  Introduce  the  solution  of 
monohydrated  sodium  carbonate  into  a  bottle  having  a  capacity  of 
about  100  Cc,  and  gradually  add  the  solution  of  the  iron  salt,  rotating 
the  bottle  constantly  or  frequently,  until  carbonic  acid  gas  no  longer 
escapes.  Add  a  sufficient  quantity  ot  distilled  water  to  fill  the  bottle: 
then  cork  it  and  set  it  aside,  so  that  the  ferrous  carbonate  may  sub- 
side. Pour  off  the  supernatant  liquid,  and,  having  mixed  syrup 
and  distilled  water  in  the  proportion  of  one  volume  of  syrup  to  nine- 
teen volumes  of  distilled  water,  wash  the  precipitate  with  the  mixture 
by  decantation  until  the  washings  no  longer  have  a  saline  taste. 
Drain  the  precipitate  on  a  muslin  strainer,  and  express  as  much  of  the 
water  as  possible.  Lastly,  mix  the  precipitate  at  once  with  the 
honey  and  sugar,  and,  by  means  of  a  water-bath,  evaporate  the 
mixture  in  a  tared  dish,  with  constant  stirring,  until  it  is  reduced  to 
20  Gm. 

Chemical  Explanation. — When  solutions  of  ferrous  sulphate  and 
sodium  carbonate  are  mixed,  ferrous  carbonate  precipitates  in  the 
form  of  a  slate-gray  solid,  viz.: 


Ferrous 

Sodium 

Ferrous 

Sodium 

sulphate 

plus 

carbonate 

give 

carbonate 

plus 

sulphate. 

FeSOJH^O 

+ 

Na,C03H,0 

= 

+ 

Complete  this  equation. 

Ferrous  carbonate  is  a  very  unstable  substance,  being  converted 
by  action  of  the  atmosphere  into  red-brown  subcarbonate  of  iron — a 
mixture  of  ferrous  carbonate  and  ferric  oxide.  This  change  will  be 
noted  during  the  manufacture  of  the  mass  in  all  portions  not  protected 
from  atmospheric  action. 

The  presence  of  saccharine  matter  retards  this  change,  and  this 
explains  why  the  precipitate  is  washed  with  water  containing  syrup, 
and  why  the  finished  product  is  preserved  with  sugar  and  honey. 
The  precipitation  is  directed  to  be  performed  in  a  flask  which  is  to  be 
kept  closed  as  much  as  possible,  in  order  to  lessen  atmospheric  action. 
It  will  be  seen  above  that  the  other  product  of  the  reaction  is  sodium 
sulphate,  and  the  precipitate  is  to  be  washed  free  from  this  with 
water  and  syrup. 

Calculations. — The  pharmacopoeia  directs  no  definite  percentage  of 
ferrous  carbonate  in  the  mass,  since  the  handling  of  the  precipitate 
gives  much  chance  for  loss  and  uncertainty. 

We  will,  however,  calculate  the  amount  of  ferrous  carbonate  the 
mass  should  contain. 

Estimate  molecular  weight  of  crystalline  ferrous  sulphate  (FeSO^- 
7H2O),  of  monohydrated  sodium  carbonate  (Na2C03H20),  and  of 
ferrous  carbonate,  and  from  the  figures  work  out  the  following  ex- 
amples: 

1.  How  many  grammes  monohydrated  sodium  carbonate  will 
combine  with  278  Gm.  crystalline  ferrous  sulphate? 

2.  How  many  grammes  ferrous  carbonate  can  be  made  from  278 
Gm.  crystalline  ferrous  sulphate? 
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3.  How  many  grammes  of  monohydrated  sodium  carbonate  will 
combine  with  20  Gm.  of  crystalline  ferrous  sulphate? 

4.  How  many  grammes  ferrous  carbonate  can  be  made  from  20 
Gm.  crystalline  ferrous  sulphate? 

5.  How  many  grammes  of  ferrous  carbonate  should  there  be  in  20 
Gm.  mass  of  ferrous  carbonate? 

6.  Then  what  percentage  of  ferrous  carbonate  should  there  be  in 
mass  of  ferrous  carbonate? 

Remarks  on  Process. — Dissolve  the  ferrous  sulphate  in  water  in  one 
beaker. 

Dissolve  the  sodium  carbonate  in  water  in  the  other  beaker. 

Filter  the  sodium  carbonate  solution  into  Erlenmeyer  flask,  to  which 
a  cork  should  have  been  previously  fitted. 

Filter  the  ferrous  sulphate  solution  into  the  beaker  just  emptied 
after  it  has  been  washed  and  dried. 

Cork  the  Erlenmeyer  flask  as  soon  as  convenient,  after  adding  the 
ferrous  sulphate  solution,  but  be  careful  not  to  allow  enough  carbon 
dioxide  to  collect  to  explode  the  flask.  Open  flask  from  time  to  time 
to  let  collected  gas  escape,  but  only  for  a  moment  each  time.  Be  sure 
to  fill  flask  with  water,  as  directed  by  U.  S.  P. 

Wash  precipitate  on  same  kind  of  strainer  used  for  ferric  hydroxide 
in  making  ferric  citrate. 

Evaporate  mixture  in  tared  capsule,  that  is,  in  an  evaporating 
dish,  the  weight  of  which  should  first  be  ascertained. 

MAKE  SYRUP  OF  FERROUS  IODIDE,  U.  S.  P. 

Recipe. — Iron,  in  the  form  of  fine,  bright  wire,  and  cut  into 

small  pieces 1.25  Gm. 

Iodine 4.15  Gm. 

Diluted  hypophosphorous  acid 2.00  Cc. 

Sugar 60.00  Gm. 

Distilled  water,  a  sufficient  quantity,'  

To  make..    100  Gm. 

Introduce  the  iron  into  a  flask  of  thin  glass,  having  a  capacity  of 
about  50  Cc,  add  to  it  15  Cc.  of  distilled  water,  and  afterward  the 
iodine.  Shake  the  mixture  occasionally,  checking  the  reaction,  if 
necessary,  by  the  affusion  of  cold  water,  and,  when  the  solution  has 
acquired  a  greenish  color  and  has  lost  the  odor  of  iodine,  heat  it  to 
boiling  and  add  at  once  5  Gm.  of  the  sugar;  when  this  has  dissolved, 
filter  the  solution  into  the  remainder  of  the  sugar  contained  in  a  por- 
celain dish.  Rinse  the  flask  and  iron  wire  with  12^  Cc.  of  distilled 
water  and  pass  the  washings  through  the  filter  into  the  sugar.  Stir 
the  mixture  with  a  porcelain  or  wooden  spatula,  heating  the  liquid  on  a 
water-bath  until  complete  solution  is  effected,  and,  having  passed  the 
syrup  through  a  clean  muslin  strainer  into  a  tared  bottle,  add  the 
diluted  hypophosphorous  acid  and  sufficient  distilled  water  to  make 
the  product  weigh  100  Gm. 

Chemical  Explanation. — Ferrous  iodide  is  made  by  the  direct 
combination  of  the  two  elements,  iron  and  iodine,  viz. : 

Iron       plus       Iodine        equal       Ferrous  iodide. 
Fe  f  I 

Complete  this  equation. 
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Calculations.— Figure  out  the  atomic  ard  molecular  weights  in- 
volved in  the  above  equation,  and  then  solve  the  following  problems: 

1.  How  many  grammes  iron  needed  to  make  310  Gm.  ferrous 
iodide? 

2.  How  many  grammes  iron  needed  to  make  5  Gm.  ferrous  iodide? 

3.  How  many  grammes  iodine  needed  to  make  310  Gm.  ferrous 
iodide? 

4.  How  many  grammes  iodine  needed  to  make  5  Gm.  ferrous 
iodide? 

5.  How  many  grammes  ferrous  iodide  in  100  Gm.  syrup  ferrous 
iodide  (5  per  cent.)? 

6.  Then  how  many  grammes  of  iron  and  iodine  needed  to  make 
100  Gm.  syrup  of  ferrous  iodide? 

7.  Compare  these  figures  with  amounts  given  in  official  recipe. 
The  slight  excess  of  iron  is  used  to  insure  complete  combination  of  the 
iodine. 

Remarks  on  Process. — The  iron  used  had  best  be  that  form  known 
in  commerce  as  "card  teeth." 

Place  iron  either  in  Erlenmeyer  flask  or  in  large  test-tube. 

After  adding  the  iodine  it  is  well  to  plug  flask  with  a  pledget  of 
cotton  to  prevent  loss  of  iodine  by  volatilization. 

//  reaction  is  slorv  on  starting,  very  gentle  heat  may  be  employed. 
Very  gentle  is  meant,  as  anything  more  will  cause  loss  by  volatilization. 

//  reaction  becomes  violent,  check  it  by  holding  flask  under  running 
water. 

Have  the  sugar  in  tared  pint  evaporating  dish,  as  finished  product 
must  be  brought  up  to  a  certain  weight. 

Keep  in  completely  filled  bottles,  else  it  turns  brown  with  decom- 
position of  the  ferrous  iodide.  One-ounce  bottles  well  corked  are 
indicated. 

MAKE  SOLUTION  OF  LEAD  SUBACETATE,  U.  S.  P. 

Recipe. — Lead  acetate 18  Gm. 

Lead  oxide II  Gm. 

Distilled  water,  a  suflBcient  quantity, 


To  make..   100  Gm. 

To  the  finely  powdered  lead  oxide  contained  in  a  porcelain  dish, 
of  about  half-liter  capacity,  add  slowly  and  in  portions,  with  constant 
stirring,  the  lead  acetate  which  has  been  previously  dissolved  in  70  Cc. 
of  boiling  distilled  water,  and  boil  the  liquid  for  half  an  hour,  with 
occasional  stirring.  Finally,  when  cool,  filter  the  solution,  and  add 
sufficient  distilled  water,  which  has  been  previously  boiled  and  cooled, 
to  make  the  finished  product  weigh  100  Gm.  Keep  the  solution  in 
well-stoppered  bottles. 

Chemical  Explanation. — As  explained  on  p.  561,  a  "sub"  salt  is  a 
basic  salt — that  is,  a  combination  of  a  salt  of  a  metal  with  the  oxide 
of  the  same  metal. 

In  the  preparation  under  consideration  the  "sub"  salt  is  made 
by  direct  combination  of  the  salt  and  the  oxide,  lead  acetate  and  lead 
oxide  being  boiled  together  with  the  formation  of  lead  subacetate,  as 
shown  in  the  following  equation: 
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Lead  acetate         plus     Lead  oxide     give     Lead  subacetate 

plus 

Water 

Pb(C2H30,)23H20       +           PbO             =         Pb^OCC.HaOJ^ 

+ 

3H,0. 

(Soluble.)                       (Insoluble.)                      (Soluble.) 

Calculations. — Figure  out  molecular  weights  of  the  three  lead 
preparations  given  above,  and  from  these  figures  work  out  the  follow- 
ing examples: 

1.  How  many  grammes  lead  acetate  needed  to  make  548  Gm.  lead 
subacetate? 

2.  How  many  grammes  lead  acetate  needed  to  make  25  Gm. 
lead  subacetate? 

3.  How  many  grammes  lead  oxide  needed  to  make  548  Gm.  lead 
subacetate? 

4.  How  many  grammes  lead  oxide  needed  to  make  25  Gm.  lead 
subacetate? 

5.  How  many  grammes  lead  subacetate  in  100  Gm.  solution  of 
lead  subacetate  (25  per  cent.)  ? 

6.  Then  how  many  grammes  of  lead  subacetate  and  lead  oxide 
needed  to  make  100  Gm.  solution  of  lead  subacetate? 

Compare  with  amounts  directed  in  official  recipe. 

Remarks  on  Process. — Dissolve  lead  acetate  in  pint  flask. 

Pass  the  lead  oxide  through  a  No.  80  sieve  before  weighing,  and  then 
put  into  tared  pint  evaporating  dish. 

Boil  mixture  a  half-hour,  during  which  time  a  large  amount  of  the 
insoluble  lead  oxide  passes  into  the  soluble  lead  subacetate. 

All  the  lead  oxide  will  not  dissolve,  however,  and  that  is  the  reason 
an  excess  over  the  theoretic  amount  is  directed  in  official  recipe. 

Add  hot  water  to  make  up  the  loss  of  evaporation,  otherwise  the 
mixture  will  evaporate  to  dryness  during  the  half-hour's  boiling. 

Make  finished  product  weigh  100  Gm:  by  adding  enough  freshly 
boiled  water.  Even  distilled  water  contains  carbon  dioxide  if  allowed 
to  stand,  and  this  carbon  dioxide  will  precipitate  the  lead  as  lead  car- 
bonate; so  boil  the  water  to  drive  off  the  dissolved  carbon  dioxide 
before  using  it  as  a  diluent. 

Filter  in  closely  covered  funnel  and  keep  in  well-stoppered  bottles 
to  prevent  atmospheric  action.  The  air  contains  carbon  dioxide, 
and  this  precipitates  the  lead,  as  mentioned  above. 

MAKE  LEAD  PLASTER,  U.  S.  P.  1890 

Reeipe. — Lead  oxide 16  Gm. 

Olive  oil 30  Gm. 

Water,  a  sufficient  quantity. 

Mix  the  lead  oxide,  previously  passed  through  a  No.  80  sieve,  inti- 
mately with  about  one-half  of  the  olive  oil,  by  trituration,  and  add 
the  mixture  to  the  remainder  of  the  oil  contained  in  a  bright  copper 
boiler  of  a  capacity  equal  to  at  least  four  times  the  bulk  of  the  in- 
gredients. Then  add  5  Cc.  of  boiling  water,  and  boil  the  whole  to- 
gether, over  a  fire,  constantly  stirring  with  a  wooden  spatula,  until 
a  small  portion,  when  dropped  into  cold  water,  is  found  to  be  pliable 
and  tenacious.  From  time  to  time  add  a  little  water  to  replace  that 
lost  by  evaporation.     When  the  contents  of  the  boiler  have  acquired 
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a  whitish  color  and  are  perfectly  homogeneous,  transfer  them  to  a 
vessel  containing  warm  water,  and  as  soon  as  the  mass  has  sufficiently- 
cooled,  knead  it  well  with  the  water  so  as  to  remove  the  glycerin, 
renewing  the  water  from  time  to  time,  as  long  as  it  may  be  necessary. 
Finally,  divide  the  mass  into  rolls  of  suitable  size. 

Chemical  Explanation. — As  learned  on  p.  737,  when  an  oil — which 
is  the  conibination  of  glycerin  with  oleic  acid  and  other  acids — is 
treated  with  the  hydroxide  of  a  metal,  glycerin  is  set  free  and  a  metallic 
oleate  is  formed.  Thus,  if  an  oil  is  treated  with  soda  (NaOH),  sodium 
oleate  or  hard  soap  is  formed;  if  the  same  oil  is  treated  with  potassa 
(KOH),  potassium  oleate  or  soft  soap  is  obtained. 

Therefore,  when  olive  oil  is  boiled  with  lead  oxide  in  the  presence 
of  water  (thus  forming  lead  hydroxide,  viz.,  PbO  +  H20  =  Pb(OH)2), 
lead  oleate  is  produced  by  the  following  equation: 

Olive  oil 
(Olein) 

(Glyceryl  oleate)  plus  lead  hydroxide  give   lead  plaster      plus    glycerin 
C3H,(CisH330,)3     +         Pb(OH),         =    Pb(Ci,H330,),     +     C3H,(OH)3. 

Complete  this  equation. 

The  result  of  the  reaction  is  a  viscid  mass  consisting  chiefly  of 
lead  oleate,  and  called  lead  plaster,  and  by  kneading  this  lead  plaster 
with  water  the  glycerin  is  removed. 

As  the  olive  oil  contains  traces  of  glyceryl  palmitate  and  glyceryl 
stearate,  the  finished  plaster  contains  some  lead  palmitate  and  lead 
stearate;  hence  it  is  not  a  definite  chemical. 

Calculations. — Since  we  are  not  dealing  with  definite  chemicals, 
the  molecular  proportions  of  this  reaction  cannot  be  easily  worked  out; 
hence  they  are  omitted. 

Remarks  on  Process. — Triturate  the  sifted  lead  oxide  in  mortar  with 
about  half  the  oil,  rubbing  it  with  small  portions  of  the  oil  at  a  time, 
thus  using  the  oil  to  wash  the  oxide  into  the  rest  of  the  oil  in  the 
evaporating  dish.  Be  sure  to  get  all  the  oxide  out  of  the  mortar  into 
the  dish. 

The  plaster  should  be  cooked  in  a  copper  boiler,  since  the  lead  is  apt 
to  attack  glass  or  porcelain,  dissolving  off  some.  For  the  small  amount 
we  are  making,  however,  the  pint  evaporating  dish  can  be  used.  ^ 

Boil  mixture  in  dish  over  Bunsen  burner  flame  on  wire  gauze,  stirring 
with  wooden  paddle.  Both  glass  rod  and  steel  spatula  are  tabooed — 
the  first  for  fear  the  lead  might  attack  it;  the  steel  spatula  lest  the 
oleic  acid  attack  it. 

Replace  water  lost  by  evaporation,  and  that  only  cautiously,  adding 
boiling  hot  water.  The  temperature  of  the  boiling  plaster  mass  is 
considerably  above  100°  C,  and  if  cold  water  is  added,  steam  will  be 
developed  with  explosive  suddenness,  sputtering  the  hot  plaster  mass 
in  all  directions,  and  rendering  the  operator  liable  to  severe  burns. 

The  mass  is  finished  when  a  drop  solidifies  in  water. 

After  kneading  out  the  glycerin  from  the  finished  matter  the  glycerin 
may  be  recovered  from  the  watery  solution — from  the  wash-water — 
by  evaporating  off  the  water  at  very  low  heat. 
Use  hydrant  water  for  the  kneading. 
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MAKE  RESIN  PLASTER,  U.  S.  P.  1890 

Recipe. — Resin,  in  fine  powder 3.5  Gm. 

Lead  plaster 20.0  Gm. 

Yellow  wax 1.5  Gm. 

Melt  the  lead  plaster  and  yellow  wax  together  with  a  gentle  heat; 
then  add  the  resin,  and,  when  it  is  melted,  mix  the  mass  thoroughly. 

As  this  mixture  is  a  galenic  preparation,  there  will  be  no  molecular 
calculations. 

Remarks  on  Process. — Melt  the  mixture  in  pint  evaporating  dish 
and  strain  into  a  tin  or  tinned-iron  dipper. 

SPREAD  A  RESIN  PLASTER  4x6 

The  spreading  of  plasters  has  become  a  lost  art,  but  every  pharma- 
cist should  have  sufficient  practice  to  know  how  to  spread  one  in  an 
emergency. 

A  plaster  is  usually  spread  either  on  leather  (the  commercial 
variety  called  split  skin)  or  on  muslin.  This,  for  convenience,  we 
will  call  the  foundation. 

For  laboratory  practice  a  sheet  of  paper  can  be  used.  Let  the 
material  on  which  the  plaster  is  spread  be  sufficiently  large  to  permit 
a  margin  of  at  least  an  inch  all  around  after  the  plaster  is  spread. 


Fig.  245.  .  Fig.  246. 

Figs.  245  and  246. — Spreading  a  plaster. 

The  leather,  cloth,  or  paper  is  carefully  stretched  over  a  perfectly 
level  board  (the  clean  counter  will  do,  if  it  can  be  pierced  with  pins), 
and  fastened  down  at  margins  with  the  brass  or  nickle-headed  tacks 
known  commercially  as  thumb  tacks.  With  paper,  this  stretching  is 
unnecessary. 

Strips  of  fairly  heavy  linen  paper  are  cut  with  an  exact,  sharp 
margin,  the  strips  being  about  two  inches  wide  and  eight  inches  long. 
The  strips  are  placed  on  the  stretched  plaster  paper  in  such  a  way  as  to 
form  an  exactly  even  frame  inclosing  a  space  the  size  of  the  plaster 
directed  to  be  spread;  in  this  case,  four  by  six  inches.  The  strips 
are  fastened  at  each  corner  by  thumb  tacks,  and  when  made  secure 
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the  tacks  originally  used  for  stretching  the  leather — if  leather  is  used — 
may  be  removed. 

This  done,  the  plaster  mass  in  tin  dipper  is  cautiously  fused,  and 
when  melted,  small  portions  of  the  molten  mass  are  taken  out  with  a 
spatula  and  smeared  between  strips  and  foundation  in  very  thin  layer, 
in  order  to  fasten  the  strips  to  the  foundation.  Then  the  spatula  is 
carefully  cleaned  by  passing  through  a  flame  of  Bunsen  burner  and 
wiping  off  on  paper.  The  foundation  should  be  placed  with  the  length 
running  with  the  length  of  the  counter,  and  on  this,  at  narrow  end  to 
the  left,  should  be  poured  the  fused  mass,  so  as  to  cover  about  one- 
third  the  length  of  the  plaster.  Then,  without  loss  of  time,  the  spatula 
should  be  warmed  by  passing  through  the  flame,  and  being  held  in  the 
right  hand  with  blade  slightly  inclined  forward,  but  perfectly  level, 
about  one-quarter  to  one-half  inch  above  the  whole  width  of  plaster, 
the  spatula  should  be  moved  rapidly  and  firmly  to  the  right,  pushing 
before  it  the  still  molten  plaster  mass  and  leaving  behind  a  smooth, 
shining  spread  plaster. 

Remarks  on  Process. — The  spatula  should  be  at  least  eight  inches 
long,  and  should  not  be  sufficiently  heated  to  decompose  the  plaster 
mass. 

The  plaster  mass  should  be  cautiously  fused — not  too  hot  to  decom- 
pose or  to  run  through  the  foundation,  and  yet  limpid  enough  to  remain 
fused  until  the  plaster  is  entirely  spread. 

Running  the  spatula  over  the  fused  mass  is  the  delicate  part  of  the 
process.  It  must  be  done  as  quickly  as  possible  lest  the  mass  solidi- 
fies before  the  process  is  complete.  The  spatula  must  be  held  per- 
fectly steady  else  the  plaster  will  be  uneven. 

In  fastening  the  foundation  to  the  counter  place  it  an  inch  or  so  from 
the  edge  of  the  counter,  thus  leaving  a  rest  for  the  hand  holding  the 
spatula  as  it  passes  over  the  mass. 

Remove  the  strips  from  the  plaster  by  taking  out  thumb  tacks  and 
pulling  off.  If  the  mass  is  brittle,  passing  a  warm  spatula  over  the 
strips  sometimes  aids  in  loosening  them,  though  this  must  be  done 
with  caution,  lest  the  plaster  itself  become  smeary.  The  strips  re- 
moved, a  clearly  defined  plaster  should  -remain,  the  excess  of  the  mass 
having  been  removed  with  the  strips. 

The  excess  of  mass  on  strips  can  be  scraped  ofif  the  strips  with  warm 
spatula  and  left  for  use  another  time. 

There  is  little  use  to  attempt  to  redeem  a  poorly  spread  plaster  by 
"reironing";  that  is,  by  trying  to  smooth  it  with  a  warm  spatula. 
The  best  thing  to  do  is  to  scrape  the  mass  from  the  foundation  with 
warm  spatula  and  try  over  again. 

Other  plans  for  plaster  spreading  by  hand  have  been  followed  with 
more  or  less  success.  Thus,  for  the  paper  strips,  strips  of  pasteboard 
one-quarter  inch  thick  have  been  used,  and  the  entire  space  within  the 
frame  filled  with  the  molten  mass,  the  excess  being  scraped  off  with 
the  warm  spatula.     Others  cut  the  frame  from  an  entire  sheet  of  paper. 

For  machine  spreading  of  plasters,  see  p.  353. 

MAKE  YELLOW  MERCURIC  OXIDE 

Recipe. — Corrosive  mercuric  chloride 10  Gm. 

Sodiiun  hydroxide 4  Gm. 

Distilled  water,  a  suflScient  quantity. 
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Dissolve  the  corrosive  mercuric  chloride  in  100  Cc.  of  warm  dis- 
tilled water,  and  filter  the  solution.  Dissolve  the  sodium  hydroxide 
(which  should  contain  at  least  90  per  cent,  of  pure  anhydrous  sodium 
hydroxide)  in  100  Cc.  of  cold  distilled  water,  and  into  this  solution  pour 
gradually,  and  with  constant  stirring,  the  solution  of  corrosive  mer- 
curic chloride.  Allow  the  mixture  to  stand  for  an  hour  at  a  temperature 
of  about  30°  C.  (86°  F.),  stirring  frequently.  Then  decant  the  super- 
natant, clear  liquid  from  the  precipitate,  and  wash  the  latter  repeatedly 
by  the  addition  and  decantation  of  portions  of  distilled  water,  using 
100  Cc.  of  water  each  time.  Collect  the  precipitate  on  a  strainer, 
and  continue  the  washing  with  warm  distilled  water  until  a  small 
portion  of  the  washings,  when  poured  on  a  little  mercuric  chloride 
test-solution,  no  longer  produces  a  yellowish  turbidity  at  the  line  of 
contact  of  the  two  liquids.  Then  allow  the  precipitate  to  drain,  and 
dry  it  between  sheets  of  bibulous  paper,  in  a  dark  place,  at  a  tem- 
perature not  exceeding  30°  C.  (88°  F.),  and  keep  it  in  well-stoppered 
bottles,  protected  from  light. 

Chemical  Explanation. — When  solutions  of  mercuric  chloride  and 
of  sodium  hydroxide  are  combined,  yellow  mercury  oxide  is  precipi- 
tated by  the  following  reaction: 

Mercuric  Sodium  Mercuric  Sodium 

chloride     plus     hydroxide     give     oxide     plus    Water     plus     chloride. 
HgCl^  +         NaOH  =  +  + 

Complete  this  equation. 

Calculations. — Work  out  molecular  weights  of  mercuric  chloride, 
sodium  hydroxide,  and  mercuric  oxide  (HgO).  From  these  figures 
work  out  the  following  examples: 

1.  How  many  grammes  of  mercuric  oxide  can  be  made  from  271 
Gm.  mercuric  chloride? 

2.  How  many  grammes  of  mercuric  oxide  can  be  made  from  10  Gm. 
mercuric  chloride? 

3.  How  many  grammes  of  sodium  hydroxide  (100  per  cent.)  will 
combine  with  271  Gm.  mercuric  chloride? 

4.  How  many  grammes  of  sodium  hydroxide  (85  per  cent.)  will 
combine  with  271  Gm.  mercuric  chloride? 

5.  How  many  grammes  of  sodium  hydroxide  (85  per  cent.)  will 
combine  with  10  Gm.  mercuric  chloride? 

Compare  with  figures  given  above,  and  weigh  your  finished  mer- 
curic oxide  to  see  if  it  agrees  with  the  theoretic  yield. 

The  excess  of  soda  directed  in  U.  S.  P.  is  to  insure  complete  pre- 
cipitation of  the  mercury,  the  surplus  soda  being  washed  out  of  the 
precipitate  with  water. 

Remarks  on  Process. — Dissolve  the  mercuric  chloride  in  Erlenmeyer 
flask  and  filter  into  an  8-ounce  wide-mouthed  bottle. 

Dissolve  the  soda  in  pint  flask,  and  into  this  pour  the  mercuric 
chloride  solution. 

Wash  the  precipitate  by  decantation  as  far  as  possible,  and  finally 
throw  precipitate  on  plain  filter,  instead  of  on  strainer,  as  the  U.  S.  P. 
directs.  Were  we  making  the  pharmacopoeial  quantity  (ten  times 
our  present  amount),  a  strainer  would  be  indicated,  but  with  the  small 
amount  we  have,  a  plain  filter  will  suffice. 
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Wash  until  washings  no  longer  respond  with  mercuric  chloride  test- 
solution — that  is,  until  free  from  soda.  If  soda  is  present  in  water, 
a  yellow  precipitate  (HgO)  is  produced  with  mercuric  chloride  solu- 
tion. 

In  testing  for  soda  place  about  one  inch  of  the  mercuric  chloride 
solution  in  test-tube  and  pour  thereon  very  gently,  along  tilted  test- 
tube,  the  washings,  so  as  to  permit  the  washings  to  float  on  surface  of 
the  mercuric  chloride  solution,  thus  forming  two  layers;  where  the 
two  layers  join — "the  point  of  contact" — the  yellow  color  appears. 

MAKE  OINTMENT  OF  MERCURIC  NITRATE,  U.  S.  P. 

Recipe. — Mercury 7.0  Gm. 

Nitric  acid 17.5  Gm. 

Lard,  free  from  water 76.0  Gm. 

To  make  about . .   100  Gm. 

Heat  the  lard  in  a  capacious  glass  or  porcelain  vessel  to  a  tempera- 
ture of  105°  C.  (221°  F.),  then  withdraw  the  heat,  and  gradually  add 
7  Gm.  of  the  nitric  acid.  When  the  reaction  moderates,  reapply 
the  heat  until  effervescence  ceases,  and  allow  the  mixture  to  cool  to 
about  40°  C.  (104°  F.).  Having  dissolved  the  mercury  in  the  re- 
mainder of  the  nitric  acid,  using  sufficient  heat  to  prevent  the  solution 
from  crystallizing,  add  this  solution  to  the  lard  mixture.  When  the 
mass  begins  to  congeal,  stir  it  thoroughly  with  a  wooden  spatula  until 
it  is  of  a  bright  citrine  color.  Contact  with  metallic  utensils  should  be 
avoided. 

Chemical  Explanation. — In  this  preparation  two  distinct  reactions 
occur:  In  the  first  place,  mercury  dissolves  in  nitric  acid  to  make 
mercuric  nitrate  by  either  of  the  following  equations: 

Hg     +     4HN0,     =     HgCNOa)^     +     N,0,     +     H,0. 
3Hg     +     8HNO3     =     Hg(N03),     +     N,0,     +     H,0. 

Complete  these  equations. 

Then  the  white  lard  is  converted  into  the  lemon  yellow  solid  elaidin 
when  the  nitric  acid  is  added  to  it. 

Elaidin  has  the  same  empiric  formula  as  has  the  olein  of  the  oil, 
and  since  the  chemistry  of  the  change  is  complicated  (see  p.  727),  no 
molecular  weight  estimation  will  be  made. 

Calculations. — As  just  mentioned,  no  calculation  can  be  made  on 
the  conversion  of  olein  of  the  lard  into  elaidin,  nor  is  the  amount  of 
nitric  acid  used  in  dissolving  the  mercury  in  accord  with  molecular 
proportions;  hence  the  amount  will  not  be  estimated. 

Remarks  on  Process. — Put  lard  in  pint  evaporating  dish  and  heat  to 
105°  C.  on  wire  gauze. 

A  water-bath  will  not  do,  as  the  oil  must  be  heated  to  105°  C.  in 
order  to  get  reaction  started. 

Add  the  nitric  acid  gradually,  not  allowing  heat  to  get  too  intense. 
If  reaction  has  gone  nicely,  an  orange-colored  liquid  results;  if  over- 
heated, the  lard  turns  chocolate  brown. 

Reapply  heat  until  effervescence  ceases.  This  must  be  done  cau- 
tiously, else  the  mass  will  turn  dark.  It  must  be  heated  enough,  or 
else  the  finished  product  will  "work,"  frothing  out  of  container. 
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Dissolve  the  mercury  in  nitric  acid  in  Erlenmeyer  flask.  Better 
start  it  before  treating  the  lard  with  nitric  acid. 

//  mercuric  nitrate  solution  crystallizes,  warm  it  before  mixing  with 
the  elaidin  mixture. 

Use  glass  rod  during  the  elaidin  reaction,  and  employ  a  wooden 
paddle  for  mixing  in  the  mercuric  nitrate  solution. 

MAKE  BISMUTH  CITRATE 

i^ecipe.— Bismuth  subnitrate 10.0  Gm. 

Citric  acid 7.5  Gm. 

Distilled  water,  a  sufficient  quantity. 

Mix  the  bismuth  subnitrate  and  the  citric  acid  with  40  Cc.  of  dis- 
tilled water,  and  heat  on  a  bath  of  boiling  water,  with  frequent  stirring, 
until  a  drop  of  the  mixture  yields  a  clear  solution  with  ammonia  water. 
Then  add  500  Cc.  of  distilled  water,  allow  the  suspended  matter  to 
deposit,  wash  the  precipitate,  first  by  decantation,  and  afterward  on  a 
strainer,  with  distilled  water,  until  the  washings  are  tasteless,  and  dry 
the  residue  at  a  gentle  heat. 

Chemical  Explanation. — In  this  preparation  the  bismuth  sub- 
nitrate is  converted  into  bismuth  citrate  by  boiling  with  citric  acid,  and 
affords  an  interesting  illustration  of  the  futility  of  the  old  terms, 
"strong  acids"  and  "weak  acids."  According  to  that  doctrine,  nitric 
acid  is  a  much  "stronger"  acid  than  citric  acid,  and  yet  in  this  case 
merely  boiling  of  the  subnitrate  with  citric  acid  causes  the  driving  out 
of  the  nitric  acid.  This  is  made  possible  by  the  fact  that  nitric  acid  is  a 
volatile  substance,  while  citric  acid  is  fixed;  hence  the  boiling  gives  the 
nitric  acid  the  opportunity  for  volatilizing,  and  the  citric  acid  at  the 
same  time  combines  with  the  metal. 

The  equation  of  the  change  is  as  follows: 

BiONOgH^O     +     HgCoHsOvH^O     =     BiCeHp,     +     HNO3     +     H3O. 

Complete  this  equation. 

Calculations. — 1.  How  much  citric  acid  will  combine  with  305  Gm. 
bismuth  subnitrate? 

2.  How  much  citric  acid  will  combine  with  10  Gm.  bismuth  sub- 
nitrate? 

3.  How  much  bismuth  citrate  can  be  made  from  305  Gm.  bismuth 
subnitrate? 

4.  How  much  bismuth  citrate  can  be  made  from  10  Gm.  bismuth 
subnitrate? 

Remarks  on  Process. — Boil  the  subnitrate  and  citric  acid  with  water 
in  pint  flask. 

Boil  until  drop  of  mixture  gives  clear  solution  with  ammonia.  Both 
the  subnitrate  and  the  citrate  are  insoluble  in  water,  but,  while  the 
subnitrate  will  not  dissolve  in  ammonia  water,  the  citrate  does. 
Hence,  when  all  the  subnitrate  is  converted  into  citrate,  the  entire 
insoluble  precipitate  will  dissolve  in  ammonia  water,  and  as  long  as  a 
part  of  the  precipitate  does  hot  dissolve,  it  means  that  there  is  still 
some  unchanged  bismuth  subnitrate  and  the  boiling  must  be  con- 
tinued. 
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Carry  out  this  ammonia  solubility  test  by  dipping  glass  rod  into  the 
mixture  in  flask,  and  then  carefully  immersing  same  into  ammonia 
water  in  a  test-tube.  The  milky  drops  on  the  rod  will  be  dissolved 
so  soon  as  it  is  placed  in  ammonia  if  the  conversion  is  complete.  A 
faint  turbidity,  however,  is  permissible,  since  it  seems  practically 
impossible  to  convert  the  last  traces  of  the  subnitrate  into  the  soluble 
citrate. 

Add  500  Cc.  water  to  wash  out  last  traces  of  nitric  and  citric  acid. 
In  this  case,  since  the  pint  flask  holds  but  450  Cc,  filling  the  flask  with 
water  will  be  sufficient. 

Wash  precipitate  by  decantation,  then  on  strainer,  that  is,  just  as  you 
did  ferric  hydroxide.  With  the  small  amount  made  with  the  above 
quantities,  collecting  and  washing  on  plain  filter  (6-inch  paper) 
will  suffice. 

Dry  residue  at  gentle  heat — say,  on  top  of  radiator. 

MAKE  BISMUTH  AND  AMMONIUM  CITRATE 

Recipe. — Bismuth  citrate 10  Gm. 

Ammonia  water, 

Distilled  water,  each,  a  sufficient  quantity. 

Mix  the  bismuth  citrate  with  20  Cc.  of  distilled  water  and  rub  it 
to  a  smooth  paste,  heat  the  mixture  on  a  water-bath,  and  gradually 
add  ammonia  water  until  the  salt  is  dissolved  and  the  liquid  is  neutral 
or  has  only  a  faintly  alkaline  reaction.  Then  filter  the  solution, 
evaporate  it  on  a  water-bath  to  a  syrupy  consistence,  and  spread  it 
upon  plates  of  glass,  so  that,  when  dry,  the  salt  may  be  obtained  in 
scales.  Keep  the  product  in  amber-colored,  well-stoppered  bottles, 
protected  from  light. 

Chemical  Explanation. — As  mentioned  in  preceding  process, 
bismuth  citrate  is  insoluble  in  water,  but  it  does  dissolve  in  ammonia 
water,  forming  with  it  a  loose  chemical  combination,  which,  when 
scaled,  is  soluble  in  water. 

Calculations. — As  the  combination  between  the  bismuth  citrate 
and  the  ammonia  is  very  indefinite,  no  attempt  will  be  made  to  work 
out  molecular  proportions. 

Remarks  on  Process. — Rub  bismuth  citrate  to  smooth  paste,  by  plac- 
ing in  pint  evaporating  dish  and  triturating  with  water,  gradually 
added,  with  the  pestle. 

Gradually  add  ammonia  water  until  the  salt  is  dissolved — 10  Cc. 
usually  suffices.  An  excess  works  no  harm,  since  it  dissipates  during 
the  evaporation.  While  not  specified  by  the  pharmacopoeia,  the  addi- 
tion of  a  few  drops  of  ammonia  water,  from  time  to  time  during  the 
evaporation,  aids  in  getting  a  completely  soluble  product. 

Evaporate  and  scale  as  in  making  ferric  citrate,  only  spread  the 
thin  syrup  very  thinly  on  glass.  If  spread  even  as  thin  as  ferric 
citrate,  opaque  scales  are  formed.  If  very  thin,  beautiful  pearly 
scales  result. 

MAKE  LEAD  PLASTER,  U.  S.  P. 

Recipe. — Soap,  dried,  and  in  coarse  powder 10  Gm. 

Lead  acetate 6  Gm. 

Water,  a  sufficient  quantity. 
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Dissolve  the  soap  in  35  Cc.  of  hot  water  and  strain  the  solution. 
Dissolve  the  lead  acetate  in  25  Cc.  of  hot  water,  and  at  once  filter  the 
solution  into  the  warm  soap  solution,  stirring  constantly. 

When  the  precipitate  has  subsided,  decant  the  liquid,  and  wash  the 
precipitate  thoroughly  with  hot  water.  Transfer  the  mass  to  a  warm 
slab,  kneading  it  thoroughly  to  free  it  from  water.  Finally,  roll  the 
plaster  into  cylindric  forms  and  wrap  them  in  paraffined  paper. 

Chemical  Explanation. — Lead  plaster  of  the  present  pharmacopoeia, 
while  approximately  of  the  same  composition  as  lead  plaster  U.  S.  P. 
1890  (lead  oleate),  is  made  by  the  much  simpler  expedient  of  precipi- 
tation by  mixing  solutions  of  Castile  soap  (sodium  oleate)  with  a. 
solution  of  lead  acetate,  the  reaction  being  sodium  oleate  plus  lead 
acetate  equals  lead  oleate  plus  sodium  acetate. 

Write  out  the  equation  showing  this  reaction. 

As  neither  Castile  soap  nor  lead  plaster  are  definite  chemicals, 
no  attempt  will  be  made  to  calculate  quantities  by  molecular  weights. 

Remarks  on  Process. — Dissolve  the  soap  in  pint  flask,  and  strain 
into  pint  evaporating  dish. 

Dissolve  the  lead  acetate  in  another  pint  flask  (or  same  one,  carefully 
washed),  and  filter  into  soap  solution  in  dish. 

Knead  the  mass  on  pill-tile. 
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treated  in  extenso. 


Abietic  acid,  854 
Absolute  alcohol,  655 

zero  (thermometric),  76 
Absorbent  cotton,  700 
A.  B.  and  S.  pills,  324 
Abstracts,  290 
Acacia,  708 
A.  C.  E.  mixture,  659 
Acetaldehyde,  665 
Acetanilide,  7o9 

compound  powder,  301 
Acetanilidum,  769 
Acetate.    See  under  Metal; 
thus,  acetate  of  potas- 
sium.   See  Potassium 
Acetate. 
of  ammonium  solution, 

486 
of  lead,  600 
of  sodium,  456 
of  zinc,  520 
Acetates,  tests  for,  961 
Acetic  acid,  669,  671 
"No.  8,"  671 
diluted,  672 
glacial,  670 
tests,  961 
ether,  663 

as  a  solvent,  118 
extracts,  276 
Acetone,  675 

as  a  solvent,  118 
Acetonum,  675 
Acetphenetidin,  770 
Acetphenetidinum,  770 
Acetracts,  251 
Acet-toluidide,  770 
Acetum  opii,  263 
saturni,  624 
scillae,  263 
Acetylene  as  fuel,  69 
Acetylization  tests,  1047 
Acicular  crystals,  144 
Acid,  acetic,  671 
diluted,  672 
glacial,  670 
arsenous,  575 
benzoic,  779 
boric,  407 


Acid,  camphoric,  813 
chromic,  542 
citric,  688 
definition  of,  373 
ethyl  sulphuric,  658 
formic,  648 
gaUic,  788 

hydriodic,  diluted,  414 
hydrobromic,      diluted, 

413 
hydrochloric,  411 

diluted,  412 
hypophosphorous,  429 

diluted,  430 
lactic,  677 
nitric,  416 

diluted,  416 
nitrohydrochloric,       di- 
luted, 417 
number  of  resin,  1045 
oleic,  721 
oxalic,  674 
phosphates,  404 
phosphoric,  426 

diluted,  428 
propionic,  677 
pyrogallic,  766 
pyrophosphoric,  429 
salicylic,  782 
salts,  378 
stearic,  721 
sulphocarbolic,  762 
sulphuric,  219 

aromatic,  diluted,  423 
sulphurous,  424 
tartaric,  685 
Acidimetry,  987 
Acids,  409,  633 
antidotes,  410 
as  solvents,  118 
general       manufacture, 

411 
haloid,  409 
inorganic,  409 
organic,  409 
specific       gravity       of, 

410 
strength  of,  411 
Acidum  aceticum,  671 


Acidum  aceticum  dilutum, 
672 
glaciale,  670 
arsenosum,  575 
benzoicum,  779 
boricum,  407 
camphoricum,  813 
carbolicum,  759 

crudum,  761 
chromicum,  541 
citricum,  688 
gallicum,  788 
hydriodicum      dilutum, 

414 
hydrobromicum       dilu- 
tum, 413 
hydrochloricum,  411 

dilutum,  412 
hydrocyanicum        dilu- 
tum, 743 
hypophosphorosum,  429 

dilutum,  430 
lacticum,  677 
nitricum  dilutum,  416 
nitrohydrochloricum  di- 
lutum, 417 
oleicum,  721 
phosphoricum,  426 

dilutum,  428 
salicylicum,  782 
stearicum,  721 
sulphuricum,  422 
aromaticum,  423 
diluted,  423 
sulphurosum,  424 
tannicum,  790 
tartaricum,  685 
trichloraceticum,  673 
valerianicum,  687 
Aconite,  918 
fluidextract,  245 
tincture,  221 
Aconitic  acid,  689,  918 
Aconitina,  915 
Aconitine,  915,  918 
Aconitum,  918 
Acoretin,  838 
Acorin,  838 
Acrinyl  sulphocyanate.  747 
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Acrolein,  681 
Acrose,  694 
Adapter,  99 
Adeps,  732 

benzoinatus,  733 

lanse,  733 

hydrosus,  734 
Adhesions,  151,  360 
Adhesive  plaster,  354 
Adjuvant,  1057 

elixir,  204 
Adrenalin,  795,  940 
Adrin,  795,  940 
^sculin,  918 
iEthal,  720 
Mther,  657 

aceticus,  663 

fortior,  658 
iEthiops  mineral,  621 
iEthylis  carbamas,  748 

chloridum,  648 
Agitation  as  aid  to  solution, 

120 
Alabaster,  504 
Albolene,  liquid,  638 
Albumen.     See  Albumin. 

as  clarifying  agent,  136 

egg,  931 

serum,  931 
Albumins,  931 
Alcohol,  654 

absolute,  655 

absolutum,  655 

as  a  fuel,  69 

dilutum,  656 

contraction     of     vol- 
ume, 122 

ethyl,  654 

lamp,  68 

methyl,  645 

wood,  1645 
Alcoholic  extracts,  276 
of  belladonna,  279 
Alcoholometer,  50 

exercises,  1095 
Alcohols,  630 
Aldehyde,  665 
Aldehydes,  632 
Aldoses,  694 
Alembic,  94,  100 
Aletrin,  293 
Algaroth's  powder,  583 
Alizarin,  868 
Alkalies  as  solvents,  118 
Alkalimetry,  987 
Alkaline     cupric    tartrate 
V.S.,  1048 

earths,  495 

metals,  431 
Alkaloidal  assays,  1017 
Alkaloids,  875 
Alligation,  59 

applied  to  specific  grav- 
ity, 64 
AUotropism,  397 


Alloys,  531 
Allspice,  832 

oil,  832 
AUyl,  683 

aldehyde,  683 

benzene,  796 

isothyocyanate,  683,  745 

pyridine,  878 

sulphide,  683 
Almond,  bitter,  778 

emulsion,  268 

milk,  268 

oil,  bitter,  777 

essence,  178 

spirit,  177 

syrup,  193 
Almonds,  sweet,  735 
Aloe,  871 

barbadensis,  871 
purificata,  871 

socotrina,  871 
Aloes,  871 

and  iron  pills,  322 

and  mastic  pills,  322 

and  myrrh  pills,  323 

barbadoes,  871 

cape,  871 

curagao,  871 

extract,  279 

pills,  322 

purified,  871 

socotrine,  871 

tincture,  221 
Aloexanthin,  869 
Aloin,  869,  872 
Aloinum,  872 
Alpha-eucaine,  892 
Alphanaphthol,  866 
Alpha-propyl-piperidine, 

878 
Althsea,  707 
Alum,  535 

exsiccating,  1101 

ferric,  559 

granulating,  1099 

specific  gravity  estima- 
tion, 1098 
Alumen,  535 
Alumirti  hydras,  537 

hydroxidum,  537 

sulphas,  538 
Alumnol,  866 
Aluminum,  532 

hydrate,  537 

hydroxide,  537 

sulphate,  538 

tests,  970 
American  hellebore,  921 

hemp,  841 

wormseed,  819 
Amines,  833    - 
Ammonia  alum,  536 
aromatic  spirit,  177,  490 
liniment,  272 
soda  process,  462 


Ammonia  spirit,  177,  485 

water,  484 
stronger,  485 
Ammoniac,  857 

emulsion,  270 
Ammoniated    copper    sul- 
phate, 589 

glycyrrhizin,  711 

mercury,  610 
ointment,  346 

tincture  of  guaiac,  228 
of  valerian,  237 
Ammonii  benzoas,  487 

bromidum,  488 

carbonas,  488 

chloridum,  491 

iodidum,  492 

salicylas,  494 

valeras,  494 
Ammonium,  482 

acetate,    solution,    184, 
486 

benzoate,  487 

bromide,  488 

carbonate,  488 

chloride,  491 
troches,  331 

cyanate,  745 

iodide,  492 

manufacture,  1119 

nitrate,  493 

phosphate,  495 

salicylate,  494 

sulphate,  494 

manufacture,  1118 

sulphide,  495 

sulphydrate,  495 

tests,  967 

valerate,  494 
Amorphous  bodies,  142 

sulphur,  397 
Amphoteric       substances, 

492 
Amygdala  amara,  778 

dulcis,  735 
Amygdalin,  777 
Amyl  alcohol,  686 

nitrite,  686 

nitris,  686 
Amylis  nitris,  686 
Amylopsin,  936 
Amylum,  703 
Analysis,  gasometric,  1053 

gravimetric,  944 

qualitative,  944,  986 

systematic,  984 

volumetric,  944,  986 
Analytical  chemistry,  944 
Anethol,  797,  831 
Angelic  acid,  837 
Angles  of  crystals,  143 
Anhydrogeraniol,  803 
Anilin,  767 
Animal  charcoal,  406 
1      charcoal,  purified,  406 
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Anise,  829 

oil,  830 

spirit,  178 

water,  171 
Anisol,  761 
Anisum,  829 
Annidalin,  800 
Anodyne,  Hoffmann's,  177 
Anthemis,  844 
Anthracene,  867 
Anthracite  coal,  405 
Anthraquinone,  867 
Antidiphtheric  serum, 

941 
Antidote  for  acids,  410 
Antifebrin,  769 
Antikamnia,  301,  770 
Antimonial    powder,    301, 
583 

wine,  257 
Antimonic  oxide,  581 
Antimonii  et  potassii  tar- 
tras,  582 

sulphidura,  583 
purificatum,  584 

sulphuratum,  584 
Antimonous  oxide,  581 
Antimony,  580 

oxide,  583 

and  potassium  tartrate, 
582 

sulphide,  583 

tests,  976 
Antimonyl,  582 
Antinervine,  770 
Antipyrina,  754 
Antipyrine,  756 
Antiseptic  solution,  184 
Antitoxin,  942 
Apiol,  798 
Apocynein,  860 
Apocynum,  860 

fluidextract,  247 
Apomorphinae  hydrd- 

chloras,  910 

hydrochloridum,  910 
Apomorphine,  910 

hydrochloride,  910 
Aqua,  383 

ammonise,  484 
fortior,  485 

amygdalae  amarse,  171 

anisi,  171 

aurantii  florum,  171 
fortior,  172 

calcis,  185 

camphorse,  172 

chlori,  172,  391 

chloroformi,  173 

cinnamomi,  173 

creosoti,  173 

destillata,  173,  384 

foeniculi,  173 

fortis,  417 

hamamelidis,  174 


Aqua  hydrogenii   dioxidi, 
174,  386 

menthae  piperitse,  174 
viridis,  174 

naphae,  172 

phagedaenica,  606 
nigra,  606 

regia,  417 

rosae,  175 
fortior,  175 
Aquae,  171 

Aqueous  extracts,  276 
Arabic  acid,  704 
Arabin,  704 
Arbutin,  718 
Archimede's  theorem,  54 
Archibald's       suppository 

machine,  338 
Argenti  cyanidum,  624 

iodidum,  625 

nitras,  622 
fusus,  623 

oxidum,  625 
Arilloid,  837 
Arillus,  837 
Aristol,  801 
Aristolochihe,  839 
Arnica,  845 

flowers,  845 

root,  845 

tincture,  222 
Arnicse  flores,  845 
Arnicin,  845 
Arnicine,  845 
Aromatic  elixir,  205 

fluidextract,  246 

of     cascara     sagrada, 
254 

powder,  301 

spirit  of  ammonia,  177, 
490 

sulphuric  acid,  423 

syrup  of  rhubarb,  198 

tincture  of  rhubarb,  235 

waters,  169 
Arsenate  of  sodium,  577 
Arsenic,  572 

flowers,  572 

tests,  972 

trioxide,  575 

white,  572 
Arsenical    solutions,    four 

oflftcial,  187 
Arseni  iodidum,  579 

trioxidum,  575 
Arsenite  of  potassium  solu- 
tion, 576 
Arsenous  acid,  575 
solution,  183 

iodide,  579 
Arsine,  573 
Asafetida,  856 

emulsion,  269 

milk,  269 

pills,  323 


Asafetida,  tincture,  222 
Asafcetida,  856 
Asaprol,  866 
Asbestos,  496 

as     filtering     medium, 
132 
Aseptol,  762 
Ash,  estimation,  83 
Ashes,  68,  83 
As  libralis,  30 
Asparagin,  687 
Aspidium,  837 

oleoresin,  261 
Assay  of  acetic  acid,  997 
of  aconite,  1027 
of  ammonia  water,  998 
of  ammonium  bromide, 
1014 
carbonate,  999 
chloride,  1014 
of  antimony  and  potas- 
sium tartrate,  1004 
of     aromatic    sulphuric 

acid,  998 
of  arsenic  trioxide,  1004 
of  arsenous  iodide,  1004 
of     belladonna     leaves, 
1028 
plaster,  1029 
root,  1030 
of  benzaldehyde,  1041 
of  bismuth  and  ammo- 
nium citrate,  1053 
citrate,  1053 
subcarbonate,  1052 
subgallate,  1053 
subnitrate,  1052 
subsalicylate,  1053 
of  boric  acid,  998 
of  chlorinated  lime,  1004 
of    chromium    trioxide, 

1005 
of  cinchona,  1018 
of    cinnamic    aldehyde, 

1042 
of  citric  acid,  997 
of  coca,  1031 
of  colchicum  corm,  1019 

seed,  1020 
of  compound  solution  of 

iodine,  1003 
of  conium,  1022 
of    diluted    acetic  acid, 
996 
hydriodic  acid,  1015 
hydrobromic         acid, 

1013 
hydrochloric  acid,  996 
hydrocyanic         acid, 

1014 
hypophosphorous 

acid,  997 
nitric  acid,  996 
phosphoric  acid,  996 
sulphuric  acid,  996 
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Assay  of  extract  of  bella- 
donna leaves,  1030 
of     colchicum     corm, 

1020 
of  hyoscyamus,  1032 
of  nux  vomica,  1035 
of  opium,  1026 
of  physostigma,  1037 
of  scopola,  1039 
of  stramonium,  1039 
of  ferric  ammonium  sul- 
phate, 1005 
chloride,  1005 
citrate,  1005 
of  ferrous  sulphate,  1009 
of  fluidextract  of  aconite, 
1028 
of    belladonna    root, 

1031 
of  cinchona,  1019 
.  of  coca,  1032 
of     colchicum     seed, 

1021 
of  conium,  1022 
of  guarana,  1023 
of  hydrastis,  1024 
of  hyoscyamus,  1032 
of  ipecac,  1033 
of  nux  vomica,  1036 
of  pilocarpus,  1039 
of  scopola,  1039 
of  stramonium,  1039 
of  fused   silver    nitrate, 

1015 
of  glacial  acetic  acid,  996 
of  gold  and  sodium  chlor- 
ide, 1052 
of  guarana,  1023 
of  hydrastis,  1024 
of  hydrochloric  acid,  996 
of  hyoscyamus,  1032 
of         hypophosphorous 

acid,  997 
of  iodine,  1003 
of  ipecac,  1033 
of  iron  and  ammonium 
citrate,  1005 
tartrate,  1005 
and     potassium    tar- 
trate, 1005 
and    quinine    citrate, 

1005,  1053 
and  strychnine  citrate, 
1005,  1053 
of  jalap,  1027 
of  lactic  acid,  997 
of  lemon  juice,  998 
of  lithium  benzoate,  1051 
bromide,  1014 
carbonate,  999 
citrate,  1051 
salicylate,  1051 
of  magnesium  carbonate, 
999 
oxide,  999 


Assay  of    mitigated  silver 

nitrate,  1015 
of  monohydrated  sodium 

carbonate,  1000 
of  nitric  acid,  996 
of  nux  vomica,  1034 
of  oil  of  bitter  almond, 
1014,  1042 

of  lemon,  1042 

of  peppermint,  1043 

of  rose,  1043 

of  rosemary,  1044 
of  opium,  1025 
of  phenol,  1047 
of  phosphoric  acid,  997 
of  physostigma,  1037 
of  pilocarpus,  1038 
of     potassium    acetate, 
■  999 

and  sodium  tartrate, 
1000 

bicarbonate,  1000 

bitartrate,  999 

bromide,  1013 

carbonate,  999 

citrate,  1000 

cyanide,  1014 

hydroxide,  998 

iodide,  1014 

permanganate,  1009 
of  precipitated  manga- 
nese dioxide,  1009 

zinc  carbonate,  1052 
of  reduced  iron,  1004 
of    saccharated    ferrous 

carbonate,  1011 
of  scopola,  1039 
of  silver  nitrate,  1015 
of  sodium  acetate,  999 

benzoate,  1000 

bisulphite,  1004 

bromide,  1014 

carbonate,  999 

chloride,  1014 

citrate,  999 

hydroxide,  998 

iodide,  1014 

nitrite,  1009 

salicylate,  999 

sulphite,  1004 

thiosulphate,  1004 
of    soluble    ferric   phos- 
phate, 1005 
pyrophosphate, 
1005 

iron       and       quinine 
citrate,  1005 
of  solution  of  arsenous 
acid,  1004 

of    chlorinated    soda, 
1005 

of  ferric  chloride,  1005 
subsulphate,  1005 
sulphate,  1035 

of  formaldehyde,  998 


Assay  of  solution  of  hydro- 
gen dioxide,  1008 
of    lead     subacetate, 

1009 
of  lime,  1000 
of  potassium  arsenite, 
1004 
citrate,  999 
hydroxide,  999 
of  sodium  hydroxide, 
999 
of   spirit    of    ammonia, 

1000 
of  stramonium,  1039 
of     stronger     ammonia 

water,  998 
of    strontium    bromide, 
1014 
iodide,  1016 
of  sugars,  1048 
of  sulphur  iodide,  1003 
of  sulphuric  acid,  996 
of  sulphurous  acid,  1004 
of  syrup  of  ferrous  iodide, 
1016 
of  hydriodic  acid,  1016 
of  tartaric  acid,  996 
of    tincture   of  aconite, 
1028 
of  belladonna  leaves, 

1030 
of  cinchona,  1019 
of     colchicum     seed, 

1021 
of  deodorized  opium, 

1027 
of  ferric  chloride,  1005 
of  hydrastis,  1024 
of  hyoscyamus,  1033 
of  iodine,  1003 
of  nux  vomica,  1036 
of  opium,  1026 
of  physostigma,  1038 
of  stramonium,  1040 
of  trichloracetic  acid,  998 
of  zinc  bromide,  1014 
chloride,  1052 
iodide,  1016 
oxide,  1000 
Assaying,  944 

pharmaceutical,  1016 
Assays,  alkaloidal,  1017 
gasometric,  1053 
gravimetric,  1050 
physiological,  716 
saponification,  1042 
Astral  oil,  638 

as  a  fuel,  68 
Atom,  definition,  360 
Atomic  weight,  62 
Atropina,  884 
Atropinse  sulphas,  885 
Atropine,  884 
oleate,  210 
sulphate,  885 
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Aurantiamarin,  833 
Aurantii  amari  cortex,  833 

dulcis  cortex,  834 
Auri    et   sodii    chloridum, 

586 
Aurum,  585 
Avoirdupois  weight,  32 
Axis  of  a  crystal,  143 


Bacilli,  331 

Baking  soda.     See  Sodium 

bicarbonate. 
Balance,  analytical,  39 

analytic,  its  rider,  40 

army  prescription,  39 

care  of,  43 

Chaslyn,  41 

Jolly,  53 

Mohr-Westphal,  51 

prescription,  38 

reading  zero,  41 

requirements,  37 
Balances,  36 

compound  lever,  42 

double    beam,    unequal 
arm,  41 

single  beam,  equal  arm, 
37 
unequal  arm,  41 

testing,  37 

torsion,  43 
Balm,  828 
Balsam,  friar's,  224 

of  copaiva,  848 

of  fir,  847 

of  Peru,  849 

of  Tolu,  850 

Turlington's,  224 
Balsams,  845,  849 
Balsamum      peruvianum, 
849 

tolutanum,  850 
Barbadoes  aloes,  871 
Barberry,  919 
Barii  dioxidum,  517 
Barilla,  461 
Barium,  516 

chloride,  517 

dioxide,  517 

nitrate,  517 

tests,  969 
Bark,  definition,  690 
Barley  sugar,  697 
Barrel  mill.  111 
Base,  definition,  373 
Basham's  mixture,  565 
Basic  salts,  378 
Basiliqon  ointment,  341 
Basis,  1056 
Bassorin,  704 
Baths,  73 

glycerin,  74 

sand,  73 

water,  73 


Battery  fluid,  446 
Baume    de    commandeur, 
224 

tranquille,  925 
Baume's  hydrometer,  49 
Bay  rum,  180 
Beads,  Lovi's,  52 
Beakers,  141 
Bearberry,  718 
Beef  extracts,  935 

tea,  937 
Beer,  652 
Beet  sugar,  697 
Belladonna  extract,  279 

fluidextract,  246 

leaves,  923 

hniment,  272 

ointment,  345 

plaster,  355 

root,  924 
Belladonnas  folia,  923 

radix,  924 
Belladonnine,  923 
Benton    Hall    suppository 

molds,  337 
Benzaldehyde,  776 
Benzaldehydum,  776 
Benzene,  757 

formulae,  757 
Benzin,  637 

purified,  637 
Benzinum,  637 

purificatum,  637 
Benzoate    of    ammonium, 
487 

of  lithium,  478 

of  sodium,  457 
Benzoates,  tests,  964 
Benzoic  acid,  779 

crystals,  manufacture, 

146 
subliming,  1102 
Benzoin,  855 

compound  tincture,  223 

tincture,  223 
Benzoinated  lard,  733 
Benzoinum,  855 
Benzol,  757 
Benzonaphthol,  866 
Benzopyrine,  754 
Benzosulphinide,  781 
Benzosulphinidum,  781 
Benzoyl-sulphonic-imide, 

781 
Benzozol,  764 
Benzyl  alcohol,  776 
Berbamine,  919 
Berberine,  861,  905,  919 
Berberis,  919 

fluidextract,  247 
Bergamot  oil,  836 
Berry's  percolator,  164 
Beta-eucaine,  891 
Botanaphthol,  865 
Betol,  866 


Bettendorf's  test,  574,  975 
Bibron  antidote,  394 
Bicarbonate  of.    See  under 
Metal;  thus,  bicarbon- 
ate of  potassium,  see 
Potassium     bicarbon- 
ate. 
of  soda,  467 
Bichloride  of  mercury,  612 
Bichromate  of  potassium, 

446 
Bihrubin,  941 
Biliverdine,  941 
Binary  compounds,  368 
Biniodide  of  mercury.    See 

Red  mercuric  iodide. 
Binoxide    of    manganese, 

529 
Bismuth,  591 

and  ammonium  citrate, 
594 
manufacture,  1139 
citrate,  594 

manufacture,  1138 
oxides,  592 
subcarbonate,  596 
subgallate,  596 
subnitrate,  592 
subsalicylate,  597 
tests,  977 
Bismuthi      et      ammonii 
citras,  594 
citras,  594 
subcarbonas,  596 
subgallas,  596 
subnitras,  592 
subsalicylas,  597 
Bisulphite  of  sodium,  457 
Bitartrate    of    potassium, 

438 
Bitter  almond,  778 
essence,  178 
oil,  777 
spirit,  177 
water,  171 
apple,  718 

orange,  fluidextract,  247 
peel,  833 
tincture,  222 
wine  of  iron,  258 
Bituminous  coal,  405 
Biuret,  749 
Blackberry  root,  792 

syrup,  199 
Black  draught,  215 
drop,  263 
haw,  823 
lead  crucibles,  81 
mustard,  746 
oxide  of  manganese,  529 
pepper,  842 

oil,  842 
snake  root,  838 
wash,  606 
Blanched  almonds,  735 
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Blast  lamp,  71 
Blaud's  pills,  324,  550 
Blistering  colloid,  209 
Blood  root,  920 
Blowpipe,  71 
Blue  mass,  311,  608 
making,  1112 

ointment,  347,  609 

vitriol,  590 
Boiled  linseed  oil,  728 
Boiler,  94 
Boiling-point,  85 

when  reached,  86 

estimation,  87 

of  liquids,  87 
Bolting  cloth,  116 
Bone  black,  406 

oil,  406 
Boneset.    See  Eupatorium. 
Boracic  acid,  408 
Borate  of  sodium,  458 
Borates,  tests,  957 
Borax,  459 

bead,  459 
tests,  985 
Boric  acid,  407 
ointment,  344 
tests,  957 
Borneol,  814 
Boroglycerin,        glycerite, 

207 
Boron,  407 

Botanical  name,  24,  25 
Bottle,  receiving,  157 
Bougies,  338 
Boule  de  Mars,  568 
Brandy,  181,  653 
Brass,  589 

specific  gravity  estima- 
tion, 1096 
Braunite,  527 
Brayera,  862 
Breast  plasters,  353 
Brimstone,  397 
Bromacetanilide,  770 
Bromates,  test,  950 
Bromic  acid  tests,  950 
Bromide    of    ammonium, 
488 

of  calcium,  509 

of  lithium,  479 

of  potassium,  439 

of  sodium,  460 

of  strontium,  515 

of  zinc,  521 
Bromides,  tests,  949 
Bromine,  393 

tests,  949 
Bromoform,  643 
Bromoformum,  643 
Bromum,  393 
Bronze,  589 
Broom,  926 

top,  926 
Brown  mixture,  265 


Brucine,  903 
Bruising,  110 
Buchu,  826 

fluidextract,  240 
Buckthorn  bark,  870 
Buhrstone  mill.  111 
Bulbs,  definition,  690 
Bumping,  100 
Bunsen  burner,  70 

"striking  back,"  71 
Burdock,  717 
Burette,  46 
Burgundy  pitch,  854 

plaster,  357 
Burner,  Bunsen,  70 

fishtail,  69 

Fletcher's  radial,  71 
Burnett's  disinfecting  fluid, 

523 
Burnt  alum,  537 
Butane,  635 
Butyl  alcohol,  683 

chloral  hydrate,  683 
Butyrates,  tests,  961 
Butyric  acid,  684 

aldehyde,  683 
Butter  of  antimony,  583 

of  cacao,  730 


Cachets,  306 
Cadaverine,  878 
Cade  oil,  848 
Cadinene,  805 
Cadmium,  588 
Caffeina,  750 

citrata,  751 

effervescens,  751 
Caffeine,  749 

citrated,  751 

effervescent        citrated, 
751 
Cajaput  oil,  818 
Cajaputene,  859 
Cake  sublimates,  106 
Calabar  bean,  927 
Calabarine,  927 
Calamine,  517,  838 
Calamus,  838 

fluidextract,  246 
Calcii  bromidum,  509 

carbonas     prsecipitatus, 
510 

chloridum,  511 

hypophosphis,  512 

phosphas    prsecipitatus, 
513 

sulphas  exsiccatus,  513 
Calcination,  81 

operation,  81 
Calcined  magnesia,  497 

substances,  81 
Calcium  bromide,  509 

carbonate,  509 

chloride,  511 


Calcium    hydroxide    solu- 
tion, 506 

hypophosphite,  512 

phosphate,  precipitated, 
512 

sulphate,        exsiccated, 
514 

sulphide,  508 

tests,  968 
Calculations,        molecular 
weight,  378 

of  specific  gravity,  55-59 

water  of  crystallization, 
378 
Calendula,  845 

tincture,  224 
Calisaya  bark,  921 
Calomel,  613 
Caloric,  17 
Calumba,  861 

fluidextract,  246 
Calx,  504 

chlorata,  391 

chlorinata,  391 

sulphurata,  508 
Cambogia,  857 
Camphene,  804 
Camphor,  810 

cerate,  340 

liniment,  273 

oil,  812 

powdering,  117 

spirit,  178 

subliming,  1102 

water,  172 
Camphora,  810 

monobromata,  812 
Camphorated  oil,  273 

tincture  of  opium,  233 
Camphoric  acid,  813 
Canada  turpentine,  847 
Canadian  hemp,  860 
Canadine,  920 
Cane  sugar,  696 
Cannabis  indica,  841 

extract,  280 
Cantharidal  collodion,  209 
Cantharides,  938 

cerate,  341 

tincture,  224 
Cantharidin,  938 
Cantharis,  938 
Caoutchin,  855 
Capaloin,  872 
Cape  aloes,  871 
Capillarity,  155 
Capronic  acid,  692 
Capsaicin,  841 
Capsicum,  841 

fluidextract,  246 

oleoresin,  261 

plaster,  355 

tincture,  224 
Capsule  cleaner,  310 
Capsules,  307 
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Capsules,  filling,  309 

hard,  307 

soft,  307 
Caramel,  697 
Caraway,  831 
Carbamic  acid,  748 
Carbo,  405 

animalis,  406 
purificatus,  406 

ligni,  406 
Carbohydrates,  693 
Carbolated  glycerin,  208 
Carbolic  acid,  759 
No.  33,  760 
crude,  761 

oil,  761 

salve,  348 
Carbon,  405 

crystals,     manufacture, 
146 

disulphide,  401 
as  a  solvent,  118 

oxychloride,  747 
Carbonate  of  ammonium, 
488  ^ 

of  calcium,  509 

of  iron,  saccharated,  549 

of  lithium,  480 

of  magnesia,  499 

of  potassium,  440 

of  soda,  460 

of  zinc,  precipitated,  521 
Carbonates,  tests,  959 
Carbonei  disulphidum,  401 
Carbonic  acid  tests,  959 
Carbonization,  80 

operation,  83 
Carboy  trunnions,  410 
Carboys,  410 
Cardamom,  832 

compound  tincture,  225 

tincture,  225 
Cardamomum,  833 
Carmine,  939 
Carminic  acid,  866,  939 
Camallite,  431,  496 
Carron  oil,  272,  507 
Carum,  831 
Carvacrol,  801 
Carvestrene,  803 
Carvone,  802 
Caryophyllene,  805 
Caryophyllus,  828 
Cascara  sagrada,  870 

aromatic  fluidextract, 

254 
extract,  288 
fluidextract,  247 
Caseine,  932 
Cassia  cinnamon,  824 

fistula,  706 

flask,  825 

oil,  824 
Cast  iron,  544 
Castile  soap,  737 


Castner's       process       for 

chlorine,  389 
Castor  oil,  728 

capsules,  729 
Cataplasm  of  kaolin,  352 
Cataplasma  kaolipi,  352 
Cataplasms,  351 
Catechin,  794 
Catechu,  795 

troches,  332 
Catechu-tannic  acid,  794 
Cathartogenic  acid,  871 
Catnip,  828 
Cayenne  pepper,  841 
Cell  contents,  691 

wall,  691 
Cells,  691 
Cellulose,  699 

tetranitrate,  701 
Celsius'  thermometer,  77 
Center  of  gravity,  37 
Centigrade    thermometer, 

77 
Centigramme,  33 
Centimeter,  33 
Centinormal      volumetric 

solutions,  987 
Centrifugal  extractor,  154 

sedimenter,  155 
Cephajline,  918 
Cera  alba,  741 

flava,  740 
C^erasin,  704 
Cerate,  340 

camphor,  340 

cantharides,  341 

compound  resin,  341 

goulards,  341 

of  lead  subacetate,  341, 
602 

resin,  341 
Cerates,  339 

by  fusion,  339 

by  incorporation,  339 
Ceratum,  340 

camphorae,  340 

cantharidis,  341 

plumbi  subacetatis,  341, 
602 

resinse,  341 

compositum,  341 
Cerii  oxalas,  540 
Cerium,  539 

oxalas,  540 
Cerotin,  739 
Cerotinic  acid,  739 
Ceryl  alcohol,  739 

cerotate,  741 
Cetaceum,  741 
Cetyl  alcohol,  720 

palmitate,  720,  741 
Ceylon  cinnamon,  824 
Chain  series,  627 
Chalk,  504 

mixture,  267 


Chalk  powder  compound, 
302 

precipitated,  510 

prepared,  510 
Chalkus,  30 
Chamomile,  English,  844 

German,  844 

Roman,  844 
Champagne,  652 
Change  in  volume  in  solu- 
tion, 122 
Character  of  solvents,  in- 
fluence on  solution,  120 
Charcoal,  406 

animal,  406 
purified,  406 

as  fuel,  68 

wood,  406 
Charta    potassii    nitratis, 
358 

sinapis,  357 
Chaser  mill.  111 
Chavicin,  842 
Checking  the  prescription, 

1076 
Cheleiythrine,  920 
Chelodinum,  926 
Chemical  action  as  source 
of  heat,  67 

analysis,  systematic,  987 

change,  360 

formula,  26 

preparations,  165 

solution,  119 
Chemism,  361 
Chemistry,  analytical,  944 

definition,  360 

organic,  626 
Chenopodium,  819 

oil,  818 
Chile  saltpeter,  395 
Chimaphila,  719 

fluidextract,  247 
Chimaphilin,  719 
Chinese  wax,  741 
Chinoidine,  922 
Chirata,  712 

fluidextract,  247 
Chiratin,  712 
Chloral,  667 

alcoholate,  668 

amide,  668 

camphor,  668 

formamide,  668 

formamidum,  668 

hydrate,  667 

urethane,  669 
Chloralum  hydratum,  667 
Chlorate  of  potash,  441 

of  sodium,  467 
Chlorates,  test,  949 
Chlorbutanol,  683 
Chloretone,  683 
Chloride    of    ammonium, 
491 
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Chloride  of  calcium,  511 

of  ethyl,  648 

of  gold  and  sodium,  586 

of  iron,  555 
solution,  556 
tincture,  557 

of  lime,  391 

of  mercury,  611 

of  methyl,  641 

of  sodium,  465 

of  zinc,  522 
Chlorides,  test,  946 
Chlorinated  lime,  391 

soda,  solution,  393 
Chlorine,  388 

compound  solution,  185, 
395 

manufacture,  388 

test,  946 

water,  172,  391 
Cholalic  acid,  941 
Cholesterin,  742,  941 
Chloroform,  641 

as  a  solvent,  118 

emulsion,  270 

Uniment,  273 

spirit,  179 

water,  173 
Chloroformum,  641 
Chopping  drugs,  110 
Chrome  iron  ore,  540 
Chromic  acid,  542 
Chromii  trioxidum,  541 
Chromium,  540 

tests,  970 

trioxide,  541 
Chrysarobin,  873 

ointment,  345 
Chrysarobinum,  873 
Chrysophan,  869 
Chrysophanic    acid,    869, 

874 
Chrysoretin,  871 
Cimicifuga,  838 

extract,  280 

fluidextract,  46 

tincture,  225 
Cinchona,  921 

red,  921 

rubra,  921 

compound  tincture,  226 

fluidextract,  248 

infusion,  214 

tincture,  225 
Cinchonidia.    See  Cinchon- 

idine. 
Cinchonidinse  sulphas,  900 
Cinchonidine,  900 

sulphate,  900 
Cinchoninse  sulphas,  892 
Cinchonine  sulphate,  892 
Cinene,  859 
Cineol,  814 
Cinnabar,  605,  620 
Cinnaldehydum,  796 


Cinnamein,  850 
Cinnamene,  851 
Cinnamic  acid,  796 

alcohol,  796 

aldehyde,  796 
Cinnamamum         saigoni- 
cum,  824 

zeylanicum,  824 
Cinnamon,  Cassia,  824 

Ceylon,  824 

oil,  824 

Saigon,  824 

spirit,  179 

tincture,  226 

water,  173 
Circulatory  solution,  121 
Cissampeline,  918 
Citral,  810 

Citrate  of  bismuth,  594 
and  ammonia,  594 

of  iron,  568 

and  ammonium,  569 
and  quinine,  569 
and  strychnine,  570 

of  lithium,  481 
effervescent,  481 

of    magnesia,     efferves- 
cent, 500 
solution,  500 

of  potassium,  442 

of  sodium,  466 
Citrated  caffeine,  751 
Citrates,  tests,  962 
Citric  acid,  688 
syrup,  193 
tests,  962 
Citrine  ointment,  617 
Clarification,  135 

apparatus,  136 

by  albumin,  136 

by  fermentation,  136 

by  gelatin,  136 

by  heating,  136 

by    increasing    fluidity, 
136 

by  milk,  136 

by  sedimentation,  136 

operation,  135 
Clarified  honey,  203 
Clay,  532 
Cleavage,  144 
Clove  oil,  829 
Cloves,  828 
Coal,  405 

as  fuel,  68 

gas  as  fuel,  69 

oil,  638 

tar  camphor,  864 

creosote,  775 
Coating  pills,  318 
Cobalt,  531 
Coca,  923 

fluidextract,  247 

tannic  acid,  923 

wine,  257 


Cocaina,  889 

Cocaina?  hydrochloras,  890 

hydrochloridum,  890 
Cocaine,  889,  923 

hydrochloride,  890 

oleate,  211 
Coccus,  939 
Cochineal,  939 
Cocoa  butter,  730 
Codeina,  911 
Codeinae  phosphas,  912 

sulphas,  913 
Codeine,  911,  929 

phosphate,  912 

sulphate,  913 
Codex     medicamentarius, 

18 
Cod  liver  oil,  731 

emulsion,  271 

with     hypophos- 
phites,  271 
manufacture,  1113 
Coelestite,  515 
Coffee,  752 
Cohesion,  360 
Cohobation,  169 
Coke,  405 

Colander  as  strainer,  127 
eolation,  127 
Colchiceine,  919 
Colchici  cormus,  919 

radix,  919 

semen,  920 
Colchicina,  916 
Colchicine,  916,  919 
Colchicum  conn,  919 

root,  919 
extract,  281 
fluidextract,  247 
seed,  920 

tincture,  226 

wines,  257 
Cold  cream,  345 
making,  1111 

pressed  oils,  726 
Collapsible  tubes,  351 
Collodion,  209 

incompatibilities,  210 
Collodions,  208 
CoUodium,  209 

cantharidatum,  209 

flexible,  209 

stypticum,  210 
Colloids,  150 
CoUoxylins,  701 
Colocynth,  718 

compound  extract,  282 

extract,  281 
Colocynthin,  718 
Colocynthis,  718 
Cologne  spirits.     See  Deo- 
dorized alcohol. 
Columbian  spirits,  645 
Columbic  acid,  861 
Columbin,  861 
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Columbo  root,  861 
Combustion,  67 
Comminution,  110 
apparatus.  111 
as  aid  to  solution,  119 
object,  110 
varieties,  110 
Common  salt,  465 
Compound  acetanilid  pow- 
der, 301 
cathartic  pills,  323 

manufacture,  1107 
chalk  powder,  302 
decoction  of  sarsaparilla, 

216 
effervescing        powder, 

302 
extract     of     colocynth, 

282 
fluidextract     of     sarsa- 
parilla, 254 
infusion  of  semen,  215 
iron  mixture,  265,  551 
jalap  powder,  304 
laxative  pills,  324 
licorice  powder,  304 
mixture  of  glycyrrhiza, 

265 
molecules,  367 
pills  of  antimony,  584 
powder    of    acetanilide, 
770 
of  glycyrrhiza,  303 
of  morphine,  304 
rhubarb  pills,  324 

powder,  305 
rosin  cerate,  341 
solution  of  chlorine,  185, 
391 
of  cresol,  185,  773 
of  iodine,  185 
of  sodium  phosphate, 
472 
spirit  of  ether,  177 
of  juniper,  179 
of  orange,  178 
syrup  of  hypophosphites, 
195 
of  sarsaparilla,  200 
of  squill,  200 
tincture  of  benzoin,  223 
of  cardamom,  225 
of  cinchona,  226 
of  gambir,  227 
of  gentian,  227 
of  lavander,  239 
Compounding        prescrip- 
tions, 1071 
Compounds,  363 
binary,  368 
ternary,  368 
Compressed  tablets,  325 
Condensation  of  a  vapor, 
93 
upright,  102 


Condensed  milk,  937 
Condenser,  94 

invert,  102 

Liebig,  96 
Condensing  worm,  97 
Condy's  fluid,  452 
Confectio  rosae,  312 

sennae,  313 
Confection  of  rose,  312 

of  senna,  313 
Confections,  312 
Coniine,  878 
Conium,  926 

fluidextract,  248 
Conseals,  307 

filling,  1108 
Conserves,  312 
Contact  method,  sulphuric 

acid,  422 
Continental      method     of 

emulsification,  266 
Continuous       percolation, 
161 

washing,  125 
Contraction  of  volume  on 

mixing  alcohol,  122 
Contusion,  110 
Convallamarin,  714 
Convallaria,  714 

fluidextract,  247 
Convallarin,  714 
Conversion       of       metric 
units      into      English 
units,  34 

of    English    units    into 
metric,  35 

of  thermometric  scales, 
77,  78 
Convolvulin,  717 
Cooking  soda.   See  Sodium 

bicarbonate. 
Copaiba,  848 

mass,  312 

oil,  849 

resin,  293 
Copper,  588 

glance,  588 

in  extracts,  279 

suboxide,  590 

sulphate,  590 

granulating,  1098 

tests,  976 
Copperas,  553 
Coriander,  830 

oil,  831 
Coriandrum,  830 
Cork  borer,  98 
Corm,  920 

oil,  695 

starch,  703 
Comutine,  928 
Corrective,  1057 
Corrosive  mercuric  chlor- 
ide, 611 

sublimate,  612 


Cosmoline,  639 
Cotton,  699 
absorbent,  700 
as  filtering  medium,  132 
root  bark,  857 
seed  oil,  726 
Couch  grass,  706 
Coumaric  acid,  797 
Coumarin,  797 
Court  plaster,  357 
Cowle's  process,  533 
Coxe's  hive  syrup,  201 
Cramp  bark,  823 
Cranesbill,  792 
Crayons,  school,  510 
Cream  of  tartar,  438 
Creosote,  774 
coal  tar,  775 
water,  173 
Creosotum,  774 
Cresalol,  786 
Cresol,  773 

compound  solution,  185, 
773 
Cresylic  acid,  773 
Creta  praeparata,  510 
Crocus,  513 

Marti 's,  568 
Croton    chloral    hydrate, 
684 
oil,  729 
Crucible,  Gooch,  134 
porcelain,  82 
tongs,  82 
Crucibles,  81 
black  lead,  81 
graphite,  81 
Hessian,  81 
platinum,  82 
Crude  carbolic  acid,  761 
Crum's  test,  528 
Cryolite  process,  462 
Crystal,  142 
angles,  143 
axes,  143 
edges,  143 
faces,  143 
groups,  143 
measurement,  144 
production    by    cooling 
hot  saturated  solu- 
tion, 145 
by  evaporation  of  a 

solution,  145 
by  sublimation,  146 
by  fusion  and  partial 

cooling,  146 
by  changing  character 

of  solvent,  146 
by  use  of  electricity, 
146 
systems,  hexagonal,  143 
monoclinic,  143 
regular,  143 
rhombic,  143 


1150 


INDEX 


Crystal    systems,    tetrag- 
onal, 143 
triclinic,  143 
Crystallin,  767 
Crystalline  bodies,  142 

sulphur,  397 
Crystallization,  142 

exercises,  1100 

objects,  144 

retarded,  475 

water  of,  146 
Crystallizing      apparatus, 
145 

jars,  145 
Crystallography,  143 
Crystalloids,  150 
Crystals,  acicular,  144 

obtained  by  sublimation, 
106 

prismatic,  144 

tabular,  144 
Cubeb,  842 

fluidextract,  246 

oil,  842 

oleoresin,  261 

troches,  332 
Cubeba,  842 
Cubebic  acid,  842 
Cubebin,  842 
Cubic  centimeter,  33 
Cubit,  29 
Cumene,  796 
Cupels,  82 
Cupri  sulphas,  590 
Cupric  acetate,  591 

ammonium  T.S.,  972 

oxide,  590 
Cuprous  oxide,  590 
Curacao  aloes,  871 
Curtman's  still,  104 
Cusso,  862 
Cutting  drugs,  110 
Cyanic  acid,  745 
Cyanide  of  potassium,  445 

of  silver,  624 
Cyanides,  tests,  963 
Cyanogen,  742 
Cymene,  799 
Cypripedium,  843 

fluidextract,  247 
Cystogen,  756 

Damocratis      confection, 

312 
Dandelion,  860 
Daphnetin,  839 
Daphnin,  839 
Daturine,  924 
Davy  safety  lamp,  73 
Deacon's  process,  389 
Deadly  nightshade,  923 
Decane,  720 
Decantation,  125 

apparatus,  126 

operation,  125 


Decigramme,  33 
Decimeter,  33 
Decinormal        volumetric 

solutions,  987 
Decocta,  216 
Decoction  of  Iceland  moss, 

216 
Decoctions,  216 
Decoctum  cetrarise,  216 

sarsaparillse       composi- 
tum,  216 
Decolorization,  17 
Decolorized     tincture     of 

iodine,  396 
Decrepitation,  148 
Definition,  official,  24 
Deflagrating  spoon,  83 
Deflagration,  80 

operation,  83 
"Degrees,  Baume,"  49 

conversion    into    spe- 
cific  gravity  units, 
50 
Dehydrator,  694 
Dekagramme,  33 
Dekahydrated  sodium  car- 
bonate, 463 
Dekameter,  33 
Deliquescence,  118 
Delphinine,  927 
Delphinoidine,  927 
Denarcotized  opium,  930 

tincture  of  opium,  233 
Densimeter,  Rousseau,   51 
Density,  47 
Deodorized  alcohol,  655 

opium,  930 

tincture  of  opium,  233 
Dephlegmation,  654 
Description,  official.      See 

Offlcial  description. 
Deshler's  salve,  342 
Desiccated  suprarenal 

glands,  940 

thyroid  glands,  940 
Desiccation,  81,  107 

apparatus,  107 

objects,  107 
Desiccators,  109 
Dessertspoonful,  32 
Destructive  distillation,  83, 

103 
Dextrin,  701,  704 
Dextrogyre  tartaric   acid, 

685 
Dextrose,  695 
Diachylon  ointment,  346 
Dialysates,  150 
Dialysed  iron,  150,  564 
Dialysis,  150 

objects,  150 

operation,  150 
Diamonds,     manufacture, 

146 
Diastase,  699,  937 


Dichromate  of  potassium, 

445 
Diethylsulphonmethyl- 

ethylmethane,  677 
Diffusion,  150 
Digallic  acid,  790 
Digitalein,  715 
Digitalin,  715 
DigitaHs,  715 

extract,  282 

fluidextract,  247 

infusion,  214 

tincture,  226 
Digitin,  715 
Digitoflavin,  715 
Digitonin,  715 
Digitophyllin,  715 
Digitoxin,  715 
Di-iodo-salol,  786 
Diluent,  1057 
Diluted  acetic  acid,  672 

alcohol,  656 

hydriodic  acid,  414 

hydrobromic  acid,  413 

hydrochloric  acid,  412 

hydrocyanic  acid,  743 

hypophosphorous    acid, 
430 

metaphosphoric       acid, 
429 

nitric  acid,  416 

nitrohydrochloric    acid, 
417 

phosphoric   acid,    428 

solution  of  lead  subace- 
tate,  186,  602 

sulphuric  acid,  423 
Dimethyl  benzene,  795 

ketone,  675 
Diosmin,  826 
Diosphenol,  826 
Dioxyanthraquinone,  868 
Di-oxy-benzoic  acids,  786 
Dioxymethylanthraqui- 

none,  869 
Diphtheria  antitoxin,  941 
Disinfectants,  390 
Disintegrator,  Mead's,  112 
Dispensatories,  27 
Distillate,  93 
Distillation,  81,  93 

apparatus,  94 

destructive,  83,  103 

objects,  93 

fractional,  101 

vacuum,  104 

with  steam,  103 
Distilled  extract  of  witch 
hazel,  174 

water,  173,  384 

waters,  168 
Distilling  appliances,  98 

exercise,  1104 

flask,  95 
Di-thymol  di-iodide,  801 
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Diuretin,  750 
Dobell's  solution,  459 
Dog  button,  926 
Dolomite,  496 
Donovan's    solution,   184, 

580 
Doses  of  official  emulsions, 
272 
extracts,  290 
fluidextracts,  255 
glycerites,  208 
honeys,  204 
infusions,  215 
lozenges,  334 
mixtures,  266 
mucilages,  189 
oleoresins,  262 
pills,  325 
powders,  305 
resins,  293 
•  solutions,  188 
spirits,  181 
syrups,  203 
tmctures,  239 
waters,  175 
wines,  259 
Double  decomposition,  422 

salts,  378 
Double-normal         sodium 

hydroxide  V.S.,  995 
Dover's  powder,  304 

tincture,  228 
Drachm,  30,  31 
Drops,  Hoffman's,  177 

size,  32 
Drugs      containing      fruit 

acids,  690 
Drying  closets,  108 
gases,  124 
herbs,  108 
ovens,  109 
Dulcit,  693 
Duotal,  764 
Dutch  process    for    white 

lead,  603 
Dyads,  367 
Dynamite,  681 


Earths,  alkaline,  495 

Easton's  syrup,  195 

Eber's  papyrus,  17 

Ebullition,  85 

Ecbohne,  928 

Edges  of  crystals,  143 

Edward     I.,    statute     on 
weights,  30 

Effervescent  citrated 

caffeine,  751 
lithium  citrate,  481 
magnesium  citrate,  500 
manufacture,  1122 
sulphate,  502 
potassium  citrate,  443 
sodium  phosphate,  471 


Effervescing  powder,  com- 
pound, 302 
Efflorescence,  148 
Egg  albumin,  931 
Elajoptene,  806 
ElsBosacchara.      See  Oleo- 

sacchara. 
Elaidic  acid,  722 
Elaidin  reaction,  727 
Elastica,  854 
Elaterin,  859 

triturate,  305 
Elaterinum,  859 
Elaterium,  859 
Electric  current  in  making 
crystals,  146 

stoves,  73 
Electricity    as    source     of 

heat,  66 
Electuaries,  312 
Element,  361 
Elemental  table,  367 
Elements,  table  of,  367 
Elixir  adjuvans,  204 

aromaticum,  205 

commendatoris,  224 

ferri  quininae  et  strych- 
nin£e  phosphatum, 
205 

paragoricus,  233 

phosphoris,  206 

of  iron,  quinine,  and 
strychnine  phos- 

phates, 205 

of  phosphorus,  206 

of  terpin  hydrate,  808 

of  vitriol,  424 
Elixirs,  204 
Elm,  707 

mucilage,  189 
Elutriation,  116 
Emerald,  532 
Emery,  532 
Emetme,  918 
Emodin,  869 

Emplastrum    adhaesivum, 
354 

ammoniaci  cum  hy- 
drargyro,  610 

belladonnae,  355 

capsici,  355 

hydrargyri,  356,  610 

ichthyocoUae,  356 

opii,  356 

picis  burgundicae,  357 

plumbi,  356,  604 

saponis,  356 
Empyreuma,  102,  645 
Emulsification,     continen- 
tal method,  266 

English  method,  266 
Emulsifiers,  acacia,  266 

casein,  268 

chondrus,  267 

dextrin,  267 


Emulsifiers,      extract      of 
malt,  268 

quillaja,  207 

saponin,  267 

tragacanth,  267 

yolk  of  egg,  267 
Emulsin,  735,  777,  937 
Emulsion        experiments, 
1113 

machines,  268 

of  almond,  268 

of  ammonise,  270 

of  asafetida,  269 

of  chloroform,  270 

of  cod  liver  oil,  271 

with     hypophos- 
phites,  271 

of  oil  of  turpentine,  271 
Emulsions,  266 

acacia,  1113 

egg,  1114 

fixed  oils,  268 

flask,  1113 

gum  resins,  268 

manufacture,  266 

splitting,  267 

volatile  oils,  268 
Emulsum  ammoniaci,  270 

amygdalae,  268 

asafoetidae,  269 

chloroformi,  270 

olei  morrhuse,  271 

cum  hypophosphiti- 
bus,  271 
terebinthinae,  271 
Enfleurage,  817 
English  chamomile,  844 

extract    of    belladonna, 
280 

method    of    emulsifica- 
tion, 266 

official  name,  23 
Enteric  pills,  321 
Enterprise  mill,  113 

press,  154 
Epinephrin,  795,  940 
Epsom  salt,  501 
Equation  writing,  421 
Equations,  chemical,  369 
Ergot,  928 

extract,  282 

fluidextract,  249 

wine,  258 
Ergota,  928 
Ergotinic  acid,  928 
Ericolin,  718 
Eridictyon,  840 

fluidextract,  246 
Erigeron  oil,  819 
Erythroxylon,  923 
Eseridine,  927 
Eserine,  914 

Essence  of  bitter  almond, 
178 

of  ginger,  238 
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Essence  of  lemon,  180 

of  peppermint,  180 

of  vanilla,  237 

of  wintergreen,  179 
Essences,  178 
Esters,  632 
Ethane,  635 
Ether,  657 

acetic,  663 

as  a  solvent,  118 

compound  spirit,  177 

nitrous,  spirit,  177 

petroleum,  637 

spirit,  177 

syrup,  659 
Ethereal  oil,  664 
Ethers,  631 
Ethyl,  629 

acetate,  663 

benzene,  795 

carbamate,  748 

chloride,  648 

hydrate,  469 

nitrite,  659 

oxide,  657 

sulphate,  664 
Ethylene  lactic  acid,  677 
Ethylidene  lactic  acid,  677 
Eucaine,  891 
Eucalyptol,  814 
Eucalyptus,  825 

fluidextract,  246 

oil,  825 
Eugenol,  797 
Euonic  acid,  862 
Euonymin,  862 
Euonymus,  862 

extract,  283 

fluidextract,  246 
Eupatorin,  844 
Eupatorium,  844 

fluidextract,  247 
Euphorin,  748 
Eupion,  775 
Europhane,  774 
Evaporating  dishes,  89 
Evaporation,  81 

at      the     boiling-point, 
conditions,  88 
operation,  88 

below  the  boiling-point, 
conditions,  88 
operation,  89 

conditions,  87 

spontaneous,  89 
Exalgin,  770 
Excelsior  sifter,  116 
Excipient,  314 
Excipients,  choice  of,  314 
Exhausting  the  drug",  162 
Explosions,  theory,  427 
Explosive      prescriptions, 

1078 
Expressed  oil  of  almond, 

725 


Expression,  152 
Exsiccated  alum,  537 

calcium  sulphate,  514 

ferrous  sulphate,  555 

sodium  arsenate,  578 
carbonate,  463 
phosphate,  471 
Exsiccation,  81,  149 

experiments,  1101 

objects,  149 

operation,  149 
Extinguishing       mercury, 

311 
Extracta  fluida,  245 
Extraction,  151 

objects,  151 

principles,  151 
Extractive,  277 
Extract  of  aloes,  279 

of  belladonna  leaves,  279 

of  cascara  sagrada,  288 

of  cimicifuga,  280 

of  colchicum  corm,  281 
root,  281 

of  colocynth,  281 
compound,  282 

of  digitahs,  282 

of  ergot,  282 

of  euonymus,  283 

of  gentian,  283 

of  glycyrrhiza,  283 
pure,  284 

of  hematoxylon,  204 

of  hyoscyamus,  284 

of  Indian  cannabis,  280 

of  krameria,  285 

of  leptandra,  285 

of  logwood,  284 

of  malt,  285 

of  nux  vomica,  286 

of  opium,  286 

of  physostigma,  287 

of  quassia,  288 

of  rhubarb,  289 

of  scopola,  289 

of  stramonium,  289 

of  sumbul,  289 

of  taraxacum,  289 

of  vunilla,  237 

of  witch  hazel,  distilled, 
174 

(pomade),  817 
Extracts,  274 

acetic,  276 

alcoholic,  275 

aqueous,  276 

disadvantages,  277 

hydro-alcoholic,  276 

manufacture,  276 

strength,  278 
Extractum  aloes,  279 

belladonnae  f  oliorum,  279 

cannabis  indicse,  280 

cimicifugse,  280 

colchici  cormi,  281 


Extractum   coloeynthidis, 
281 

compositum,  282 
digitalis,  282 
ergotse,  282 
euonymi,  283 
gentianse,  283 
glycyrrhizse,  283 

purum,  284 
hsematoxyh,  284 
hyoscyami,  284 
kramerise,  285 
leptandrae,  285 
malti,  285 
nucis  vomicae,  286 
opii,  286 

physostigmatis,  287 
quassias,  288 
rhamni  purshianae,  288 
rhei,  289 
scopolae,  289 
stramonii,  289 
sumbul,  289 
taraxaci,  289 


Faces  of  crystals,  143 
Fahrenheit's      thermome- 
ter, 76 
Family  (plant),  25 
Fat-free  tincture  of  digi- 
talis, 227 
Fats,  723 
Fatty  series,  627 
Fehhng's  solution,  1048 
Fel  bovis,  941 

purificatum,  941 
Felix  red,  838 
Fenchene,  804 
Fenchone,  831 
Fennel,  831 
oil,  831 
water,  173 
Fermentation,  649 

for  clarification,  136 
Ferri    carbonas    sacchara- 
tus,  549 
chloridum,  555 
citras,  568 

et  ammonii  citras,  560 
sulphas,  559 
tartras,  567 
et  potassii  tartras,  567 
et  quininse  citras,  569 

solubilis,  570 
et  strychninse  citras,  570 
hydroxidum,  562 

cum   magnesii  oxide, 
564 
hypophosphis,  558 
iodidum     saccharatum, 

552 
lactas,  553 

oxidum  hydratum,  562 
cum  magnesia,  564 
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Ferri    phosphas    solubilis, 
571 
pyrophosphas    solubilis, 

571 
sulphas,  554 
exsiccatus,  555 
granulatus,  554 
Ferric    acetate,    solution, 
565 
alum,  559 
ammonium        sulphate, 

559 
chloride,  555 
solution,  556 
tincture,  227,  557 
citrate,  568 
scaling,  1128 
solution,  566 
hydrate,  562 

with  magnesia,  564 
with    magnesium  ox- 
ide, 564 
hydroxide,  562 
hypophosphite,  558 
nitrate  solution,  566 
salts,  tests,  971 
subsulphate        solution, 

561 
sulphate  solution,  560 
valerianate,  559 
Ferricyanide  of  potassium, 

448 
Ferricyanides,  tests,  963 
Ferrocyanide  of  potassium, 

447 
Ferrocyanides,  tests,  963 
Ferrous  carbonate,  548 
mass,  311 
pills,  324,  550 
saccharated,  549 
iodide,  551 
piUs,  324,  552 
syrup,  552 
lactate,  553 
oxalate,  555 
sulphate,  553 

crystallizing,  1100 
exsiccated,  555 
exsiccating,  1101 
granulated,  554 
granulating,  1099 
salts,  tests,  971 
Ferrum,  546 

reductum,  546 
Ferulaic  acid,  797,  856 
Fever  thermometers,  79 
"FF"  ammonia,  485 
Fibrinogen,  932 
Ficus,  706 

Fiftieth-normal  potassium 
hydroxide  V.S.,  994 
sulphuric  acid  V.S.,  991 
Fig,  706 
File,  rat-tail,  98 
Filicic  acid,  838 


Filing     the     prescription, 

1073 
Filling  capsules,  309 
Filtering  apparatus,  128 

media,  128 
Filter  paper,  folding,  130 

plain,  130 

plaited,  130 
Filters,  asbestos.  132 

cotton,  132 

paper,  130 

sand,  132 

stone,  132 
Filtrate,  128 
Filtration,  128 

hot,  132 

rapid,  134 

sand,  128 

volatile,  132 
Fish  berries,  860 
Fishtail  burner,  69 
Fittig  reaction,  771 
Fixed  oils,  723 
Flag,  sweet,  838 
Flame  tests,  985 
Flash  test  for  oils,  638 
Flask,  distilling,  95 

emulsions,  267,  270 

measurer,  46 
Flavored  syrups,  190 
Flaxseed,  735 

poultice,  736 
Fleitmann's  test,  573 
Flesh,  937 

Fletcher's  radial  burner,  71 
Flexible  coUodium,  209 
Florentine  receiver,  138 
Flowers,  definition,  691 

of  arsenic,  572 

of  sulphur,  397 
Fluid  hydrastis,  208 
Fluidextract,       aromatic, 
246 

of  aconite,  248 

of  apocynum,  247 

of  belladonna  root,  246 

of  berberis,  247 

of  bitter  orange,  247 

of  buchu,  246 

of  calamus,  246 

of  calumba,  246 

of  capsicum,  246 

of  cascara  sagrada,  247 
aromatic,  254 

of  chimaphila,  247 

of  chirata,  247 

of  cimicifuga,  246 

of  cinchona,  248 

of  coca,  247 

of  colchicum  seed,  247 

of  conium,  248 

of  convallaria,  246 

of  cubeb,  246 

of  cypripedium,  247 

of  digitalis,  247 


Fluidextract  of  ergot,  249 
of  eriodictyon,  246 
of  eucalyptus,  246 
of  euonymus,  246 
of  eupatorium,  247 
of  frangula,  247 
of  gelsemium,  246 
of  gentian,  247 

by  repercolation,  1105 

manufacture,  1102 
of  geranium,  248 
of  ginger,  246 
of  glycyrrhiza,  251 
of  grindelia,  246 
of  guarana,  246 
of  hamamelis  leaves,  248 
of  hydrastis,  248 
of  hyoscyamus,  247 
of  Indian  cannabis,  246 
of  ipecac,  246 
of  krameria,  247 
of  lappa,  247 
of  leptandra,  246 
of  lobelia,  250 
of  lupulin,  253 
of  matico,  246 
of  mezereum,  246 
of  nux  vomica,  249 
of  pareira,  248 
of  Phytolacca,  247 
of  pilocarpus,  247 
of  podophyllum,  246 
of  pomegranate,  248 
of  quassia,  247 
of  quercus,  248 
of  quillaja,  247 
of  rhubarb,  246 
of  rhus  glabra,  248 
of  rose,  248 
of  rubus,  247 
of  sanguinaria,  251 
of  sarsaparilla,  247 

compound,  254 
of  savin,  246 
of  scopola,  246 
of  Scutellaria,  247 
of  senega,  249 
of  senna,  255 
of  serpentaria,  246 
of  spigelia,  247 
of  squill,  252 
of  staphisagria,  246 
of  stillingia,  247 
of  stramonium,  247 
of  sumbul,  246 
of  taraxacum,  250 
of  triticum,  252 
of  uva  ursi,  248 
of  valerian,  246 
of  veratrum,  246 
of  viburnum  opulus,  247 

prunifolium,  247 
of  wild  cherry,  253 
of  xanthoxylum,  246 
Fluidextracts,  239 
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Fluidextracts  by  hydraulic 
pressure,  244 
by      percolation      with 
evaporation,  240 
with    incomplete    ex- 
haustion, 241 
without    evaporation, 
252 
by  repercolation,  242 
history,  240 

made  with  acetic  acid, 
250 
acidulated    menstrua, 

248 
alcohol  menstrua,  246 
alkaline        menstrua, 

249 
aqueous       menstrua, 

251 
glycerinic     menstrua, 

247 
hydro-alcohol       men- 
strua, 246 
manufacture,  240 
precipitate  in,  244 
preservation,  244 
Fluidextractum       aconiti, 
245 
apocyni,  247 
conii,  248 
ergotse,  249 

f;lycyrrhiza;,  251 
obelia},  250 

lupulini,  253 

nucis  vomica?,  249 

pruni  virginianse,  253 

rhamni  purshianse   aro- 
maticum,  254 

sanguinarise,  251 

sarsaparilla;       composi- 
tum,  254 

scillffi,  252 

senegse,  249 

sennse,  255 

taraxaci,  250 

tritici,  252 
Fluorides,  tests,  951 
Fluorspar,  504 
Flux,  496 
Fly  blister,  341 
Foeniculum,  831 
Folding  filter  paper,  130 
Foot,  29 

Forcible  straining,  127 
Formaldehyde,  646 

solution,  185 
Formalin,  185,  646 
Formic  acid,  648 
Formica  rufa,  648 
Formine,  756 

Formula.  See  Symbolic 
formula,  Chemical  for- 
mula, Recipe. 

symbolic,  361 

writing,  369 


Formulary,  National,  28 
Fothergill-Wade     process, 

414 
Four  syrups,  910 
Fowler's  solution,  577 
Fractional  distillation,  101 
Frangula,  870 

fluidextract,  247 
Frangulin,  870 
Frangulinic  acid,  870 
Fraxin,  704 
Free  alkali  tests,  983 
French  bismuth,  593 

chalk,  496,  503 

codex,  18 
Friable  pills,  317 
Friar's  balsam,  224 
Friction  as  source  of  heat, 

66 
Friedel-Craft  reaction,  771 
Fructoses,  694 
Fruit,  definition,  691 

juices,  manufacture,  137 

sugar,  694 
Fuels,  gaseous,  69 

liquid,  68 

solid,  68 
Fulcrum,  36 
Fume  closets,  91 
Funnel,  supports,  129 
Funnels,  material,  129 

shape,  129 
Furane,  752 
Furnace  parts,  68 
Fusible  metals,  591 
Fusion,  81 

and  cooling  in  making 
crystals,  146 

operation,  84 


Gaduol,  732 

Galena,  597 

Galenical  preparations,  165 

Galla,  793 

Gallates,  tests,  965 

Gallic  acid,  788 

tests,  965 
Galvanized  iron,  520 
Gambir,  794 

compound  tincture,  227 

troches,  332 
Gamboge,  857 
Gas,  definition,  359 

natural,  036 

stove,  71 
Gaseous  fuels,  69 

solution,  123 
Gases,  drying  of,  124 

washing  of,  123 
Gasoline,  638 

as  a  fuel,  69 
Gasometric  analysis,  1053 

assays,  1053 
Gaultheria  spirit,  179 


Gauze,  wire,  73 
Gelatin,  932 

as  clarifying  acid,  136 

coating  pills,  318 

glycerinated,  933 
Gelatinum,  932 

glycerinatum,  933 
Gelsemine,  918 
Gelseminic  acid,  918 
Gelseminine,  918 
Gelsemium,  918 

fluidextract,  246 

tincture,  227 
Genera,  25 

General    formula    for    de- 
coctions, 216 
for  infusions,  213 
Generic  name,  25 
Gentian,  712 

compound  tincture,  227 

extract,  283 

fluidextract,  247 

percolating,  1102 
Gentiana,  712 
Gentianin,  712 
Gentiopicrin,  712 
Gentisic  acid,  712 
Gentisin,  712 
Gentisinic  acid,  787 
Genus,  25 
Geranial,  810 
Geranin,  293 
Geranium,  791 

fluidextract,  248 
German  chamomile,  844 

silver,  531 
Gin,  819 
Ginger,  838 

essence,  238 

fluidextract,  246 

oleoresin,  262 

soluble  essence,  238 

syrup,  202 

tincture,  238 
Glacial  acetic  acid,  670 

phosphoric  acid,  429 
Glandulse  suprarenales  sic- 
cse,  940 

thyroidese  siccse,  940 
Glass,  408 

rods,  91 

tubing,  98 
bending,  98 
cutting,  98 
Globuhn,  932 
Glonoin  spirit,  179 
Glucose,  694 
Glucosides,  709 
Glue,  933 
Glycerin,  679 

as  a  solvent,  118 

bath,  74 

suppositories,  338 
manufacture,  1111 
Glycerinated  gelatin,  933 
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Glycerinum,  679 
Glycerite  of  boroglycerin, 
207 
of  carbolic  acid,  208 
of  Hydrastis,  207 
of  phenol,  208 

of  the  phosphates  of  iron, 
quinine,  and  strych- 
nine, 207 

of  starcii,  206 

of  tannic  acid,  206 

of  tar,  847 

of  yolk  of  egg,  208 
Glycerites,  206 
Glyceritum   acidi   tannici, 
206 

amyli,  206 

boroglycerini,  207 

ferri,  quininae  et  strych- 
nina;  phosphatum,  207 

Hydrastis,  207 

phenolis,  208 

vitelli,  208 
Glycerol,  679 

of  tannin,  206 

of  tar,  197,  847 
Glyceroles,  206-208 
Glyceryl,  683 

Hydrate,  679 

trinitrate,    spirit,  682 
Glycocholic  acid,  941 
GlycocoU,  673 
Glycogen,  704 
Glyconin,  208 
Glycyrrhamarin,  711 
Glycyrrhiza,  711 

and  opium  troches,  332 

compound  mixture,  265 

fiuidextract,  251 

pure  extract,  284 
Glycyrrhizin,  711 
Glycyrrhizinum  ammonia- 

tum,  711 
Goa  powder,  873 
Gold,  585 

and  sodium  chloride,  586 

crystals,  manufacture, 
146 

foil,  powdering,  117 
Golden  seal,  920 
Goniometer,  144 
GoocH  crucible,  134 
Gossypii  cortex,  857 

radicis  cortex,  857 
Gossypium      purificatum, 

700 
Goulard's  cerate,  341,  602 

extract,  601 
Graduated  tube  for  taking 

specific  gravity,  53 
Graduates,  44 

manufacture,  44 
Grain,  30 

"Grains'"  in  vinegar  test- 
ing, 672 


Granatum,  922 

Granular  effervescent  salts, 

manufacture,  149 
Granulated  chemicals, 

149 
ferrous  sulphate,  554 
opium,  929 
Granulation,  88,  148 
advantages,  149 
exercises,  1098 
operation,  148 
Grape  sugar,  695 
Graphite,  405 
Grating,  110 
Gravimetric  analysis,  944 

assays,  1050 
Gravitation,  28 
Green  iodide  of  mercury, 
617 
soap,  738 

tincture,  274 
vitriol,  553 
Greenockite,  588 
Griffith's  mixture,  265,  551 
Grindelia,  840 

fiuidextract,  246 
Grindelin,  840 
Grinding,  111 

exercises,  1102 
Grommet,  90 
Group  reagents,  984 
Groups  of  metals  (analyt- 
ical), 985 
Guaiac,  853 

ammoniated      tincture, 

228 
tincture,  228 
wood,  853 
Guaiacic  acid,  853 
Guaiacol,  763 

carbonate,  764 
Guaiacolis  carbonas,  764 
Guaiaconic  acid,  853 
Guaiacum,  853 
Guaiaretic  acid,  853 
Guano,  749 
Guarana,  752 

fiuidextract,  247 
Guiding  rod,  126 
Gum  arable  mucilage,  188 
syrup,  192 
foam,  719 
turpentine,  845 
Gums,  704 
Gun  cotton,  701 
Gunpowder,  451 
Gutzeit's  test,  573,  973 
Gypsum,  504 

H^MAGLOBIN,  932 

Haematin,  932 
Hsematite,  543 
Haematoxylin,  792 
Haematoxylon,  792 
Haemin,  932 


Half-normal  alcoholic 

potassium    hydroxide 
V.S.,  994 

hydrochloric  acid   V.S., 
992 

sulphuric  acid  V.S.,  990 
Halogen    organic    deriva- 
tives, 630 
Halogens,  388 
Haloid  acids,  409 
Hamamelidis  cortex,  792 

folia,  793 
Hamamelis,  793 

bark,  792 

fiuidextract,  248 

leaves,  793 

water,  174 
Hance  mill,  113 
Hand  power  pills,  types  of 
construction,  113 

scale,  38 
Hard  capsules,  307 

petrolatum,  639 
Hartshorn  liniment,  272 

spirit,  485 
Hashish,  841 
Hausmannite,  527 
Headlight  oil,  638 
Heat  application,  80 

definition,  66 

for  clarification,  136 

sources,  66 

units,  76 

valuation,  75 
Heavy  magnesium  oxide, 
498 

metal,  test,  979 

oil  of  wine,  664 

precipitates,  142 

spar,  516 
Hectogramme,  33 
Hectometer,  33 
Hedeoma,  826 
Hellebore,  921 
Hematoxylon,  792 

extract,  284 
Hemiterpenes,  805 
Hemlock,  926 
Hemp,  American,  841 

Canadian,  860 

extract,  280 

Indian,  841 
Hempel's  desiccator,  109 
Henbane,  925 
Henry     III.,    statute     on 

weights,  30 
Hepar  sulpHuris,    See  Sid- 

phurated  potassa,  436 
Heptane,  720 
Herb  cutter,  110 
Herbs,  definition,  69 
Heroine,  710 
Hesperetin,  834 
Hesperidin,  833 
IJexadecane,  720 
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Hexagonal  system  of  crys- 
tals, 143 
Hexahydropyridine,  878 
Hexamethylenamina,  755 
Hexamethylenamine,  755 
Hexamethylene,  755 
Hexamethylen-tetramine, 

755 
Hexanes,  635 
Hexyl  alcohols,  692 
Hive  syrup,  201 
Hoffman's  anodyne,  177 

drops,  177 
Holding  hand  scale,  38 
Homatropinse      hydrobro- 

midum,  886 
Homatropine      hydrobro- 

mide,  886 
Homologues,  627 
Homopyrocatechin,  774 
Honey,  705 

clarified,  203 

of  rose,  203 
Honeys,  203 
Hoods,  91 
Hops,  842 
Horehound,  844 
Horn  silver,  621 
Hot  filtration,  132 
Humulene,  842 
Humulus,  842 
Hundredth-normal   potas- 
sium hydroxide       V.S., 

994 
Huxham's  tincture  of  bark, 

226 
Hydracetin,  771 
Hydrargyri         chloridum 
corrosivum,  611 
mite,  612 

cyanidum,  615 

iodidum  flavum,  616 
rubrum,  615 

oxidum  flavum,  617 
rubrum,  618 

subsulphas  flavus,  619 
Hydrargyrum,  607 

ammoniatum,  610 

cum  creta,  608 
Hydrastina,  904 
Hydrastinae  hydrochloras, 
906 

hydrochloridum,  900 
Hydrastine,  904,  920 

yellow,  905 
Hydrastinine,  905 

hydrochloride,  906 
Hydrastis,  920 

fluid,  208 

fluidextract,  248 

glycerite,  207 

tincture,  228 
Hydrate  of  iron,  562 

of  sodium,  455 
solution,  455 


Hydraulic  press,  154 
Hydriodic    acid,    diluted, 
414 
syrup,  415 
tests,  951 
Hydro-alcoholic    extracts, 

276 
Hydrobromateof  hyoscine, 
888 

of  hyoscyamine,  887 

of  quinine,  896 
Hydrobromic  acid,  dilute, 
413 
tests,  944 
Hydrobromide     of     hyos- 
cine, 888 
Hydrocarbons,  627 
Hydrochlorate  of  apomor- 
phine,  710 

of  cocaine,  890 

of  hydrastinine,  906 

of  morphine,  909 

of  pilocarpine,  881 
Hydrochloric  acid,  411 
diluted,  412 
tests,  947 
Hydrochloride  of  apomor- 
phine,  910 

of  cocaine,  890 
Hydrocyanic  acid,  743 
Hydrofluoric    acid,    tests, 

951 
Hydrogen,  382 

dioxide    solution,     174, 
386 
Hydrolysing,  694 
Hydrolysis,  709 
Hydrometer,  48 

Baume,  49 

exercises,  1094 

Nicholson's,  50 
Hydronaphthol,  866 
Hydroquinone,  765 
Hydrous  wool  fat,  734 
Hygrine,  923 
Hygroscopic      substances, 

148 
Hyosceine.     See  Hyoscine. 
Hyoseinae      hydrobromas, 
888 

hydrobromidum,  888 
Hyoscine,  888 

hydrobromide,  888 
Hyoscyaminse  hydro- 

bromas, 887 

hydrobromidum,  887 

sulphas,  888 
Hyoscyamine,  887 

hydrobromide,  887 

sulphate,  888 
Hyoscyamus,  925 

extracts,  284 

fluidextract,  247 

tincture,  228 
Hypnal,  669,  754 


"Hypo",  477 
Hypochlorites,  test,  949 
Hypodermic  tablets,  329 
Hypophosphite      of     cal- 
cium, 512 

of  iron,  558 

of  manganese,  530 

of  potassium,  448 

of  sodium,  466 

syrups,  196 
Hypophosphites,  tests,  957 
Hypophosphorous       acid, 
429 
diluted,  430 
Hyposulphite    of   sodium, 

476 

ICHTHYOCOLLA,  939 

Igasuric  acid,  926 
Ignition,  80 
application,  82 
operation,  83 
Ihrig  capsule  filler,  310 
lUicium,  830 
Immiscible  liquids,  137 
separation  of,  137 
Immunity  unit,  942 
Imperial  gallon,  difference 
from  U.  S.  wine  gal- 
lon, 31 
system  of  weights  and 
measures,  31 
Inactive  tartaric  acid,  685 
Incandescent  carbon,  70 
Inch,  29 
Incineration,  80 
operation,  83 
Incompatible         prescrip- 
tions, 1081 
Incompatibility,  chemical, 
1077 
intentional,  1080 
pharmaceutical,  1077 
physical,  1077 
prescription,  1077 
therapeutical,  1077 
Increasing  fluidity  for  clari- 
fication, 136 
Indian   cannabis,   fluidex- 
tract, 246 
tincture,  224 
hemp,  841 
extract,  280 
Infusa,  213 

Infusion  of  cinchona,  214 
of  digitahs,  214 
of  senna,  compound,  215 
of  wild  cherry,  215 
Infusions,  212 

by  cold  maceration,  213 

percolation,  213 
by  digestion,  213 
by  hot  maceration,  212 

percolation,  213 
manufacture,  212 


INDEX 


1157 


Infusum  cinchonae,  214 

digitalis,  214 

pruni  virginianae,  215 

sennae  compositum,  215 
Ink,  black,  545 

invisible,  531 

sympathetic,  531 
Inorganic  acids,  409 
Inscription,  1056 
Inspissated  juices,  274 
manufacture,  275 
Insurance  oil,  638 

as  a  fuel,  68 
Intentional         incompati- 
bility, 1080 
Interstitial  water,  147 
Inulin,  704 
lodates,  test,  951 
Iodic  acid,  tests,  951 
Iodide  of  ammonia,  492 

of  iron,  551 

of  lead,  603 

of  mercury,  red,  615 
yellow,  616 

of  potassium,  448 

of  silver,  625 

of  sodium,  467 

of  strontium,  516 

of  zinc,  523 
Iodides,  test,  951 
Iodine,  394 

absorption  number,  1045 

colorless  tincture,  396 

compound  solution,  185 

ointment,  347 

test  solution,  alcoholic, 
1045 

tests,  950 

tincture,  228 
Iodized  sulphur,  400 
Iodoform,  644 

ointment,  348 
lodoformum,  644 
lodol,  753 
lodolum,  753 
lodometry,  1000 
lodophenin,  771 
lodum,  394 
lonone,  810 
Ions,  118 
Ipecac,  918 

and  opium  powder,  304 

fluidextract,  246 

syrup,  196 

wine,  259 
Ipecacuanha,  918 
Ipecacuanhic  acid,  918 
Iron,  543,  546 

albuminate,  932 

and  ammonium  citrate, 
569 
tartrate,  567 

and  potassium  tartrate, 
567 

and  quinine  citrate,  569 


Iron    and    strychnine    ci- 
trate, 570 

by  hydrogen,  546 

carbonate,   saccharated, 
549 

cast,  544 

dialyzed,  564 

galvanized,  520 

iodide,  551 

mixture,         compound, 
265,  551 

peptonate,  932 

pyrites,  543 

reduced,  546 

rust,  545 

salts.      See  Ferrous  and 
Ferric. 

wines,  258 

wrought,  644 

tests,  971 
Irone,  810 
Isinglass,  939 

plaster,  356 
Iso-allyl-benzene,  796 
Isobutane,  635 
Isomeres,  635 
Isomorphism,  144 
Isomorphous  bodies,  144 
Isonitrites,  744 
Isoprene,  805,  855 
Isopropylacetic  acid,  687 
Isopropyl  benzene,  796 

metacresol,  800 
Isopunicine,  917 
Isoquinoline,  904 
Isothiocyanic  acid,  745 

Jaborandi,  922 
Jaboridine,  923 
Jaborine,  923 
Jalap,  717 

compound  powder,  304 

resin,  291 
Jalapa,  717 
Jalapin,  715 

James'  powder,  301,  583 
Jamestown  weed,  924 
Japanese  wax,  742 
Jasmin,  yellow,  908 
Javelle  water,  393 
Jervine,  921 
Jimson  weed,  924 
Jolly   spiral   balance,   29, 

53 
Juices,  238 

inspissated,  275 
Jujube     paste      lozenges, 

333 
Juniper  berries,  819 

compound  spirit,  179 

oil,  819 

spirit,  179 

Kainite,  453 
Kakodyl  reaction,  573 


Kamnafuga,  770 
Kaolin,  539 

cataplasm,  352 
Kaolinum,  539 
Kelp,  395 
Keratin,  933 
Kerme's  mineral,  584 
Kerner's  test,  900 
Kerosene,  638 
Ketones,  632 
Ketoses,  694 
Kettles,  steam,  75 
Kidney  plasters,  353 
Kilogramme,  33 
Kilometer,  33 
Kinic  acid,  721 
Kino,  795 

red,  795 

tincture,  229 
Kinoic  acid,  795 
Kinoin,  795 
Kinotannic  acid,  795 
Kinovic  acid,  921 
Knife  edge  (of  balance),  36 
Kola,  752 
Kombic  acid,  714 
Koppeschaar's      solution, 

1047 
Kosin,  862 
Koumiss,  937 
Kousso,  862 
Krameria,  791 

extract,  285 

fluidextract,  247 

syrup, 196 

tmcture,  229 

troches,  332 
Krameric  acid,  791 
Kramero-tannic  acid,  791 
Kyanol,  767 

Labarraque's      solution, 

393 
Labelling  the  prescription, 

1073 
Laboratory  exercises,  1091 
Lac  fermentatum,  937 

sulphur,  400 
Lactic  acid,  677 
Lactometer,  50 
Lactopicrin,  862 
Lactose,  698 
Lactucarium,  862 

syrup,  197 

tmcture,  279 
Lactucerin,  862 
Lactucic  acid,  862 
Lactucin,  862 
Lathes'  slipper,  843 
Lady  Webster's  pills,  323 
LiPvogyrate      substances, 

685 
Lamp,  alcohol,  68 

black,  406 

Russian  blast,  69 
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Lana  philosophica,  524 
Lanolin,  734 
Lapactic  pills,  324 
Lapis  infernalis,  624 

lazuli,  532 
Lappa,  717 

fluidextract,  247 
Larch,  847 
Lard,  732 

benzoinated,  733 

oil,  730 
Large  flake  manna,  705 
Latent  heat,  85 

of  steam,  85 
Latin  official  name,  22 

of  prescriptions,  1058 
Laudanum,  232 

Sydenham,  259 
Laughing  gas,  402,  494 
Lavander,  compound  tinc- 
ture, 230 

oil,  819 

spirit,  180 
Lead,  597 

acetate,  600 

carbonate,  602 
ointment,  603 

chamber  process,  421 

iodide,  603 
ointment,  607 

meconate,  603 

nitrate,  604 

oxide,  598,  599 

plaster,  356,  604 
manufacture,  1132 
by       precipitation, 
1139 

subacetate,  diluted  solu- 
tion, 186 
solution,  601 

tests,  977 

water,  186,  602 
Leaves,  definition,  690 
Leblanc's  process,  461 
Lecithin,  742 
Legumin,  932 
Lemon  essence,  180 

juice,  692 

oil,  835 

peel,  835 

syrup,  193 

tincture,  230 
Lepidolite,  478 
Leptandra  extract,  285 

fluidextract,  246 
Levant  wormseed,  859 
Levigation,  116 
Levogyre  tartaric  acid,  685 
Levulose,  694 
Libavius'    fuming     spirit, 

585 
Lichenin,  703 
Licorice  extract,  283 

powder,  compound,  304 

root,  711 


Liebig  condenser,  96 
Light  as  a  source  of  heat,  67 

precipitates,  142 
Lily  of  the  valley,  714 
Lime,  505 

chloride,  391 

chlorinated,  391 

liniment,  272,  507 

milk,  509 

stone,  504 

sulphurated,  508 

syrup,  507 

water,  185,  506 
Limonene,  803 
Limonis  cortex,  835 

succus,  692 
Linamarin,  735 
Linen,  700 
Liniment,  chloroform,  273 

hartshorn,  272 

soap,  273 

volatile,  272 

of  ammonia,  272 

of  belladonna,  272 

of  camphor,  273 

of  Hme,  272,  503 

of  soft  soap,  274 

of  turpentine,  254 
Liniments,  272 
Linimentum  ammonise,272 

belladonnse,  272 

calcis,  272,  507 

camphorse,  273 

chloroformi,  273 

saponis,  273 
mollis,  274 

terebinthinse,  274 
Linoleic  acid,  722 
Linolein,  728 
Linoxyn,  728 
Linseed,  735 

oil,  727 
Linum,  735 
Liquefied  phenol,  761 
Liquid  albolene,  638 

definition,  359 

fuels,  68 

glass,  474 

opodeldoc,  273 

petrolatum,  638 

pharmaceuticals,    table, 
166 

smoke,  776 
Liquor  acidi  arsenosi,  183 
phosphorici,  404 

ammonii   acetatis,    184, 
486 

antisepticus,  184 

arseni      et      hydrargyri 
iodidi,  184,  580 

calcis,  185,  506 

chlori  compositus,    185, 
391 

cresolis  compositus,  185, 
773 


Liquor  electropceicus,  446 
ferri  chloride,  556 
et  ammonii  acetatis, 

565 
peptonati,  932 
subsulphatis,  56 
tersulphatis,  560 
formaldehydi,  185,  647 
hydrargyri  nitratis,  185, 

619 
iodi  compositus,  185 
magnesii    citratis,    186, 

500 
plumbi  subacetatis,  186, 
601 
dilutus,  186,  602 
potassse,  434 
potassii  citratis,  444 

hydroxidi,  434 
sodse  chloratse,  393 
chlorinatse,  393 
sodii  arsenatis,  187,  579 
hydroxidi,  187,  455 
phosphatis     composi- 
tus, 472 
silicatis,  474 
zinci  chloridi,  523 
Liter  flask,  46 
Litharge,  599 
Lithii  benzoas,  478 
bromidum,  479 
carbonas,  480 
citras,  481 

effervescens,  481 
salicylas,  482 
Lithium,  478 
benzoate,  478 
bromide,  479 
carbonate,  480 
citrate,  481 

effervescent,  481 
salicylate,  482 
tests,  967 
Little  giant  pills,  614 
Liver  of  sulphur,  436 
Lixiviation,  155 
Lobelia,  925 

fluidextract,  250 
tincture,  231 
Lobelic  acid,  925 
Lobeline,  925 
Lode  stone,  543 
Logwood,  792 
extract,  284 
Losophane,  774 
Lotion,  124 
apparatus,  124 
operation,  124 
Lovi's  beads,  52 

exercises,  1095 
Lozenge  making,  1108 
Lozenges.     See  Troches. 
jujube  paste,  333 
of  tasteless  quinine,  334 
Wistar's,  332 
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Lugol's  solution,  186 
Lunar  caustic,  624 
Lupulin,  843 

fluidextract,  253 

oleoresin,  262 
Lupuline,  842 
Lupulinum,  843 
Lycopodium,  736 
Lysimeter,  123 

Mace,  836 
Maceration,  151 
Macrotin,  293 
Madder,  868 

Magendie's  solution,  910 
Magma,  141 
Magnesia,  497 

ponderosa,  498 
Magnesii  carbonas,  499 

oxidum,  497 

ponderosum,  498 

sulphas,  501 

effervescens,  503 

sulphis,  503 
Magnesite,  496 
Magnesium,  496 

carbonate,  499 

citrate,  effervescent,  500 
manufacture,  1122 
solution,  186,  500 

oxide,  497 

sulphate,  501 
effervescent,  502 

sulphite,  503 

tests,  967 
Magnetic  iron  ore,  543 
Malachite,  588 
Male  fern,  837 
Malic  acid,  684 
Malleable  iron,  545 
Malt,  705 

extract,  285 
Maltose,  699 
Maltum,  705 
Manah,  29 
Mandrake  root,  861 
Manganese,  527 

dioxide,       precipitated, 
529 

hypophosphite,  530 

peptonate,  932 

spar,  527 

sulphate,  530 

tests,  970 
Mangani  dioxidum,  529 
praecipitatum,  529 

hypophosphis,  530 

sulphas,  530 
Manna,  704 
Mannite,  692 
Mannitol,  692 
Mannose,  694 
Manometer,  92 
Manufacture  of  chemicals, 
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Marble,  504 
Marc,  152,  162 

recovery  of  alcohol,  162 
Margaric  acid,  721 
Marigold,  845 
Markoe  process,  427 
Marrubiin,  844 
Marrubium,  844 
Marsh  gas,  634 

mallow  drops,  707 
root,  707 
Marsh's  test,  573 
Mass,  28 

blue,  311 

definition,  359 

of  copaiba,  312 

of  ferrous  carbonate,  3 11, 
550 
manufacture,  1128 

of  mercury,  311,  608 

Vallet's,  311 
Massa  copaibae,  312 

ferri  carbonatis,  311,  550 

hydrargyri,  311,  608 
Masses,  311 
Mastic,  853 
Mastiche,  853 
Mastichic  acid,  854 
Mastichin,  854 
Matico,  840 

fluidextract,  246 
Matricaria,  844 
Matter,  definition,  359 
May  apple  root,  861 
Meadow  saffron,  919 
Mead's  disintegrator,  112 
Measures,  44 
Meat  juice,  937 
Meconic  acid,  929 
Medicated  syrups,  190 
Meerschaum,  496 
Mel,  705 

depuratum,  203 

rosse,  203 
Melachol,  472 
Melissa,  828 
Melissic  acid,  739 
Melissyl  alcohol,  739 
Melting-point       of       sub- 
stances, estimation,  84 
Meniscus,  46 
Menstruum,  152,  155 

choice     in     percolation, 
160 
Mentha  piperita,  827 

viridis,  828 
Menthol,  808 

Mercurial   ointment,   346, 
609 
one-third,  347 

plaster,  356,  610 
Mercuric  chloride,  611 
T.S.,  alcoholic,  1046 

cyanide,  615 

iodide,  615 


Mercuric  nitrate,  619 
ointment,  347,  620 
solution,  185,  619 

oxides,  617 

salts,  tests,  978 

sulphide,  620 

thiocyanate,  745 
Mercurous  chloride,  611 

iodide,  615 

salts,  tests,  978 
Mercury,  605,  607 

filament  in  thermome- 
ters, repairing  break, 
80 

mass,  311,  608 

oleate,  211 

subsulphate,  619 

sulphate,  619 

with  chalk,  608 
Mesitylene,  795 
Meta  compounds,  763 
Metadihydroxybenzene, 

764 
Metallic  phosphorus,  405 
Metallurgy,  517 
Metals,  430 

alkali,  431 
Metaphosphoric  acid,  429 

diluted,  429 
Meter,  origin,  33 
Methacetin,  771 
Methane,  634 
Methyl,  629 

alcohol,  645 

chavicol,  830 

chloride,  641 

ether,  645 

salicylate,  783 
Methylthionina?        hydro- 

chloridum,  768 
Methylal,  648 
Methylethylacetic       acid, 
687 

benzenes,  796 
Methyl-propyl     benzenes, 

798 
Methyl-punicine,  917 
Methylene  blue,  768 

group,  798 
Methylis  salicylas,  783 
Metric  system,  history,  33 
Metrology,  28 
Mezereum,  839 

fluidextract,  246 
Microcosmic  salt,  495 
Mild    mercurous   chloride, 

612 
Milk,  678,  937 

as  clarifying  agent,  136 

of  almonds,  268 

of  asafetida,  269 

of  lime,  509 

of  magnesia,  499 

of  sulphur,  400 

sugar,  698 
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Mill,  barrel,  111 

Buhr  stone,  111 

cannon-ball.  111 

roller,  111 
Mills,  111 

hand  power,  112 
Milligramme,  33 
Millimeter,  33 
Milliliter,  34 
Minderer's  solution,  184 
Mineral     chameleon,  452, 

531 
Minim,  32 
Mint.        See  Peppermint, 

Spearmint. 
Mistura  cretse,  264 

ferri     carbonatis,     265, 
551 

fusca,  265 

glycyrrhizsB    composita, 
265 

potassii  citratis,  444 

rhei  et  soda,  265 
Mixture,  brown,  265 

chalk,  264 

compound  iron,  551 

Griffith's,  265 

neutral,  444 

of    ferrous      carbonate, 
265 

of      glycyrrhiza      com- 
pound, 265 

of  rhubarb  and  soda,  265 
Mixtures,  264 

manufacture,  264 
Mohr's    balance  exercises, 

1095 
Mohr-Westphal      balance, 

51 
Moissan's  electric  furnace, 

73 
Molasses,  698 
Molecule,  compound,  367 

definition,  359 

simple,  367 
Molecular  weight  calcula- 
tions, 378 
Monads,  367 
Monobromated    camphor, 

812 
Monoclinic  system  of  crys- 
tals, 143 
Monochlor-ethane,  648 
Monohydrated  sodium  car- 
bonate, 460 
Monsel's  powder,  562 

solution,  561 
Morphina,  907 
Morphina3  acetas,  908 

hydrochloras,  909 

hydrochloridum,  909 

sulphas,  909 
Morphine,  907,  929 

acetate,  908 

hydrochloride,  909 


Morphine  sulphate,  909 

compound  powder,  304 
Morrhuol,  732 
Mortar,  agate,  114 

contusion,      foundation 
for.  111 

glass,  114 

iron.  111 

marble.  111 

porcelain,  114 

wedgewood,  114 

wooden.  111 

for  contusion,  111 

for  trituration,  114 
Moschus,  939 
Moth  balls,  864 
Mother  liquor,  145 
Molded  silver  nitrate,  623 
Mucilage  of  acacia,  188 
by    circulatory    solu- 
tion, 189 

of  elm,  189 

of  sassafras  pith,  189 

of  tragacanth,  189 
Mucilages,  188 

made  with  cold  water, 
188 
hot  water,  188 

preparation,  188 
Mucilago  acacia;,  188 

sassafras  medullse,  189 

tragacanthae,  189 

ulmi,  189 
Muller,  motion  in   leviga- 

tion;  116 
Muriatic  acid,  412 
Musk,  939 

root,  837 

tincture,  231 
Mustard  leaf,  357 

oil,  745 

pepper,  357 
Mycoderma  aceti,  670 
Mydriatic  alkaloids,  923 
My  opsin,  936 
Myotic,  927 
Myricene,  803 
Myricyl  alcohol,  739 
Myristica,  836 

oil,  836 
Myrosin,  746,  937 
Myrrh,  857 

tincture,  231 
Myrrha,  857 


Names,  botanical,  24,  25. 

See    Botanical    name, 

Generic  name,  Specific 

name. 
pharmacopceial,  22.   See 

Pharmacopodal  names. 
NapeUine,  918 
Naphthalene,  864 
Naphthalenum,  864 


Naphthalin,  864 
Naphthalinum,  864 
Naphtol,  865 
Naphtholaristol,  866 
Naphthoquinone,  866 
Naphthols,  865 
Narceine,  929 
Narcotine,  929 
Nataloin,  972 
National  Formulary,  28 
Natrium,  453 
Natural  gas,  636 
as  fuel,  69 

order,  25 

sodium   salicylate,  474, 
785 
Neroli  oil,  836 
Nessler's  reagent,  484 
Neutral  mixture,  444 

principles,  852 
"N.  F."         See   National 

'Formulary. 
Nicholson's      hydrometer, 

51 
Nickel,  531 

plating,  531 
Nicotiana  tabacum,  925 
Nicotine,  882 
Nightshade,  923 

family,  924 
Nihilum  album,  524 
Nitrate  of  lead,  604 

of  mercury,  619 

of  potash,  449 

of  silver,  622 
molded,  623 

of  sodium,  468 
Nitrates,  tests,  955 
Nitre.  See    Potassium 

nitrate. 
Nitric  acid,  416 
diluted,  416 
tests,  955 

oxide,  402 
Nitriles,  744 
Nitrite  of  amyl,  686 

of  ethyl,  659 

of  sodium,  468 
Nitrites,  test,  955 
Nitrogen,  401 

dioxide,  402 

monoxide,  402 

pentoxide,  402 

tetroxide,  402 
Nitroglycerin,  681 

spirit,  179 
Nitrohydrochloric       acid, 
417 
diluted,  417 
Nitrous  acid,  test,  955 

ether,  spirit,  177,  659 

oxide,  402 
Nomenclature    of     chem- 
icals, 368 
Nonane,  720 
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Non-volatile      impurities, 

tests,  984 
Normal  salts,  378 

hydrochloric  acid  V.S., 

992 
potassium       hydroxide, 

V.S.,  993 
sodium  hydroxide  V.S., 

995 
sulphuric  acid  V.S.,  990 
volumetric        solutions, 
987 
Norwood's  tincture,  238 
Nuclei    in    crystallization, 

145 
Nucleine,  932 
Nutgall,  793 
ointment,  346 
tincture,  227 
Nutmeg,  836 
butter,  836 
grater,  110 
oil,  836 
Nux  vomica,  926 
extract,  286 
fluidextract,  249 
tincture,  231 


Obulus,  30 
Octane,  720 
Official,  21 

definition,  24 

description,  26 

names,  22 

recipe,  27 
Officinal,  21 
Oil  bath,  73 

bone,  406 

castor,  728 

cod  Hver,  731 

croton,  729 

cotton  seed,  726 

ethereal,  664 

fixed,  723 

lard,  730 

linseed,  727 

olive,  724 

of  allspice,  832 

of  anise,  830 

of  Bergamot,  836 

of  betula,  784 

of  bitter  almond,  777 

of  black  pepper,  262 

of  cade,  848 

of  cajaput,  818 

of  camphor,  812 

of  cassia,  824 

of  chenopodium,  818 

of  cinnamon,  824 

of  cloves,  829 

of  copaiba,  849 

of  coriander,  831 

of  cubeb,  842 

of  erigeron,  819 


Oil  of  eucalyptus,  825 

of  fennel,  831 

of  gaultheria,  784 

of  garlic,  683 

of  hedeoma,  827 

of  juniper,  819 

of  lavender  flowers,  819 

of  lemon,  835 

of  mace,  836 

of  mustard,  683,  745 

of  myrbane,  758 

of  myristica,  836 

of  neroli,  836 

of  nutmeg,  836 

of  orange  peel,  834 

of  peppermint,  827 

of  pimenta,  832 

of  rose,  820 

of  rosemary,  821 

of  santal,  821 

of  sassafras,  823 

of  savin,  840 

of  spearmint,  828 

of  spike,  820 

of  sweet  birch,  784 

of  tar,  848 

of  theobroma,  730 

of  thyme,  821 

of  turpentine,  846 
emulsions,  1113 

of  vitriol,  419 

of  wine,  664 

of  wintergreen,  784 
Ointment,  434 

jars,  350 

basilicon,  341 

belladonna,  345 

blue,  347 

chrysarobin,  345 

diachylon,  346 

dispensing  of,  350 

iodine,  347 

iodoform,  348 

mercury,  346 

nutgall,  346 

sulphur,  349 

tar,  348 

veratrine,  349 

of  ammoniated  mercury, 
346 

of  boric  acid,  344 

of  mercuric  nitrate,  347, 
620 

of      mercuric      nitrate, 
manufacture,  1137 

of  phenol,  348 

of  potassium  iodide,  348 

of  red   mercuric   oxide, 
347 

of  rose  water,  345 

of  stramonium,  349 

of  tannic  acid,  345 

of  white  precipitate,  346 

of  yellow  mercuric  ox- 
ide, 347 


Ointment  of    zinc  oxide, 
349 
stearate,  350 
Ointments,  342 

by  fusion,  343 

by  incorporation,  343 

manufacture,  343 
Oleate  of  atropine,  210 

of  cocaine,  211 

of  mercury,  211 

of  quinine,  211 

of  veratrine,  211 

of  zinc,  212,  524 
Oleates,  210 

manufacture,  210 
Oleatum  atropinae,  210 

cocaine,  211 

hydrargyri,  211 

quinina,  211 

veratrinae,  211 

zinci,  212 
Oleic  acid,  721 
Olein,  723 
Oleoresin  of  aspidium,  261 

of  capsicum,  261 

of  cubeb,  261 

of  ginger,  262 

of  lupulin,  262 

of  pepper,  262 
Oleoresina  aspidii,  261 

capsici,  261 

culbeba;,  261 

lupulini,  262 

piperis,  262 

zingiberis,  262 
Oleoresins,  259,  845 

manufacture,  260 

natural,  259 

pharmaceutical,  259 
Oleosacchara,  306 
Oleosaccharates,  306 
Oleum  adipis,  730 

sethereum,  664 

amygdalae  amarae,  777 
expressum,  725 

anisi,  830 

aurantii  corticis,  834 

betulae,  784 

cadinum,  848 

cajuputi,  818 

caryophiUi,  829 

chenopodii,  818 

cinnamomi,  824 

copaibae,  849 

coriandri,  831 

cubebae,  842 

erigerontes,  819 

eucalypti,  825 

fceniculi,  831 

gaultheriae,  784 

gossypii  seminis,  746 

hedeomae,  827 

juniperi,  819 

lavandulae  florum,  819 

lini,  727 
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Oleum  limonis,  835 

menthse  piperitse,  827 
viridis,  828 

morrhuse,  731 

myristicae,  836 

olivffi,  724 

picis  liquidae,  848 

pimentse,  832 

ricini,  728 

rosse,  820 

rosmarini,  821 

sabinse,  840 

santali,  821 

sassafras,  823 

sinapis  volatile,  745 

terebinthinaj,  846 
rectificatum,  846 

theobromatis,  730 

thymi,  823 

tiglii,  729 
Olive  oil,  724 
Ophelic  acid,  712 
Opianic  acid,  905 
Opii  deodoratum,  930 

granulatum,  929 

pulvis,  929 
Opium,  929 

camphorated     tincture, 
233 

denarcotized,  930 

deodorized,  930 
tincture,  233 

extract,  286 

granulated,  929 

pills,  324 

powdered,  929 

plaster,  356 

tincture,  232 

vinegar,  263 

wine,  259 
Opodeldoc,  273 
Opsonins,  943 
Orange,   compound  spirit, 
178 

flower  syrup,  194 
water,  171 
stronger,  172 

peel,  bitter,  833 
oil,  834 
sweet,  834 
tincture,  222 

syrups,  194 
Oregon  grape  fruit,  919 
Organic  acids,  409 

chemistry,  626 
Orgeate  syrup,  193 
Origanum,  828 
Orpiment,  572 
Orthophosphoric  acid,  429 
Ortho  compounds,  763 
Ortho-oxy-benzoic      acid, 

782 
Oxalate  of  cerium,  540 
Oxalates,  tests,  961 
Oxalic  acid,  674 


Oxalic  acid,  tests,  961 
Oxgall,  941 
Oxidation,  425 
Oxide  of  lead,  599 

of  silver,  625 

of  zinc,  523 
Oxides  of  antimony,  581 

of  lead,  598 

of  mercury,  617 

of  nitrogen,  402 

of  silver,  622 
Oxidizing  agents,  425 
Oxygen,  383 
Oxyacanthine,  919 
Oxy-cinnamic  acid,  797 
Oxy-hydrogen  blast  lamp, 

73 
Oxyhydroquinone,  767 
Oxymethylanthraquinone, 

868 
Oxypropionic  acid,  677 
Oven,  drying,  109 


Packages,  wrapping,  297- 

299 
Paddles,  91 
Pale  catechu,  794 

rose,  793 
Palma  rosa  oil,  820 
Palmitic  acid,  720 
Pancreatin,  935 
Pancreatinum,  935 
Papain,  937 
Papaveracese,  926 
Paper,  700 

as  filtering  medium,  130 

mustard,  357 
Papyrus,  Eber's,  17 
Para  compounds,  763 
Paraffin,  640 
Paraffinum,  640 
Paraldehyde,  666 
Paraldehydum,  666 
Parchment,  701 
Paregoric,  233 
Pareira,  918 

fluidextract,  48 
Pariglin,  719 
Parillin,  719 
Pat6  de  Cauquoin,  523 
Pavy's  solution,  1049 
Pearl  ash,  440 
Pearls  of  nitrite  of  amyl, 

687 
Pectin,  704 

Pelletierinse  tannas,  917 
Pelletierine,  922 

tannate,  917 
Pellicle,  145 
Pellitory,  843 
Pennyroyal,  826 

oil,  827 
Pentamethylene,  754 
Pentanes,  635 


Penta-methylene-diamine, 

878 
Pepo,  736 
Pepper,  842 

black,  842 

cayenne,  842 

oleoresin,  262 

red,  842 
Peppermint,  827 

essence,  180 

oil,  827 

spirit,  180 

water,  174 
Pepsin,  934 
Pepsinum,  934 
Peptomangan,  932 
Peptone,  932 

Percentage  solutions,  prob- 
lems, 65 
Perchlorate,  tests,  949 
Percolate,  collecting,  157 

rapidity  of  flow,  161 
Percolates,  155 
Percolating  closets,  158 

stands,  158 
Percolation,  155 

comminution    of    drug, 
158 

continuous,  161 

exercises,  1102 

exhausting  drug,  162 

moistening  drug,  158 

outlet  tubes,  161 

packing  drug,  158 

principle    of    operation, 
155 
Percolator,  155 

Berry's,  164 

for  volatile  liquids,  164 

material,  156 

Rosewater's,  164 

shape,  157 

Squibb's  well  tube,  162 
Permanganate  of  potash, 

451 
Persulphate  of  iron,  solu- 
tion, 560 
Peruvian  bark,  921 
Pestle,  cementing  handle, 

114 
Pestles,  114 
Petrolatum,  634 

hard,  639 

liquid,  638 

liquidum,  638 

molle,  639 

soft,  639 

spissum,  639 
Petroleum,  636 

benzin,  637 

ether,  637 
as  a  solvent,  118 

jelly,  639 
Pewter,  581 
!  Phajoretin,  869  • 
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Pharmaceutical    assaying, 
1016 
liquids,  table,  166 
preparations,  165 
solids,  table,  166 
testing,  944 
Pharmacist,  definition,  18 
Pharmacopoeia,  definition, 
17 
of    the    United  States, 

history,  19-21 
Valerius  Cordus,  18 
Pharmacopoeial  names,  22 
English  official,  23 
Latin  official,  22 
Pharmacopoeias,     munici- 
pal, 18 
national,  18 
international,  19 
Pharmacy,  definition,  17 
Phellandrene,  803 
Phenacetin,  770 
Phenacoll     hydrochloride, 

771 
Phenix        pharmaceutical 

condenser,  101 
Phenol,  759 
glycerite,  208 
liquef actum,  761 
Phenolphthalein,  795 
Phenols,  631,  758 
Phenolsulphonate    of    so- 
dium, 469 
of  zinc,  525 
Phenolsulphonates,      test, 

964 
Phenolsulphonic  acid,  762 
Phenyl  salicylate,  762,  785 
Phenylacetanide,  769 
Phenyldimethylpyrazolon, 

753 
Phenylis  salicylas,  785 
Phenyl-methyl-ether,  761 
Phloroglucin,  767 
Phosgene,  643,  747 
Phosphate  of  ammonium, 
495 
of  iron,  soluble,  571 
of  lime,  513 
of  soda,  470 

compound      solution, 

472 
effervescent,  471 
exsiccated,  471 
Phosphates,  tests,  958 
Phosphine,  512,  573 
Phosphoric  acid,  426 
diluted,  428 
glacial,  429 
meta,  429 
ortho,  429 
tests,  958 
Phosphorous    acid,   tests, 

958 
"Phosphor-salz,"  495 


Phosphorus,  403 

amorphous,  403 

elixir,  206 

metallic,  405 

piUs,  324 

manufacture,  1107 

powdering,  117 

red,  405 

spirit,  181 

waxy,  403 

yellow,  403 
Photosantonic  acid,  859 
Phthalic  acid,  795 
Physical  change,  360 
Physics,  definition,  360 
Physiological  assays,  716 
Physosterin,  927 
Physostigma,  926 

extract,  287 

tincture,  234 
Physostigminse     salicylas, 
914 

sulphas,  914 
Physostigmine,  927 

salicylate,  914 

sulphate,  914 
Phyto-albumin,  932 
Phytolacca,  857 

nuidextract,  247 
Phytolaccse  fructus,  857 

radix,  857 
Picrasmin,  861 
Picric  acid,  762 
Picropodophyllin,  861 
Picropodophyllinic      acid, 

861 
Picrotoxin,  860 
Pill  coating,  318 

cutting  machines,  316 

excipient,  314 

making        experiments, 
1106 

mass,    requirements    of 
ideal,  314 

roller,  317 
Pills,  313 

A.  B.  and  S.,  324 

Blaud's,  324 

cathartic        compound, 
323 

compound         laxative, 
324 

Lady  Webster's,  323 

lapactic,  324 

manufacture,  313 

of  aloes,  322 
and  iron,  322 
and  mastic,  322 
and  myrrh,  323 

of  antimony,  compound, 
584 

of  asafetida,  323 

of     ferrous     carbonate, 
324,  550 
iodide,  324,  552 


Pills  of  opium,  324 

of  phosphorus,  324 

of  podophyllum,  bella- 
donna, and  capsicum, 
324 

rhubarb,  compound,  324 

vegetable  cathartic,  323 

tiles,  316 
Pilocarpidine,  923 
Pilocarpinae  hydrochloras, 
881 

hydrochloridum,  881 

nitras,  881 
Pilocarpine,  880,  922 

hydrochloride,  881 

nitrate,  881 
Pilocarpus,  922 

fluidextract,  247 
Pilula  perpetua,  580 
Pilulse  aloes,  322 
et  ferri,  322 
et  mastiche,  322 
et  myrrhse,  323 

asafcetidse,  323 

catharticae     compositse, 
323 
vegetabiles,  323 

ferri  carbonatis,  324, 550 
iodidi,  324,  552 

laxativae  compositae,  324 

phosphori,  324 

opii,  324 

podophylli,  belladonnse 
et  capsici,  324 

rhei  compositae,  324 
Pimenta,  832 
Pinch  cocks,  99 
Pinene,  804 
Pink  root,  920 
Piper,  842 
Piperidine,  878 
Piperin,  842 
Piperina,  879 
Piperine,  879 

Pipette  for  separating  im- 
miscible liquid,  137 
Pipettes,  minims,  46 

volumetric,  46 
Pipsissewa.       See  Chima- 

phila. 
Pix  liquida,  847 
Plaited  filter,  folding,  130 
Planta  genista,  926 
Plant    terms,    25.  See 

Genus,  Species,  Families, 

Tribes. 
Plaster,  adhesive,  354 

belladonna,  355 

burgundy  pitch,  357 

capsicum,  355 

lead,  356,  604 

masses,  352 

mercurial,  356 

of  ammoniac  and  mer- 
cury, 610 
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Plaster  of  Paris,  504,  514 

opium,  356 

soap,  356 

spreading,  353 
experiments,  1134 
Plasters,  352 
Platform  scale,  42 
Platinic  chloride,  588 
Platinum,  587 

substances        attacking 
same,  82 
Plumbi  acetas,  600 

carbonas,  602 

iodidum,  603 

nitras,  604 

oxidum,  599 
Plumbum,  598 
Plummer's  pills,  584 
Pocula  emetica,  580 
Podophyllin,  293,  861 
Podophyllotoxin,  861 
Podophyllinic  acid,  861 
Podophyllum,  861 

belladonna,  and    capsi- 
cum pills,  324 

fluidextract,  246 

resin,  292 
Poke  berries,  857 

root,  857 
"Policeman,"  126 
Polybasic  acids,  673 
Polygalic  acid,  720 
Polysolve,  723 
Pomade  camphree,  341 
Pomades,  817 
Pomegranate,  922 

fluidextract,  248 
Pondo  libralis,  30 
Poor  man's  plaster,  357 
Poppy  family,  926 
Porphorization,  116 
Portland  cement,  505 
Potassa,  433 

alum,  535 

cum  calce,  434 

solution,  434 
,  sulphurata,  436 
Potassii  acetas,  436 

bicarbonas,  437 

bitartras,  438 

bromidum,  439 

carbonas,  440 

chloras,  441 

citras,  442 

effervescens,  443 

cyanidum,  445 

dichromas,  445 

et  sodii  tartras,  447 

ferrocyanidum,  447 

hydroxidum,  433 

hypophosphis,  448 

iodidum,  448 

nitras,  449 

permanganas,  451,  531 

sulphas,  453 


Potassium,  431 
acetate,  436 

and  sodium  tartrate,  447 
arsenite  solution,  576 
bicarbonate,  437 
bichromate,  445 
bitartrate,  438 
bromide,  439 
carbonate,  440 
chlorate,  441 

crystals,  manufacture, 
145 

granulating,  1099 

lozenges,  333 

tablets,  333 
citrate,  442 

effervescent,  443 

solution,  444 
cyanide,  445 
dichromate,  445 
ferricyanide,  448 
ferrocyanide,  448,  744 
hydrate,  433 
hydroxide,  433 
hypophosphite,  448 
iodide,  448 

ointment,  348 
myronate,  746 
nitrate,  449 

paper,  358 
permanganate,  451 
sulphate,  453 
thiocyanate,  745 
tests,  965 
Potio  de  Riviere,  444 
Poultices,  351 
Powder,    acetanilid    com- 
pound, 301 
antimonial,  301 
aromatic,  301 
boxes,  296 

chalk,  compound,  302 
compound    effervescing, 

302 
dividers,  294 
Dover's,  304 
folding  exercises,  1102 
glycyrrhiza,    compound, 

303 
James,  301 
morphine,      compound, 

304 
of       acetanilide,     com- 
pound, 770 
of  algaroth,  583 
of  ipecac  and  opium,  304 
paper  folding,  295 
Seidlitz,  302 
TuUy's,  304 
Powdered  opium,  929 

sublimates,  106 
Powdering  camphor,  117 
gold  foil,  117 
phosphorus,  117 
tin,  117 


Powders,  294 

administration,  306 
dividing,  294 
preparation,  294 
Precipitant,  139 
Precipitate,  139 
character,  141 
curdy,  141 
crystalline,  141 
gelatinous,  141 
fiocculent,  141 
bulky,  141 
Precipitated  calcium  car- 
bonate, 510 
phosphate,  513 
chalk,  511 

manufacture,  1120 
manganese  dioxide,  529 
sulphur,  398 
zinc  carbonate,  521 
Precipitates     in     fiuidex- 
tracts,  244 
light,  142 
heavy,  142 
Precipitating  jars,  141 
Precipitation,  139 
causes,  139 
by      chemical      action, 

140 
by  change  in  tempera- 
ture, 140 
in  solvent,  140 
by  action  of  light,  140 
by  adding  a  precipitant, 

140 
objects,  139 
Preparations,       chemical, 
165 
galenical,  165 
pharmaceutical,  165 
Prepared  chalk,  510 

suet,  733 
Prescription,  1056 
checking,  1076 
compounding,  1071 
filing,  1073 
incompatibility,  1077 
Latin,  1058 
writing,  1061 
Prescriptions,      explosive, 

1078 
Press  cloth,  153 
Enterprise,  154 
hand  lever,  153 
hydraulic,  154 
roller,  153 
screw,  154 
spiral  twist,  153 
tincture,  154 
wedge,  153 
Presses,  152 
Prickly  ash,  839 
Primary  alcohols,  631 
Prismatic  crystals,  144 
Probilin,  795 
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Problems  in  alligation,  BO- 
GS 

in  percentage,  63 
Proof  spirit,  657 
Propane,  635 
Propionic  acid,  677 
Propyl,  629 

benzene,  796 
Propylacetic  acid,  687 
Propylamine,  648 
Protocatechuic  acid,  787 

aldehyde,  787 
Protoiodide    of    mercury. 

See     Yellow    mercurous 

iodide. 
Protopine,  920 
Prune,  706 
Prunum,  706 
Prunus  virginiana,  778 
Prussic  acid.      See  Hydro- 
cyanic acid. 
Pseudojervine,  721 
Pseudopunicine,  917 
Psychotrine,  918 
Pteritannic  acid,  838 
Pterocarpus     marsupium, 

795 
Puce-colored   lead    oxide, 

598 
Pulverization  by  interven- 
tion, 117 

by  precipitation,  139 
Pulverizing,  111 
Pulvis     acetanilidi     com- 
positus,  301 

antimonialis,  301 

aromaticus,  301 

cretse  compositus,  302 

effervescens       composi- 
tus, 302 

glycyrrhizae       composi- 
tus, 303 

ipecacuanhae  et  opii,  304 

jalapse  compositus,   304 

morphinae     compositus, 
304 

purgans,  304 

rhei  compositus,  305 
Pumpkin  seed,  736 
Punicine,  917 
Punico-tannic  acid,  922 
Pure  extract  of  glycyrrhiza, 

284 
Purgative  lemonade,   186, 

500 
Purging  cassia,  706 
Purification  by  precipita- 
tion, 139 
Purified  aloes,  871 

animal  charcoal,  406 

cotton,  700 

oxgall,  941 

petroleum  benzin,  637 

talc,  503 
Pyknometer,  48 


Pyknometer,  estimation 
of  specific  gravity  of 
solids,  57 

exercises,  1093 
Pyrazol,  753 
Pyrethrum,  843 

tincture,  234 
Pyrites,  acid,  422 
Pyroantimonic  acid,  584 
Pyrodin,  771 
Pyrogallic  acid,  766 
Pyrogallol,  766 
Pyrolusite,  527 
Pyrometer,  76 
Pyrophor,  547 
Pyrophosphate  of  iron,  571 

of  soda,  472 
Pyrophosphates,  tests,  959 
Pyrophosphoric  acid,  429 
Pyroxylin,  701 
Pyroxylinum,  701 
Pyrrol,  752 


Quadruple  pomades,  817 
Qualitative  analysis,  944 
Quantitative  analysis,  944, 

986 
Quassia,  861 

extract,  288 

fluidextract,  247 

tincture,  234 
Quassin,  861 
Quebracho,  922 
Queen's  root,  837.        See 

Stillingia. 
Quercitannic  acid,  793 
Quercus,  793 

fluidextract,  248 
Quick  grass,  706 
Quicksilver,  605 
Quillaja,  719 

fluidextract,  247 

tincture,  234 
Quinia.     See  Quinine. 
Quinidine,  899 
Quinina,  893 
Quininae  bisulphas,  896 

hydrobromas,  896 

hydrobromidum,  896 

hydrochloras,  897 

hydrochloridum,  897 

salicylas,  898 

sulphas,  898 
Quinine,  893 

bisulphate,  896 

hydrobromide,  896 

hydrochloride,  897 

lozenges,  334 

oleate,  211 

salicylate,  898 

sulphate,  898 

Racemic  acid,  685 
Rack  for  strainers,  127 


Radicals,  628 
Radicles,  628 
Raphides,  715 
Rapid  filtration,  134 
Raspberry  syrup,  199 
Rasping,  110 
Rat-tail  file,  98 
Reading  zero  on  balance, 

41 
Reagent,  945 
Realgar,  572 
Reaumur's    thermometer, 

77 
Receiver,  96 
Receiving  bottle,  157 
Recipe,  27 
Rectified  oil  of  turpentine, 

846 
Red  bark,  921 

cinchona,  921 

lavender,  230 

lead,  598 

mercuric  iodide,  615 
oxide,  618 

precipitate,  618 
salve,  347 

pepper,  841 

phosphorus,  405 

rose,  793 

Saunders,  861 

wine,  651 
Reduced  iron,  564 
Reducing  agents,  425 
Reduction,  425 
Regular  system  of  crystals, 

143 
Reinische's  test,  574 
Remington  capsule  cleaner, 
310 
filler,  311 

still,  104 
Repercolation  experiment, 

1105 
Resina,  854 

copaibse,  293 

jalapae,  291 

podophylli,  292 

scammonii,  293 
Resin  acids,  857 

of  copaiba,  293 

of  guaiac,  853 

of  jalap,  291 

of  podophyllum,  292 

of  scammony,  293 
Resinoids,  292 
Resins,  290,  852 

acid  number,  1045 
Resopyrin,  765 
Resorcin,  764 
Resorcinol,  764 
Resorcinum,  764 
Resublimed  iodine,  396 
Retarded     crystallization, 

475 
Retort,  94 
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Retort  charging,  94 

stand,  99 

tubulated,  94 
Rhamnoxanthin,  870 
Rhamnus  purshiana,  870 
Rhatany,  791 

syrup,  196 
Rheum,  869 
Rhigolene,  636 
Rhizome,  definition,  690 
Rhombic  system  of    crys- 
tals, 43 
Rhubarb,  869 

and  magnesia.    See  Com- 
pound rhubarb  powder. 

and  soda  mixture,  265 

aromatic  syrup,  198 
tincture,  235 

compound  pills,  324 
powder,  305 

extract,  289 

fluidextract,  246 

sweet  tincture,  235 

syrup,  198 

tincture,  235 

terrified,  870 
Rhus  glabra,  691 

fluidextract,  248 
Ricinoleic  acid,  723 
Rider  on   analytical    bal- 
ance, 40 
Roasting,  84 
Rochelle  salt,  447 
Rock  candy,  697 

manufacture,         145, 
1100 
Rod,  guiding,  126 
Roll  sulphur,  397 
Roller  mill,  HI 
Roman  chamomile,  844 
Root,  definition,  690 
Rosa  centifolia.     See  Pale 
rose. 

gallica,  793 
Rose  confection,  312 

fluidextract,  248 

honey,  203 

oil,  820 

red,  793 

syrup, 199 

water,  175 
ointment,  345 
Rose's  fusible  metal,  591 
Rosemary  oil,  821 
Rosewater's       percolator, 

164 
Rosin,  854 

cerate,  431 

compound,  341 

oil,  728 
Rousseau's       densimeter, 

51 
Rubber,  854 

plasters,  352 
Rubijervine,  921 


Rubus,  792 

fluidextract,  247 
Ruby,  532 
Russian  blast  lamp,  69 


Sabina,  840 
Sabinol,  84 

Saccharated    ferrous    car- 
bonate, 549 
iodide,  552 
Saccharic  acid,  693 
Saccharimeter,  50 
Saccharin,  781 
Saccharum,  696 

lactis,  698 
Safety  tube,  100 
Saffron,  713 
Safrol,  798 
Safrolum,  798 
Sage,  844 

Saigon  cinnamon,  824 
Sal  absinthii.      See  Potas- 
sium carbonate. 

alembroth,  611 

ammoniac,  491 

armoniac,  491 
Sateratus,  438 
Salicin,  712 
Salicinum,  712 
Salicylamide,  786 
Salicylate   of   ammonium, 
494 

of  lithium,  482 

of  soda,  473 

of  strontium,  516 
Salicylates,  test,  964 
Salicylic  acid,  782 
Saligenin,  712 
Saliphene,  786 
Salol,  762,  785 
Salophene,  786 
Salt,  common,  465 

definition,  373 

of  tartar,  440 
Salt-water  bath,  74 
Saltpeter,  450 

Chile,  395 
Salts,  afcid,  378 

basic,  378 

double,  378 

normal,  378 
Salve,  carbolic,  348 

Deshler's,  342 

red  precipitate,  347 

zinc,  349 
Salves.     See  Cerates,  Oint- 
ments. 
Salvia,  844 

Sand  as  filtering  medium, 
132 

bath,  73 

filtration,  128 
Sandal  oil,  821 
Sanguinaria,  920 


Sanguinaria,    fluidextract, 
251 
tincture,  235 
Sanguinarin,  293 
Sanguinarine,  920 
Santalal,  821 
Santalic  acid,  861 
Santalin,  861 
Santalol,  821 
Santalum  rubrum,  861 
Santonica,  859 
Santonin,  858 

lozenges,  333 
Santoninum,  858 
Sapo,  737 

mollis,  738 
Saponification  assay,  cas- 
tor oil,  1043 
cod  liver  oil,  1043 
cotton  seed  oil,  1043 
croton  oil,  1043 
expressed    oil    of    al- 
mond, 1043 
lard  oil,  1043 
linseed  oil,  1043 
oil  of  theobroma,  1043 
olive  oil,  1043 
yellow  wax,  1043 
assays,  1042 
number,  1042 
Saponin,  719 
Saponins,  710 
Sapotoxin,  719 
Sapphire,  532 
Sarcolactic  acid,  677 
Sarsaparilla,  719 

compound       decoction, 
216 
fluidextract,  254 
syrup,  200 
fluidextract,  247 
Sarsaponin,  719 
Sassafras,  823 
medulla,  707 
oil,  823 
pith,  707 

mucilage,  189 
Sassafrid,  823 
Saturated  solution,  121 
Savine,  840 

fluidextract,  246 
oil,  840 
Saxoline,  639 
Scale  salts  of  iron,  566 
Scaling  ferric  citrate,  1128 
Scales,  36 

platform,  42 
Scammonin,  718 
Scammonium,  718 
Scammony,  718 

resin,  293 
Scheele's  green,  573 

hydrocyanic  acid,  744 
Schleich's  solution,  659 
Scilla,  715 
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Scillin,  715 
Scillipicrin,  715 
Scillitoxin,  715 
Sclerotic  acid,  728 
Scoparin,  926 
Scoparius,  926 
Scopola,  925 

extract,  289 

fluidextract,  246 
Scopolamine,  925 
Screw  press,  154 
Scripula,  30 
Scutellaria,  713 

fluidextract,  247 
Secondary  alcohols,  631 
Sedimentation,  136 

for  clarification,  136 
Seeds,  definition,  691 
Seidlitz  mixture,  303 

powder,  302 
Self-registering       thermo- 
meters, 80 
Senega,  720 

fluidextract,  249 

syrup,  201 
Senegin,  720 
Seneka  snake  root.       See 

Senega. 
Senna,  870 

compound  infusion,  215 

confection,  313 

fluidextract,  255 

manna,  and  salts,  215 

syrup,  201 
Separation   of   immiscible 
liquids  by  Floren- 
tine receiver,  138 
by  pipette,  137 
by  separatory  fun- 
nel, 137 
by  syphon,  138 
by  syringe,  137 
Separatory  funnels,  137 
Serpentaria,  839 

fluidextract,  246 

tincture,  236 
Serpentine,  496 
Serum  albumin,  931 

antidiphthericum,  941 
Sesquiterpenes,  805 
Sevum,  733 

praeparatum,  733 
S.  F.  manna.      See  Small 

flake  manna. 
Shekels,  29 
Sieve  as  strainer,  127 

numbers,  115 
Sieves,  115 
Sifting,  115 
Signa,  1058 
Siliqua,  30 
Silicate  of  soda,  474 
Silicates,  test,  960 
Silicon,  408 
Silk,  700 


Silver,  621 

glance,  621 

cyanide,  624 

iodide,  625 

nitrate,  622 
molded,  623 

oxide,  625 

tests,  978 
Simple  cerate,  340 

decomposition,  422 

molecule,  367 

ointment,  344 

reaction,  422 

solution,  119 

syrup,  192 
Sinalbin,  747 
Sinapin  bisulphate,  747 

sulphocyanide,  747 
Sinapis  alba,  747 

nigra,  746 
Sinigrin,  746 
Size  of  drop,  32 
Skull  cap,  713 
Slab  and  muller,  116 
Slag,  544 
Slaked  lime,  505 
Slicing  drugs,  110 
Slippery  elm  bark,  707 
Small  flake  manna,  705 
Smalt,  531 
Snakeroot,  black,  838 

Virginia,  24 
Snakeroots,  24,  839 
Soap,  737 

bark,  719 

green,  738 

soft,  738 

liniment,  273 

plaster,  356  f^ 
Soaps,  "+86-  I 

Soapstone,  503     I 
Socaloin,  872 
Socotrine  aloes,  871 
Soda,  455 

solution,  187,  455 
Sodii  acetas,  456 

arsenas,  577 

benzoas,  456 

bicarbonas,  464 

bisulphis,  457 

boras,  458 

bromidum,  460 

carbonas     monohydras, 
460 

chloras,  464 

chloridum,  465 

citras,  466 

hydroxidi,  455 

hypophosphis,  466 

hyposulphis,  476 

iodidum,  467 

nitras,  468 

nitris,  468 

phenolsulphonas,  469 

phosphas,  470 


i. 


Sodii    phosphas    efferves- 
cens,  471 

exsiccatus,  471 
pyrophosphas,  472 
salicylas,  473 
sulphas,  474 
sulphis,  476 
thiosulphis,  475 
Sodium,  453 
acetate,  456 
arsenate,  577 

exsiccated,  578 

solution,  187 
benzoate,  457 
bicarbonate,  464 
bisulphite,  457 
borate,  458 
bromide,  460 
carbonate,  460 

exsiccated,  463 

monohydrated,  460 
chlorate,  464 
chloride,  405 
citrate,  466 
hydrate,  455 

solution,  455 
hydroxide,  455 

solution,  187 
hypophosphite,  466 
iodide,  467 
nitrate,  468 
nitrite,  468 

phenol-sulphonate,  469 
phosphate,  470 

compound      solution, 
472 

eff'ervescent,  471 

exsiccated,  471 
pyroborate.    See  Sodium 

borate. 
pyrophosphate,  472 
salicylate,  473 

natural,  785 
silicate,  474 
sulphate,  477 

crystallizing,  475 
sulphite,  475 
sulphovinate,  658 
tests  for,  966 
tetraborate.  SeeSorfium 

borate. 
thiosulphate,  476 
Soft  capsules,  307 
petrolatum,  639 
soap,  738 

liniment,  274 
Solanaceae,  924 
Solid,  definition,  359 
fuel,  68 
pharmaceuticals,    table, 

166 
Solids,  specific  gravity,  53 
insoluble  in  and  heavier 
than  water,  specific 
gravity  of,  54 
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Solids     insoluble   in     and 
lighter    than     water, 
specific  gravity  of,  54 
soluble   in  and   heavier 
than  water,  specific 
gravity  of,  56 
and       lighter       than 
water,  specific  grav- 
ity of,  57 
Solubility,  118 

estimation,  122 
Solubilities,  table,  119 
Soluble   ferric   phosphate, 
571 
pyrophosphate,  571 
iron  and  quinine  citrate, 

570 
ginger,  238 
Solution,  chemical,  119 
circulatory,  121 
conditions  affecting,  119 
definition,  117 
Donovan's,  184 
gaseous,  123 
ionic  theory,  118 
Labarraque's,  393 
Lugol's,  186 
operation,  120 
of    ammonium    acetate, 

184,  486 

of  arsenic  chloride,  183 
of  arsenous  acid,  183 
and  mercuric  iodides, 
184 
of   calcium   hydroxides, 

185,  506 

of  chlorinated  soda,  393 

manufacture,  117 
of    chlorine    compound, 

185,  391 

of  cresol  compound,  185, 

773 
of    formaldehyde,     185, 

647 
of  ferric  acetate,  565 
chloride,  556 
citrate,  566 

manufacture,  1127 
nitrate,  566 
subsulphate,  561 
sulphate,  560 

manufacture,  1125 
of  hydrogen  dioxide,  174, 

386 
of     iodine,     compound, 

185 
of  iron  and  ammonium 

acetate,  565 
of  lead  subacetate,  186, 
601 
manufacture.  1131 
diluted,  186  ' 
of  lime,  185,  506 
of    magnesium    citrate, 

186,  500 


Solution   of    mercuric   ni- 
trate, 185,  619 
of  persulphate  of  iron, 

560 
of  potassa,  434 
of    potassium    arsenite, 
576 
citrate,  444 
hydroxide,  434 
of  soda,  187,  455 

manufacture,  1113 
of  sodium  arsenate,  187, 
579 
hydroxide,  187,  455 
phosphate,  compound, 
472 
of  zinc  chloride,  523 

manufacture,  1124 
saturated,  121 
simple,  119 
supersaturated,  121 
three   meanings   of   the 

word,  181 
volume  change  effected, 
122 
Solutions,  181 
chemical,  182 
manufacture,  182 
simple,  182 
Solvay  process,  462 
Solvents,  118 
Somnal,  749 
Sorbit,  693 
"Sorts"  manna,  705 
Sources  of  heat,  66 
Soziodol,  762 
Sozol,  762 
Spanish  fly,  938 
Sparteinse  sulphas,  882 
Sparteine,  882,  926 

sulphate,  882 
Spathic  iron  ore,  543 
Spatulas,  114 
Spearmint,  828 
essence,  180 
oil,  828 
water,  174 
Species,  25 
Specific  gravity,  46 
bottle,  48 

by  immersing  in  liquid 
of   known   density, 
54 
calculations,      55-59, 

1093 
estimation,  47 
exercises,  1093 
value,  47 
of  acids,  411 
of  solids,  estimation, 

53 
tables,  58 

with  graduated  tube, 
53 
name,  25 


Specific  volume,  58 
Spermaceti,  741 
Sphacelic  acid,  928 
Spigelia,  920 

fluidextract,  247 
SpigeHne,  920 
Spike  oil,  820 
Spiral  balance.  Jolly's,  53 
Spirit  of  ammonia,  177, 485 
aromatic,  177,  490 

of  anise,  178 

of  bitter  almond,  177 

of  camphor,  178 

of  chloroform,  179 

of  cinnamon,  179 

of  ether,  177 
compound,  177 

of  gaultheria,  179 

of  glonoin,  179 

of     glyceryl     trinitrate, 
179,  682 

of  hartshorn,  485 

of  juniper,  179 
compound,  179 

of  lavender,  180 

of  lemon,  180,  230 

of  mindererus,  184, 487 

of  myrcia,  180 

of  nitrous  ether,  177,  659 

of  nitroglycerin,  129,  682 

of    orange,    compound, 
178 

of  peppermint,  180 

of  phosphorus,  181 

of  sea  salt,  412 

of  spearmint,  180 

wood,  645 
Spirits,  175 

by  dilution,  176 

by  distillation,  176 

by  gaseous  solution,  176 

by  maceration,  176 

by  solution,  176 

manufacture,  176 
Spiritus  setheris,  177 
compositus,  177 
nitrosi,  177,  659 

ammonias,  177,  485 
aromaticus,  177,  490 

amygdalae  amarum,  177 

anisi,  178 

aurantii  compositus,  178 

camphorse,  178 

chloroformi,  179 

cinnamomi,  179 

frumenti,  179,  652 

fumans  Libavii,  585 

gaultherise,  179 

glonoini,  682 

glycerylis  nitratis,    179, 
682 

juniperi,  179 
compositus,  179 

lavandulse,  180 

limonis,  180 
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Spiritus  menthae  piperitae, 
180 
viridis,  180 

myrciae,  180 

phosphori,  181 

vini  gallici,  181,  653 
Split  emulsion,  267 
Spongy  platinum,  588 
Spontaneous  evaporation, 

89 
Spreading    plasters,     353, 

1134 
Spritz  bottle,  125 
Squibb's  well  tube  percola- 
tor, 162 
Squill,  715 

compound  syrup,  200 

fluidextract,  252 

syrup,  200 

tmcture,  236 

vinegar,  263 
Stannic  chloride,  585 

oxide,  584 
Stannous  chloride,  585 

oxide,  584 
Stannum,  584 
Staphisagria,  927 

fluidextract,  246 
Staphisagrin,  927 
Star  anise,  830 
Starch,  699,  702 

glycerite,  206 
Stavesacre,  927 
Steam  bath,  74 

coils,  75 

distillation,  103 

kettles,  75 

superheated,  75 
Steapsin,  936 
Stearate  of  zinc,  525 
Stearic  acid,  721 
Stearoptene,  806 
Steel,  544 

Stem,  definition,  690 
Stibine,  573 
Stick,  licorice,  284 
Sticking  plaster,  355 
Still,  Curtman,  104 

Phoenix,  100 

Remington,  104 
Stillingia,  837 

fluidextract,  247 
Stills,  94 
Stirrers,  91 
Stirring     rods,      breaking 

same,  91 
Stone  oil,  636 
Stone's   little   giant    pills, 

614 
Storax,  851 
Stoves,  68 

electric,  73 

gas,  71 

vapor,  69 
Strainers,  cheese  cloth,  127 

74 


Strainers,  cloth,  127 

felt,  127 

flannel,  127 

colander,  127 

sieve,  127 
Straining,  127 

forcible,  127 

rack,  127 
Stramonium,  924 

extract,  289 

fluidextract,  247 

ointment,  349 

seed,  924 

tincture,  236 
Strength  of  acids,  410 

of  extracts,  278 
"Striking  back "  of  burner, 

71 
Stronger  ammonia  water, 
485 

orange  flower  water,  172 

rose  water,  175 
Strontianite,  515 
Strontii  bromidum,  515 

iodidum,  516 

salicylas,  516 
Strontium,  515 

test,  968 

bromide,  515 

iodide,  516 

salicylate,  516 
Strophanthin,  714 
Strophanthinum,  714 
Strophanthus,  714 

tincture,  236 
Strychnina,  901 
Strychnina;  nitras,  902 

sulphas,  902 
Strychnine,  901 

nitrate,  902 

sulphate,  902 
Styptic  collodion,  210 
Styracine,  851 
Styrax,  851 
Styrol,  851 

Subacetate  of  lead,  solu- 
tion, 601 
Subcarbonate  of  bismuth, 
590 

of  iron,  548 
Subgallate  of  bismuth,  593 
Sublimate,  corrosive,  612 
Sublimates,  cake,  106 

powdered,  106 
Suolimation,  81,  IDS 

apparatus,  107 

exercises,  1102 

in  making  crystals,  146 

operation,  105 

temperature  of  conden- 
sation, 106 
Sublimed  sulphur,  398 
Subnitrate  of  bismuth,  592 
Subsalicylate  of  bismuth, 

597 


Subscription,  1057 
Subsulphate  of  iron  solu- 
tion, 561 

of  mercury,  619 
Succi,  238 
Succinic  acid,  684 
Succinum,  684 
Suction  by  syphon,  134 

pumps,  92 
Suet,  prepared,  733 

ulmated,  733 
Sugar,  696 

coating  pills,  318 

of  lead,  600 

of  milk,  698 
Suint,  431,  734 
Sulphate  of  aluminum,  538 

of  ammonium,  495 

of  copper,  590 

of  iron,  exsiccated,  555 
granulated,  554 

of  magnesia,  501 
effervescent,  502 

of  manganese,  530 

of  potash,  453 

of  sodium,  474 

of  zinc,  526 
Sulphates,  tests,  952 
Sulphide    of    ammonium, 
495 

of  mercury,  62 

of   potash.         See   Sul- 
phurated potassa,  436 
Sulphides,  test,  952 
Sulphite  of  sodium,  475 
Sulphites,  test,  952 
Sulphobenzoic  acid,  781 
Sulphocarbolate  of  sodium, 
469 

of  zinc,  525 
Sulphocarbolic  acid,  762 
Sulphocyanates,  test,  963 
Sulphocyanide  acid,  745 
Sulphonal,  676 
Sulphonethylmethane,  677 
Sulphonethylmethanum, 

677 
Sulphonmethane,  676 
Sulphonmethanum,  676 
Sulphorinic  acid,  658 
Sulphotoluene,  781 
Sulphur,  397 

amorphous,  397 

crystalline,  397 

crystals,     manufacture, 
146 

flowers,  397 

iodide,  400 

lotum,  398 

milk,  400 

ointment,  349 

prsecipitatum,  398 

precipitated,  398 

roll,  397 

sublimatum,  398 
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Sulphur,  sublimed,  398 

washed,  398 
Sulphurated  lime,  507 

potassa,  430 
Sulphuric  acid,  419,  422 
aromatic,  423 
contact  method,  422 
diluted,  423 
tests,  952 
Sulphuris  iodidum,  400 
Sulphurous  acid,  424 

tests,  952 
Sumbul,  837 

extract,  289 

fluidextract,  246 
Superheated  steam,  75 
Supernatant  liquid,  139 
Supersaturated     solution, 

121 
Superscription,  1056 
Suppositoria  glycerini,  338 
Suppositories,  334 

by  compressing,  335 

by  fusion,  336 

by  molding,  336 

by  rolling,  336 

of  glycerin,  338 
Suppository  capsules,  339 

machines,  338 

making,  1109 

molds,  336 
Suprarenal   glands,   desic- 
cated, 940 
Suprarenin,  940 
Sweet  almond,  735 

birch  oil,  784 

flag,  838 

orange  peel,  834 
tincture,  223 

spirit  of  nitre,  177,  662 

tincture  of  rhubarb,  235 
Swift  mill,  113 
Sydenham's       laudanum, 

259 
Sylvestrene,  803 
Sylvite,  431 
Symbol,  361 

Symbolic  formula,  26,  361 
Sympathetic  ink,  531 
Synonymes,  24 
Syntonin,  932 
Syphon,  126 

for    separating    immis- 
cible liquids,  137 

principle  of  action,  127 

suction,  134 
Syringe  for  separating  im- 
miscible liquids,  137 
Syrup,  190,  192 

by  agitation,  190 

by  hot  solution,  190 

by  percolation,  190 

cold  process,  190 

Coxe's,  201 

Easton's,  195 


Syrup  of  acacia,  192 
of  almond,  193 
of  altha;a,  193 
of  citric  acid,  193 
of  ether,  659 
of  ferrous  iodide,  552 

manufacture,  1130 
of  garlic,  193 
of  ginger,  202 
of  hydriodic  acid,  415 
of  hypophosphites,  195 
compound,  195 

with  iron,  196 
of  ipecac,  69 
of  krameria,  196 
of  lactucarium,  197 
of  lemon,  193 
of  lime,  507 

manufacture,  1123 
of  morphine,  910 
of  orange,  194 

flowers,  194 
of   phosphates   of   iron, 

quinine,  and    strych- 
nine, 194 
of  rhubarb,  198 
of  rose,  199 
of  rubus,  199 
of  senega,  201 
of  senna,  201 
of  squill,  200 

compound,  200 
of  tar,  197 
of  tolu,  202 
of  wild  cherry,  197 
Syrups,  189 
flavored,  190 
from  fluidextracts,  197 
manufacture,  190 
medicated,  190 
Syrupus,  192 
acacise,  192 
acidi  citrici,  193 

hydriodici,  415 
amygdala?,  193 
aurantii,  194 

florum,  194 
calcis,  507 
ferri  iodidi,  552 

quinina;     et     strych- 
ninse    phosphatum, 
194 
hypophosphitum,  195 

compositus,  195 
ipecacuanhse,  196 
lactucarii,  197 
krameriae,  196 
picis  liquidae,  197 
pruni  virginianse,  197 
quatuor,  910 
rhei,  198 

aromaticus,  198 
rosa;,  199 
rubi,  199 

ida?i,  199 


Syrupus  sarsaparillae  com- 
positus, 200 

scillae,  200 

compositus,  200 

senegse,  201 

sennse,  201 

tolutanus,  202 

zingiberis,  202 
Syrupy    phosphoric    acid, 

427 
Systematic  chemical  anal- 
ysis, 984 

Table  of  elements,  367 
of  official  collodions,  209 
glycerites,  206 
infusions,  212 
pharmaceutical 
liquids,  166 
solids,  166 
pills,  322 
spirits,  176 
syrups,  191 
waters,  167 
of  ointments,  344 
of  plasters,  354 
of  solubility,  119 
Tablespoonful,  32 
Tablet  triturates,  329 
Tablets,  compressed,  325 

hypodermic,  329 
Taenin,  862 
Talc,  502 

purified,  503 
Talcum,  496,  502 

purificatum,  503 
Tamar  Indienne,  313 
Tamarind,  691 
Tamarindus,  691 
Tanacetene,  803 
Tannaspidic  acid,  838 
Tannates,  tests,  965 
Tannic  acid,  790 
ointment,  345 
tests,  965 
troches,  331 
Tannin,  790 

glycerol,  206 
Tannins,  791 
Tar,  847 

Taraxacerin,  860 
Taraxacin,  860 
Taraxacum,  860 
extract,  289 
fluidextract,  250 
"Taring"  dishes,  90 
Tar  glycerol,  847 
oil,  848 
ointment,  348 
syrup,  197 
Tartar  emetic,  582 
Tartaric  acid,  684 

tests,  962 
Tartrate  of  antimony  and 
potassium,  582 
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Tartrate  of  iron  and  am- 
monia, 567 
and  potassium,  567 
of    potassium    and    so- 
dium, 447 
Tartrates,  tests,  962 
Taurin,  673 
Taurocholic  acid,  941 
Tea,  752 
Teacupful,  32 
Temperature,  influence  on 

solution,  120 
Tension  of  vapor,  86 
Tenth-normal         bromine 
V.S.,  1047 
iodine  V.S.,  1001 
oxalic  acid  V.S.,  991 
potassium      dichromate 
V.S.,  1009 
hydroxide  V.S.,  993 
permanganate      V.S., 

1006 
sulphocyanate     V.S. 
1013 
silver  nitrate  V.S.,  1011 
sodium     chloride     V.S., 
1012 
thiosulphate         V.S., 
1002 
sulphuric  acid  V.S.,  991 
Terebene,  806 
Terebenum,  806 
Terebinthina,  845 
canadensis,  847 
Ternary  compound,  368 
Terpeneless    volatile    oils, 

805 
Terpenes,  802 
Terpin  hydrate,  807 
Terpinene,  803 
Terpineol,  807 
Terpini  hydras,  807 
Terpinolene,  803 
Tersulphate  of  iron,  solu- 
tion, 560 
Tertiary  alcohols,  631 
Test     solution,     alcoholic 
iodine,  1046 
mercuric     chloride, 
944 
solutions,  944 
'  tubes,  141 
Testing   by   precipitation, 
139 
pharmaceutical,  944 
the  balance,  37 
thermometers,  1092 
Tests  for  acetates,  961 
for  acetic  acid,  961 
for  aluminum,  970 
for  ammonium,  967 
for  antimony,  976 
for  arsenic,  792 
for  barium,  969 
for  benzoates,  967 


Tests  for  bismuth,  977 
for  borates,  957 
for  boric  acid,  957 
for  bromates,  950 
for  bromic  acid,  950 
for  bromides,  949 
for  butyrates,  961 
for  calcium,  968 
for  carbonates,  959 
for  carbonic  acid,  959 
for  chlorates,  949 
for  chlorides,  946 
for  chromium,  970 
for  citrates,  962 
for  citric  acid,  962 
for  copper,  976 
for  cyanides,  963 
for  ferricyanides,  963 
for  ferrous  salts,  971 
for  fluorides,  951 
for  free  alkali,  983 

bromine,  949 

chlorine,  946 

iodine,  950 
for  gallates,  965 
for  gallic  acid,  765 
for  heavy  metals,  979 
for  hydriodic  acid,  950 
for    hydrobromic    acid, 

949 
for    hydrochloric    acid, 

947 
for    hydrofluoric    acid, 

951 
for  hypochlorites,  949 
for  hypophosphites,  957 
for  iodates,  951 
for  iodic  acid,  951 
for  iodides,  951 
for  iron,  971 
for  lead,  977 
for  lithium,  967 
for  magnesium,  967 
for  manganese,  970 
for  mercurous  salts,  978 
for  mercuric  salts,  978 
for  nitrates,  955 
for  nitric  acid,  955 
for  nitrites,  955 
for  nitrous  acid,  955 
for  non-volatile  impuri- 
ties, 984 
for  oxalates,  961 
for  oxalic  acid,  961 
for  perchlorates,  944 
for     phenolsulphonates, 

964 
for  phosphates,  958 
for  phosphoric  acid,  958 
for    phosphorous    acid, 

958 
for  potassium,  965 
for  pyrophosphates,  959 
for  salicylates,  964 
for  silicates,  960 


Tests  for  silver,  978 
for  sodium,  966 
for  strontium,  968 
for  sulphates,  952 
for  sulphides,  952 
for  sulphites,  952 
for  sulphocyanates,  963 
for  sulphuric  acid,  952 
for  sulphurous  acid,  952 
for  tannate,  965 
for  tannic  acid,  965 
for  tartaric  acid,  962 
for  tartrates,  962 
for  thiosulphates,  955 
for  valerates,  962 
for  zinc,  969 

Tetrads,  368 

Tetragonal  system  of  crys- 
tals, 143 

Tetraiodopyrrol,  753 

Tetramethylthionine     hy- 
drochloride, 768 

Tetraoxymethylanthra- 
quinone,  869 

Tetronal,  677 

Theatrical  cold  cream,  345 

Theobroma  oil,  730 

Theobromine,  749 

Theorem,  Archimedes,  54 

Thermometer  mercury  fila- 
ment, repairing  break, 
80 
self-registering,  80 
testing,  79,  1092 

Thermometers,  Celsius,  77 
Centigrade,  77 
Fahrenheit,  76 
fever,  79 
Reamur,  77 
size  and  shape,  79 

Thermometric        degrees, 
conversion,  77,  78 

Thiocyanic  acid,  745 

Thiophene,  752 

Thioresorcin,  765 

Thiosulphate    of    sodium, 
470 

Thiosulphates,  tests,  955 

Thorn  apple,  924 

Thoroughwort.      See    Eu- 
patorium. 

Thujene,  803 

Thymacetin,  801 

Thyme,  828 
oil,  821 

Thymol,  799 
iodide,  801 

Thymolis  iodidum,  801 

Thyroid  glands,  desiccated, 
940 

Thyroidin,  940 

Tin,  584 

powdering,  117 
salt,  585 

Tin-foil,  584 
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Tin-plate,  784 
Tincal,  459 
Tinctura  aconiti,  221 
aloes,  221 

and  myrrhse,  222 
amicse,  222 
asafoetida,  222 
aurantii  amara,  222 

dulcis,  223 
benzoini,  223 

composita,  223 
calendulae,  224 
cannabis  indicae,  224 
cantharidis,  224 
capsici,  224 
cardamomi,  225 

composita,  225 
cimicifugae,  225 
cinchona  composita,  226 
cinchonse,  225 
cinnamomi,  226 
colchici  seminis,  226 
digitalis,  226 
ferri  chloridi,  227,  557 
galla;,  227 

gambir  composita,  227 
gelsemii,  227 
gentianse  composita,  227 
guaiaci,  228 

ammoniata,  228 
Hydrastis,  228 
hyoscyami,  228 
iodi,  228 

ipecacuanhse  et  opii,  228 
kino,  229 
kramerise,  229 
lactucarii,  229 
lavandulse      composita, 

230 
limonis  corticis,  230 
lobelia?,  231 
moschi,  231 
myrrhse,  231 
nucis  vomicae,  231 
opii,  232 

camphorata,  233 

deodorati,  233 
physostigmatis,  234 
pyrethri,  237 
quassiae,  234 
quillajse,  234 
rhei,  235 

aromatica,  235 

dulcis,  235 
sanguinariae,  235 
saponis  viridis,  274 
scillae,  236 
serpentariae,  236 
stramonii,  236 
strophanthi,  236 
thebaica,  232 
tolutana,  237 
Valerianae,  237 

ammoniata,  237 
vanilla),  237 


Tinctura  veratri,  238 

zingiberis,  238 
Tincturae  herbarum  recen- 

tium,  238 
Tincture  of  aconite,  221 
of  aloes,  221 

and  myrrh,  222 
of  arnica,  222 

flowers,  222 

root,  222 
of  asafetida,  222 
of  benzoin,  223 

compound,  223 
of  bitter  orange  peel,  222 
of  calendula,  224 
of  cantharides,  224 
of  capsicum,  224 
of  cardamom,  225 

compound,  225 
of  catechu,  227 
of  cimicifuga,  225 
of  cinchona,  225 

compound,  226 
of  cinnamon,  226 
of  colchicum  seed,  226 
of  deodorized  opium,  233 
of  digitalis,  226 

fat-free,  227 
of  Dover's  powder,  228 
of  ferric   chloride,   227, 

557 
of    gambir,    compound, 

227 
of  gelsemium,  227 
of   gentian,    compound, 

227 
of  ginger,  238 
of  green  soap,  274 
of  guaiac,  228 

ammoniated,  228 
of  Hydrastis,  228 
of  hyoscyamus,  228 
of  Indian  cannabis,  224 
of  iodine,  228 

colorless,  396 
of  ipecac  and  opium,  228 
of  kino,  229 
of  krameria,  229 
of  lactucarium,  229 
of  lavander,  compound, 

230 
of  lemon  peel,  230 
of  lobelia,  231 
of  musk,  231 
of  myrrh,  231 
of  nutgall,  227 
of  nux  vomica,  231 
of  opium,  232 

camphorated,  233 
of  physostigma,  234 
of  pyrethrum,  234 
of  quassia,  234 
of  quillaja,  234 
of  rhubarb,  235 

aromatic,  235 


Tincture  of  rhubarb,  sweet, 
235 

of  sanguinaria,  235 

of  serpentaria,  236 

of  squill,  236 

of  stramonium,  236 

of  strophanthus,  236 

of  sweet  orange  peel,  223 

of  tolu,  237 

of  valerian,  237 
ammoniated,  237 

of  vanilla,  237 

of  veratrum,  238 

press,  154 
Tinctures,  217 

by  dilution,  219 

by  maceration,  219 

by  percolation,  220 

by  solution,  219 

changes  in  strength  at 
last  pharmacopceial 
revision,  219 

manufacture,  219 

of  fresh  herbs,  238 

strength,  217 
Tinnevelly  senna,  871 
Tinstone,  584 
Titration,  944,  989 
Tobacco,  925 
Tolu,  850 

tincture,  237 
Toluene,  771 

bath,  74 
Torrefaction,  80 

operation,  84 
Torrified  rhubarb,  84,  870 
Torsion  balance,  43 
Toxin,  942 
Tragacanth,  708 

mucilage,  189 
Tragacantha,  708 
Translucent       substances, 

490 
Triads,  367 
Triangles,  82 
Tribasic  phosphate  of  lime. 

See  Precipitated  calcium 

phosphate. 
Tribe  (plant),  25 
Tricarballylic  acid,  688 
Trichloracetic  acid,  673 
Triclinic   system   of   crys- 
tals, 143 
Trimethyl  benzenes,  795 
Trimethylacetic  acid,  687 
Trimethylamine,  648 
Trioxymethylanthraqui- 

none,  869 
Trimethylene,  752 
Tri-nitro-phenol,  762 
Trional,  677 
Trioxybenzoic  acid,  789 
Triphylin,  478 
Triple  pomade,  817 
Tripods,  82 
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Triticum,  706 

fluidextract,  252 
Triturates,  113 

tablet,  329 
Trituratio  elaterini,  305 
Trituration,  114 

of  elaterin,  305 
Triturationes,  305 
Triturations,  305 
Troches,  329 

making,  1108 

manufacture,  330 

of  ammonium   chloridi, 
331 

of  catechu,  332 

of  cubeb,  332 

of       glycyrrhiza       and 
opium,  332 

of  krameria,  332 

of    potassium    chlorate, 
333 
manufacture,  1108 

of  santonin,  333 

of  sodium  bicarbonate, 
333 

of  tannic  acid,  331 
Trochiscation,  117 
Trochisci  acidi  tanuici,  331 

ammonii  chloridi,  331 

cubebae,  332 

gambir,  332 

glycyrrhizae  et  opii,  332 

krameriae,  332 

potassii  chlorates,  333 

santonin,  333 

sodii  bicarbonatis,  333 
Trona,  461 
Tropine,  883 
Troy  weight,  31 
Trypsin,  936 
"T.S.  "  945 
Tuber,  definition,  690 
Tubes,  collapsible,  351 
Tubing,  glass,  98 
Tubular  crystals,  144 
Tubulated  retort,  95 

rubber,  99 
Tully's  powder,  304 
Turkish  geranium  oil,  820 
Turlington's  balsam,  224 
Turpentine,  845 

emulsion,  271 

liniment,  274 

oil,  846 

rectified,  846 
Turpeth  mineral,  619 
Type  metal,  581 


Ulmus,  707 
Uncia,  29,  30 
Unguentum,  344 

acidi  borici,  344 
tannici,  345 

aquse  rosse,  345 


Unguentum     belladonnse, 
345 
camphorse,  341 
chrysarobini,  345 
diachylon,  345,  605 
galla;,  346 

hydrargyri,  346,  609 
ammoniati,  346,  611 
dilutum,  347,  609 
nitratis,  347,  620 
oxidi  flavi,  347 
rubri,  347 
iodi,  347 
iodoformi,  348 
phenolis,  348 
picis  liquidae,  348 
plumbi  carbonatis,  603 
potassii  iodidi,  348,  604 
stramonii,  349 
sulphuris,  349 
veratrinse,  349 
zinci  oxidi,  349 
stearatis,  350 
United  States  Pharmaco- 
poeia, 19-21 
Unslaked  lime,  505 
Upright  condensation,  102 
Ural,  669,  749 
Urea,  749 
Urethane,  748 
Uric  acid,  749 
Urinometer,  50 
Urotropin,  756 
Ursone,  718 

"U.   S.   P.   VIII."        See 
United   States    Pharma- 
copona. 
Uva  ursi,  718 

fluidextract,  248 


Vaccine  virus,  943 
Vacuum  apparatus,  92 

distillation,  104 

pan,  92 
Valence,  363 
Valerate  of  zinc,  527 
Valerates,  tests,  962 
Valerian,  822 

ammoniated      tincture, 
237 

fluidextract,  237 
Valeriana,  822 
Valerianate   of   ammonia, 
494 

of  zinc,  527 
Valerianic  acid,  687 
Valeric  acid.      See  Valeri- 
anic acid. 
Valerius  Cordus,  18 
Vallet's  mass,  311,  550 
Valuation  of  heat,  75 
Vanilla,  788 

beans,  cutting  of,  110 

essence,  237 


Vanilla  tincture,  237 
Vanillin,  787 
Vanillinum,  787 
Vapor  stove,  69 

tension,  86 
Vaporization,  81 

theory  of,  84 
Varek,  395 
Vaseline,  638 
Vegetable   cathartic  pills, 

323 
Vehicle,  1057 
Venice  turpentine,  847 
Veratrina,  903 
Veratrine,  903 

ointment,  349 

oleate,  211 
Veratrum,  921 

album,  921 

fluidextract,  246 

tincture,  238 

viride,  921 
Verdigris,  59 
Vibumin,  823 
Viburnum,  opulus,  843 
fluidextract,  247 

pnmifolium,  823 
fluidextract,  247 
Villosin,  792 
Vinasse,  431 
Vinegar,  671 

of  squill,  263 

of  opium,  263 
Vinegars,  263 
Vinum  album,  650 

antimonii,  256 

cocse,  257 

colchici  radicis,  258 
seminis,  257 

ergotse,  258 

ferri,  258 

amarum,  258 

ipecacuanhae,  259 

opii,  259 

rubrum,  651 

snake  root,  839 
Vis  vitse  theory,  626 
Vitellin,  932,  939 
Vitellus,  939 
Vitriol,  blue,  590 
Vitriols,  553 
Volatile  filtration,  132 

liniment,  272 

oil  of  mustard,  745 

oils,  method  of  extrac- 
tion, 816 
Volumetric  analysis,  944, 
986 

assays.    See  Assay.- 

solution,  944 

alkaline    cupric    tar- 
trate, 1048 
centinormal,  987 
decinormal,  987 
normal  H^SO.,  990 
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Volumetric  solution,  nHCl, 
992 

nKOH,  993 

nKaOH,  995 

2nNaOH,  995 

inHCl,  992 

inH^SO^,  990 

iKOH,  alcoholic,  994 

yVnAgNOj,  1011 

y'jyn  bromine,  1047 

T^i^nH^SO,,  991 

yVnl,  1001 

T^nKjCr^O,,  1009 

T^nKMnO,,  1006 

yignKOH,  993 

T^nNaCl,  1012 

^(jH  oxalic  acid,  991 

y\jn  thiosulphate,  1002 

Tji^n  H2SO4,  991 

^jnKOH,  994 

T^^nKOH,  994 

normal,  987 
V.S.,  989 


Wafer  papers,  306 
Wahoo  bark,  862 
Washed  sulphur,  398 
Washing,  124 

continuous,  125 

gases,  123 

soda,  463 
Water,  383 

anise,  171 

as  a  solvent,  118 

bath,  74 

bitter  almond,  171 

camphor,  172 

chlorine,  172,  391 

chloroform,  173 

cinnamon,  173 

creosote,  173 

distilled,  173,  384 

fennel,  173 

flass,  474 
amamelis,  173 

lead,  186 

lime,  506 

of  ammonia,  484 

of  constitution,  147 

of  crystallization,  146 
calculations,  378 
estimation,  147 
in  chemical  formulae, 
147 

orange  flower,  171 

peppermint,  174 

purification,  385 

rose,  175 

sihing,  116 

spearmint,  174 

testing,  384 
Waters,  167,  171 

aromatic,  169 

by  distillation,  168 


Waters  by  dilution,  167 

by     filtration     through 
absorbent    powder, 
168 
through  cotton,  169 

by  gaseous  solution,  167 

by  hot  solution,  169 

by  simple  solution,  167 

manufacture,  167 

table,  167 
Wax,  Chinese,  741 

Japanese,  742 

specific  gravity  estima- 
tion, 1097 

taking  specific  gravity, 
54 

white,  741 

yellow,  740 
Waxes,  724,  739 
Wedgewood  mortar,  clean- 
ing, 114 
Weight,  28 
Weights,  material,  44 

shape,  44 
Weldon's  process,  389 
Well  tube  percolator,  162 
Westphal  balance,  51 
Whey,  678 
Whisky,  179,  652 
Whitall   Tatum's  supposi- 
tory machine,  338 
White  arsenic,  572 

hellebore,  921 

lead,  602 

mustard,  747 

oak,  793 

precipitate,  610 
ointment,  347 

vitriol,  526 

wax,  741 

wine,  650 
Whiting,  510 
Wild  cherry,  778 

fluidextract,  253 
infusion,  215 
syrup, 197 
AVine  of  antimony,  257 

of  coca,  257 

of  cOlchicum  root,  258 
seed,  257 

of  ergot,  258 

of  ipecac,  259 

of  iron,  258 
bitter,  258 

of  opium,  259 

red,  651 

white,  650 
Wineglassful,  32 
Wines,  256 

manufacture,  256 
Wintergreen  essence,  179 

oil,  784 
Winterstained  lard  oil,  731 
Wire  gauze,  action  under 

heat,  73 


Wistar's   throat   lozenges, 

332 
Witch  hazel  bark,  792 
distilled  extract,  174 
leaves,  793 

powder,  736 
Witherite,  516 
Wood,  702 

alcohol,  645 

as  a  solvent,  118 

as  fuel,  68 

paper,  702 

spirit,  645 

vinegar,  671 
Woods,  definition,  690 
Wood's  metal,  591 
Wool-fat,  733 

hydrous,  734 
Worm  candy,  333 

condenser,  97 
Wormseed,  American,  819 

levant,  859 
Wrapping   packages,  297- 

299 
Wrought  iron,  544 


Xanthoxylin,  839 
Xanthoxylum,  839 
fluidextract,  240 
Xylols,  795 


Yard,  29 

Yellow  hydrastine,  905 
jasmin,  918 
mercuric  oxide,  617 
manufacture,  1135 
subsulphate,  619 
mercurous  iodide,  616 
phosphorus,  403 
prussiate  of   potassium. 
See   Potassium   ferro- 
cyanide. 
wash,  606 
wax,  740 
Yerba  santa,  840 
Yolk  of  egg,  939 


Zero  reading  on  balance, 

41 
Zest  (of  orange),  834 
Zinc,  518 

acetate,  520 

blend,  517 

bromide,  521 

carbonate,  precipitated, 
521 

chloride,  522 
solution,  523 

iodide,  523 

oleate,  212,  524 

oxide,  523 

phenol  sulphonate,  525 
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Zinc  phosphide,  524 
salve,  349 
stearate,  525 

ointment,  350 
sulphate,  526 
sulphocarbolate,  525 
valerate,  527 
valerianate,  527 
tests,  969 


Zinci  acetas,  520 
bromidum,  521 
carbonas     praecipitatus, 

521 
chloridum,  522 
iodidum,  523 
oxidi,  523 
phenolsulphonas,  525 


Zinci  phosphidum,  524 

stearas,  525 

sulphas,  526 

valeras,  527 

valerianas,  527 
Zincum,  518 
Zingiber,  838 
Zingiberene,  805 
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Bonney  on  Tuberculosis 


Tuberculosis.  By  Sherman  G.  Bonney,  M.  D.,  Professor  of 
Medicine,  Denver  and  Gross  College  of  Medicine,  Denver.  Octavo 
of  778  pages,  with  189  original  illustrations.     Cloth,  ;^7.oo  net. 

RECENTLY     ISSUED 

Dr.  Bonney' s  work  embodies  the  results  of  wide  personal  experience  in  ob- 
serving and  treating  tuberculous  patients,  especially  those  suffering  from  the 
pulmonary  form.  His  book  is  a  thorough  and  complete  treatise  of  the  entire  sub- 
ject of  tuberculosis,  taking  up  every  region  of  the  body  and  every  secondary 
involvement  that  can  occur.  The  section  on  Physical  Signs  of  Pulmonary 
Tuberculosis  is  really  a  complete  monograph  on  the  physical  diagnosis  of  diseases 
of  the  chest.  As  is  to  be  expected,  treatment  is  particularly  full  and  practical. 
There  are  chapters  on  prophylaxis  ;  open-air  treatment,  fully  illustrated  ;  diet  ; 
sanitarium  and  climatic  treatments  ;  therapeutic  measures  to  alleviate  distress- 
ing symptoms  ;  and  drug  and  vaccine  therapeutics.  There  are  nearly  two  hun- 
dred original  pictures,  including  twenty  in  colors  and  sixty  x-ray  photographs. 

Mturyland  Medical  Journal 

"  Dr.  Bonney's  book  is  one  of  the  best  and  most  exact  works  on  tuberculosis,  in  all  its 
aspects,  that  has  yet  been  published." 
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Manual  of  Clinical  Diagnosis.  By  James  Campbell  Todd, 
M.  D.,  Associate  Professor  of  Pathology  in  the  Denver  and  Gross 
College  of  Medicine,  Denver.  i2mo  of  319  pages,  fully  illustrated. 
Flexible  leather,  ^2,00  net. 

This  new  manual  presents  those  important  laboratory  methods  that  have 
proved  of  actual  clinical  value,  together  with  a  clear  interpretation  of  results. 
Designed  for  the  practitioner  and  student,  it  is  extremely  practical,  the  methods 
selected  being  those  which  require  the  least  complicated  apparatus  and  the 
least  expenditure  of  time,  so  that,  with  this  volume,  the  practitioner  will  be 
enabled  to  examine  his  clinical  material  in  his  own  laboratory.  Practically  all  the 
microscopic  structures  mentioned,  all  unusual  apparatus,  and  many  of  the  color 
reactions  are  shown  in  the  pictures. 

The  Medical  World 

"  The  methods  are  practical,  and  the  required  apparatus  is  simple  and  uncomplicated. 
We  commend  it  to  every  doctor  as  a  valuable  aid  in  exactness  in   diagnosis." 
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A  Text-Book  of  the  Practice  of  Medicine.  By  James  M.  Anders, 
M.  D.,  Ph.  D.,  LL.  D.,  Professor  of  the  Practice  of  Medicine  and  of 
Clinical  Medicine,  Medico-Chirurgical  College,  Philadelphia.  Hand- 
some octavo,  1 3 17  pages,  fully  illustrated.  Cloth,  ^5.50  net;  Sheep 
or  Half  Morocco,  $'j.oo  net. 

THE    NEW   (8th)    EDITION 

The  success  of  this  work  is  no  doubt  due  to  the  extensive  consideration  given 
to  Diagnosis  and  Treatment,  under  Differential  Diagnosis  the  points  of  distinction 
of  simulating  diseases  being  presented  in  tabular  form.  Among  the  new  subjects 
added  are  Parasitic  Infusoria,  Febrile  Tropical  Splenomegaly,  Aplastic  Anemia, 
.r-Rays  in  Leukemia,  Polycythemia  with  Splenic  Tumors,  Stokes-Adams'  Disease, 
Sahli's  Desmond  Test,  Intestinal  Auto-intoxication,  and  Senile  Dementia. 

Wm.  E.  Quine.  M.  D., 

Professor  of  Medicine  and  Clinical  Medicine,  College  of  Physicians  and  Surgeons,  Chicago. 
"  I  consider  Anders'  Practice  one  of  the  best  single-volume  works  before  the  profession  at 
this  time,  and  one  of  the  best  text-books  for  medical  students." 


DaCosta's  Physical  Diagnosis 

Physical  Diagnosis.  By  John  C.  DaCosta,  Jr.,  M.  D.,  Associate 
in  Clinical  Medicine,  Jefferson  Medical  College,  Philadelphia.  Octavo 
of  557  pages,  with  212  original  illustrations.     Cloth,  ;^3.50  net. 

JUST    READY 

Dr.  DaCosta' s  work  is  a  thoroughly  new  and  original  one.  Every  method 
given  has  been  carefully  tested  and  proved  of  value  by  the  author  himself. 
Normal  physical  signs  are  explained  in  detail  in  order  to  aid  the  diagnostician  in 
determining  the  abnormal.  Both  direct  and  differential  diagnosis  are  emphasized. 
The  cardinal  methods  of  examination  are  supplemented  by  full  descriptions  of 
technic  and  the  clinical  utility  of  certain  instrumental  means  of  research. 
Dr.  Henry  L.  EUner,  Professor  of  Medicine  at  Syracuse  University. 

■'  I  have  reviewed  this  book,  and  am  thoroughly  convinced  that  it  is  one  of  the  best  ever 
written  on  this  subject.     In  every  way  I  find  it  a  superior  production." 


SAUNDERS'    BOOKS   ON 


Tousey*s 

Medical  dectricity  and  X-Rays 

Medical  Electricity  and  the  X-Rays.  By  Sinclair  Tousey,  M.  D., 
Surgeon  to  St.  Bartholomew's  Hospital,  New  York.  Octavo  volume 
of  looo  pages,  with  400  original  illustrations,  30  in  colors. 

READY    SOON-FOR    THE    PRACTITIONER 

This  new  work  by  such  an  eminent  authority  is  destined  to  take  a  leading 
place  among  books  on  this  subject.  Written  primarily  for  the  general  prac- 
titioner, it  gives  him  just  the  information  he  wishes  to  have  regarding  the  use  of 
medical  electricity,  the  therapeutic  results  obtained,  etc.  At  the  same  time  it 
tells  the  specialist  how  the  most  eminent  electrotherapeutists  are  securing  results, 
the  latest  authorities  in  every  country  having  been  consulted  for  details  of  prac- 
tical value.  The  work  gives  explicit  directions  for  the  care  and  regulation  of 
static  machines,  .r-ray  tubes,  and  all  apparatus.  Recognizing  that  the  production 
of  a  good  radiograph  every  time,  without  risk  to  patient  or  apparatus,  is  of  the 
utmost  importance,  the  author  tells  how  to  make  x-ray  pictures  by  a  practical 
technic  easily  followed,  even  though  the  operator  be  inexperienced  in  this  field. 
The  book  includes  a  full  detailed  description  of  the  author's  valuable  improve- 
ment on  the  cylinder-diaphragm  universally  used  in  radiography.  Dental  radi- 
ography the  author  has  made  his  own.      X-ray  dosage  is  fully  considered. 

McKenzie  on  Exercise  in 
Education    and    Medicine 

Exercise  in  Education  and  Medicine.  By  R.  Tait  McKenzie,  B.  A., 
M.  D.,  Professor  of  Physical  Education  and  Director  of  the  Department, 
University  of  Pennsylvania.  Octavo  of  393  pages,  with  346  original 
illustrations. 

JUST     READY 

This  work  is  a  full  and  detailed  treatise  on  the  application  of  systematized 
exercise  in  the  development  of  the  normal  body  and  in  the  correction  of  certain 
diseased  conditions  in  which  gymnastics  have  proved  of  value.  The  first  part  of 
the  book  reviews  in  a  thorough  manner  just  what  has  been  accomplished  in  the 
development  of  this  important  field.  The  second  part  of  the  book  deals  with  the 
actual  application  of  the  exercises  in  the  correction  and  cure  of  certain  diseases 
and  malformations. 
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THE    BEST  /\  III  6  ri  C  Si  n  STANDARD 

Illustrated  Dictionary 

The    New  (4th)   Edition 


The  American  Illustrated  Medical  Dictionary.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medicine,  Surgery,  Dentistry, 
Pharmacy,  Chemistry,  and  kindred  branches ;  with  over  100  new  and 
elaborate  tables  and  many  handsome  illustrations.  By  W.  A.  Newman 
Borland,  M.  D.,  Editor  of  "  The  American  Pocket  Medical  Diction- 
ary." Large  octavo  of  840  pages,  bound  in  full  flexible  leather. 
Price,  $^.^0  net;  with  thumb  index,  $5.00  net. 

WITH  2000  NEW  TERMS 

The  immediate  success  of  this  work  is  due  to  the  special  features  that  distin- 
guish it  from  other  books  of  its  kind.  It  gives  a  maximum  of  matter  in  a  mini- 
mum space  and  at  the  lowest  possible  cost.  Though  it  is  practically  unabridged, 
yet  by  the  use  of  thin  bible  paper  and  flexible  morocco  binding  it  is  only  i  ^ 
inches  thick.  In  this  new  edition  the  book  has  been  thoroughly  revised,  and 
upward  of  two  thousand  new  terms  have  been  added. 
Howard  A.  Kelly,  M.  D.,    Professor  of  Gynecology,  Johns  Hopkins  University,  Baltimore. 

"Dr.  Borland's  dictionary  is  admirable.     It  is  so  well  gotten  up  and  of  such  convenient 
size.    No  errors  have  been  found  in  my  use  of  it." 


Goepp*s 
State  Board  Questions 

5tate  Board  Questions  and  Answers.  By  R.  Max  Goepp,  M.  D., 
Professor  of  Clinical  Medicine,  Philadelphia  Polyclinic.  Octavo  of 
684  pages.  Cloth,  ;^4.oo  net;  Half  Morocco,  $5.50  net. 

FOR     PRACTITIONERS     AND     STUDENTS 

Dr.  Goepp  has  taken  great  pams  to  collect  the  many  questions  asked  in  the 
past  by  Boards  of  the  various  States,  and  has  arranged  and  classified  them  under 
subjects  in  such  a  manner  that  the  prospective  appUcant  can  acquire  the  knowl- 
edge on  any  branch  with  the  least  difficuhy. 

Pennsylvania  Medical  Journal 

"  Nothing  has  been  printed  which  is  so  admirably  adapted  as  a  guide  and  self-quiz  for  those 
intending  to  take  State  Board  Examinations." 


SAUNDERS'  BOOKS  ON 


Sahli*s  Diagnostic  Methods 

Editors:  Francis  P. Kinnicatt,  M.D,,  and  Nath'IBowditch Potter, M.D. 


A  Treatise  on  Diagnostic  Methods  of  Examination.  By  Prof. 
Dr.  H.  Sahli,  of  Bern,  Edited,  with  additions,  by  Francis  P.  Kinni- 
CUTT,  M.  D.,  Professor  of  Clinical  Medicine,  Columbia  University,  N.  Y. ; 
and  Natk'l  Bowditch  Potter,  M.  D.,  Visiting  Physician  to  the  City 
and  French  Hospitals,  N.  Y.  Octavo  of  1008  pages,  profusely  illustrated. 
Cloth,  ;^6.50  net;  Half  Morocco,  $8.00  net. 

ILLUSTRATED 

Dr.  Sahli's  great  work,  upon  its  publication  in  German,  was  immediately 
recognized  as  the  most  important  work  in  its  field.  Not  only  are  all  methods 
of  examination  for  the  purpose  of  diagnosis  exhaustively  considered,  but  the  ex- 
planation of  clinical  phenomena  is  given  and  discussed  from  physiologic  as  well 
as  pathologic  points  of  view.  In  the  chemical  examination  methods  are  described 
so  exactly  that  it  is  possible  for  the  clinician  to  work  according  to  these  directions. 

Lewellys  T.  Barker,  M.  D. 

Professor  of  the  Principles  and  Practice  of  Medicine,  Johns  Hopkins  University 
"  I  am  delighted  with  it,  and  it  will  be  a  pleasure  to  recommend  it  to  our  students  in  the 
Johns  Hopkins  Medical  School." 


Friedenwald  and  Ruhrah 
on  Diet 


Diet  in  Health  and  Disease.  By  Julius  Friedenwald,  M.  D., 
Professor  of  Diseases  of  the  Stomach,  and  John  Ruhrah,  M.  D.,  Pro- 
fessor of  Diseases  of  Children,  College  of  Physicians  and  Surgeons, 
Baltimore.     Octavo  of  764  pages.     Cloth,  ;^4.oo  net. 

JUST    ISSUED— THE    NEW    (3d)    EDITION 

This  new  edition  has  been  carefully  revised,  making  it  still  more  useful  than  the  two 
editions  previously  exhausted.  The  articles  on  milk  and  alcohol  have  been  rewritten,  additions 
made  to  those  on  tuberculosis,  the  salt-free  diet,  and  rectal  feeding,  and  several  tables  added, 
including  Winton's,  showing  the  composition  of  diabetic  foods. 

Georffe  Dock.  M.  D. 

Professor  of  Theory  and  Practice  and  of  Clinical  Medicine,    Tulane    University. 
"  It  seems  to  me  that  you  have  prepared  the  most  valuable  work  of  the  kind  now  available. 
I  am  especially  glad  to  see  the  long  list  of  analyses  of  different  kinds  of  foods." 
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Rolleston  on  the  Liver 


Diseases   of    the   Liver,   Gall-bladder,   and   Bile-ducts.     By   H. 

D.  Rolleston,  M.  D.  (Cantab),  F.  R.  C.  P.,  Physician  to  St.  George's 
Hospital,  London,  England.  Octavo  volume  of  794  pages,  fully  illus- 
trated, including  a  number  in  colors.     Cloth,  ^6.00  net. 

INCLUDING    GALL-BLADDER    AND    BILE-DUCTS 

This  work  covers  the  entire  field  of  diseases  of  the  liver,  and  is  the  most 
voluminous  work  on  this  subject  in  English.  Dr.  Rolleston  has  for  many  years 
past  devoted  his  time  exclusively  to  diseases  of  the  digestive  organs,  and  any- 
thing from  his  pen,  therefore,  is  authoritative  and  practical.  Special  attention  is 
given  to  pathology  and  treatment,  the  former  being  profusely  illustrated. 

Medical  Record,  New  York 

"  The  most  extensive  treatise  on  diseases  of  the  liver  yet  published  in  English.  ...  It  re- 
flects an  unusual  degree  of  experience  in  a  difficult  but  highly  important  branch  of  study." 


Boston's 
Clinical  Diagnosis 

Clinical  Diagnosis.  By  L.  Napoleon  Boston,  M.D.,  Adjunct 
Professor  of  Medicine  and  Director  of  the  Clinical  Laboratories,  Med- 
ico-Chirurgical  College,  Philadelphia.  Octavo  of  563  pages,  with  330 
illustrations,  many  in  colors.     Cloth,  ;^4,oo  net. 

THE  NEW  (2d)  EDITION,  ENLARGED 
TWO    EDITIONS    IN    ONE   YEAR 

Dr.  Boston  here  presents  a  practical  manual  of  the  clinical  and  laboratory 
examinations  which  furnish  a  guide  to  correct  diagnosis,  giving  only  such  methods, 
however,  which  can  be  carried  out  by  the  busy  practitioner  in  his  office  as  well 
as  by  the  student  in  the  laboratory.  In  this  new  second  edition  the  entire  work 
has  been  carefully  and  thoroughly  revised,  incorporating  all  the  newest  advances. 

Boston  Medicftl  and  Surgical  Journal 

"  He  has  produced  a  book  which  may  be  regarded  eminently  as  a  practical  and  serric*. 
able  guide.  .  .  .  The  illustrations  are  both  numerous  and  good." 


SAUNDERS'    BOOKS   ON 


AMERICAN  EDITION 


NOTHNAGEL'S  PRACTICE 

UNDER   THE   EDITORIAL  SUPERVISION    OF 

ALFRED   STENGEL.  M.D. 

Professor  of  Clinical  Medicine  in  the  University  of  Pennsylvania;  Visiting 
Physician  to  the  Pennsylvania  Hospital. 


It  is  universally  acknowledged  that  the  Germans  lead  the  world  in  Internal  Medicine  ;  and 
of  all  the  German  works  on  this  subject,  Nothnagel's  "  Specielle  Pathologie  und  Therapie  " 
is  conceded  by  scholars  to  be  without  question  the  best  Practice 
of  Medicine  in  existence.  So  necessary  is  this  book  in  the  study 
of  Internal  Medicine  that  it  comes  largely  to  this  country  in  the 
original  German.  In  view  of  these  facts,  Messrs.  W.  B.  Saunders 
Company  arranged  with  the  publishers  of  the  German  edition  to 


BEST  IN 
EXISTENCE 


issue  an  authorized  American  edition  of  this  great  Practice  of  Medicine. 

The  work  has  been  issued  in  twelve,  volumes,  and  those  subjects  selected  that  are  of  the 
greatest  importance  to  the  physician  engaged  in  general  practice. 
In  fact,  these  volumes  contain  the  real  essence  of  the  entire 
work,  so  that  the  purchaser  obtains  at  less  than  half  the  cost 
the  cream  of  the  original.  This  work  is  a  Practice  of  Medicine 
for  the  General  Practitioner. 


FOR    THE 
PRACTITIONER 


PROMINENT 
SPECIALISTS 


The  work  has  been  translated  by  men  possessing  thorough  knowledge  of  both  English  and 
German,  and  each  volume  has  been  edited  by  a  prominent  specialist.  It  has  thus  been  brought 
thoroughly  up  to  date,  and  the  American  edition  is  more  than  a  mere  translation  ;  for,  in  addi- 
tion to  the  matter  contained  in  the  original,  it  represents  the  very 
latest  views  of  the  leading  American  and  English  specialists  in  the 
various  departments  of  Internal  Medicine.  Moreover,  as  each 
volume  has  been  revised  to  the  date  of  its  publication  by  the 
eminent  editor,  the  objection  that  has  heretofore  existed  to  treatises 
published  in  a  number  of  volumes  has  been  obviated,  since  the  subscriber  receives  the  com- 
pleted work  while  the  earlier  volumes  are  still  fresh.  The  American  publication  of  the  entire 
work  is  under  the  editorial  supervision  of  Dr.  Alfred  Stengel,  who  has  selected  the  subjects 
for  the  American  Edition,  and  has  chosen  the  editors  of  the  different  volumes. 

The  usual  method  of  pubhshers  when  issuing  a  publication  of 
this  kind  has  been  to  require  physicians  to  take  the  entire  work. 
This  seems  to  us  in  many  cases  to  be  undesirable.  Therefore,  in 
purchasing  this  Practice  physicians  are  given  the  opportunity  of 
subscribing  for  it  in  entirety  ;  but  any  single  volume  or  any  num- 
ber of  volumes,  each  complete  in  itself,  may  be  obtained  by  those  who  do  not  desire  the  com- 
plete series.  This  latter  method  offers  to  the  purchaser  many  advantages  which  will  be 
appreciated  by  those  who  do  not  care  to  subscribe  for  the  entire  work.     Subscription. 

SEE  NEXT  TWO  PAGES  FOR  LIST 


VOLUMES    SOLD 
SEPARATELY 
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AMERICAN   EDITION 

NOTHNAGEL'S  PRACTICE 

Per  volume :  Cloth.  (5.00  net 
WORK    NOW    COMPLETE  Half  Morocco,  J6.00  net 

Typhoid  and  Typhus  Fevers 

By  Dr.  H.  Curschmann,  of  Leipsic.  The  entire  volume  edited,  with 
additions,  by  William  Osler,  M.  D.,  F.  R.  C.  P.,  Regius  Professor  of  Med- 
icine, Oxford  University,  Oxford,  England.  Octavo  volume  of  646  pages, 
fully  illustrated. 

Smallpox  (including  Vaccination),  Varicella,  Cholera  Asiatica, 
Cholera  Nostras,  Erysipelas,  Erysipeloid,  Pertussis,  and 
Hay  Fever 

By  Dr.  H.  Immermann,  of  Basle  ;  Dr.  Th.  von  JUrgensen,  of  Tubingen  ; 
Dr.  C.  Liebermeister,  of  Tubingen  ;  Dr.  H.  Lenhartz,  of  Hamburg ; 
and  Dr.  G.  Sticker,  of  Giessen.  The  entire  volume  edited,  with  additions, 
by  Sir  J.  W.  Moore,  M.D.,  F.  R.  C.  P.  I.,  Professor  of  Practice,  Royal  Col- 
lege of  Surgeons,  Ireland.     Octavo,  682  pages,  illustrated. 

Diphtheria,  Measles,  Scarlet  Fever,  and  Rotheln 

By  William  P.  Northrup,  M.  D.,  of  New  York,  and  Dr.  Th.  von  Jur- 
GENSEN,  of  Tubingen.  The  entire  volume  edited,  with  additions,  by  William 
P.  Northrup,  M.  D.,  Professor  of  Pediatrics,  University  and  Bellevue  Hos- 
pital Medical  College,  New  York.  Octavo,  672  pages,  illustrated,  including 
24  full-page  plates,  3  in  colors. 

Diseases  of  the  Bronchi,  Diseases  of  the  Pleura,  and  Inflam- 
mations of  the  Lunges 

By  Dr.  F.  A.  Hoffmann,  of  Leipsic  ;  Dr.  O.  Rosenbach,  of  Berlin  ;  and 
Dr.  F.  Aufrecht,  of  Magdeburg.  The  entire  volume  edited,  with  additions, 
by  John  H.  Musser,  M.  D.,  Professor  of  Clinical  Medicine,  University  of 
Pennsylvania.  Octavo,  1029  pages,  illustrated,  including  7  full-page  colored 
lithographic  plates. 

Diseases  of  the  Pancreas,  Suprarenals,  and  Liver 

By  Dr.  L.  Oser,  of  Vienna  ;  Dr.  E.  Neusser,  of  Vienna,  and  Drs.  H. 
Quincke  and  G.  Hoppe-Sevler,  of  Kiel.  The  entire  volume  edited,  with 
additions,  by  Reginald  H.  Fritz,  A.  M.,  M.  D.,  Hersey  Professor  of  the 
Theory  and  Practice  of  Physic,  Harvard  University  ;  and  Frederick  A. 
Packard,  M.  D.,  Late  Physician  to  the  Pennsylvania  and  Children's  Hos- 
pitals.    Octavo  of  918  pages,  illustrated. 

Diseases  of  the  Stomach 

By  Dr.  F.  Riegel,  of  Giessen.  Edited,  with  additions,  by  Charles  G. 
Stockton,  M.  D.,  Professor  of  Medicine,  University  of  Buffalo.  Octavo  of 
835  pages,  with  29  text-cuts  and  6  full-page  plates. 

Diseases  of  the  Intestines  and  Peritoneum  Second  Edition 

By  Dr.  Hermann  Nothnagel,  of  Vienna.  The  entire  volume  edited,  with 
additions,  by  H.  D.  Rolleston,  M.  D.,  F.  R.  C.  P.,  Physician  to  St.  George's 
Hospital,  London.     Octavo  of  1 100  pages,  finely  illustrated. 
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Per  volume  :  Cloth,  $5.00  net 
WORK    NOW    COMPLETE  Half  Morocco,  $6.00  net 

Tuberculosis  and  Acute  General  MUiary  Tuberculosis 

By  Dr.  G.  Cornet,  of  Berlin.  Edited,  with  additions,  by  Walter  B. 
James,  M.  D.,  Professor  of  the  Practice  of  Medicine,  Columbia  University, 
New  York.     Octavo  of  806  pages. 

Diseases  of  the  Blood   {Anemia,  chlorosis,  Leukemia,  and  Pseudoleukemia) 

By  Dr.  P.  Ehrlich,  of  Frankfort-on-the-Main  ;  Dr.  A.  Lazarus,  of  Char- 
lottenburg ;  Dr.  K.  von  Noorden,  of  Frankfort-on-the-Main  ;  and  Dr. 
Felix  Pinkus,  of  Berlin.  The  entire  volume  edited,  with  additions,  by  Alfred 
Stengel,  M.  D.,  Professor  of  Clinical  Medicine,  University  of  Pennsylvania. 
Octavo  of  714  pages,  with  text-cuts  and  13  full-page  plates,  5  in  colors. 

Malarial  Diseases,  Influenza,  and  Deng^ue 

By  Dr.  J.  Mannaberg,  of  Vienna,  and  Dr.  O.  Leichtenstern,  of  Cologne. 
The  entire  volume  edited,  with  additions,  by  Ronald  Ross,  F.  R.  C.  S.  (Eng.), 
F.  R.  S. ,  Professor  of  Tropical  Medicine,  University  of  Liverpool  ;  J.  W.  W, 
Stephens,  M.  D.,  D.  P.  H.,  Walter  Myers  Lecturer  on  Tropical  Medicine, 
University  of  Liverpool  ;  and  Albert  S.  Grunbaum,  F.  R.  C.  P. ,  Professor 
of  Experimental  Medicine,  University  of  Liverpool.  Octavo  of  769  pages, 
illustrated. 

Diseases  of  Kidneys  and  Spleen,  and  Hemorrhagic  Diatheses 

By  Dr.  H.  Senator,  of  Beriin,  and  Dr.  M.  Litten,  of  Berlin.  The  entire 
volume  edited,  with  additions,  by  James  B.  Herrick,  M.  D.,  Professor  of  the 
Practice  of  Medicine,  Rush  Medical  College.     Octiivo  of  8 1 5  pages,  illust. 

Diseases  of  the  Heart 

By  Prof.  Dr.  Th.  von  Jurgensen,  of  Tubingen  ;  Prof.  Dr.  L.  Krehl, 
of  Greifswald  ;  and  Prof.  Dr.  L.  von  Schrotter,  of  Vienna.  The  entire 
volume  edited,  with  additions,  by  George  Dock,  M.  D.,  Professor  of  Theory 
and  Practice  of  Medicine  and  Clinical  Medicine,  Tulane  University  of 
Louisiana.     Octavo  of  848  pages,  fully  illustrated. 


SOME  PRESS  OPINIONS 


London  Lancet  {Typhoid volume) 

"  We  welcome  the  translation  into  English  of  this  excellent  practice  of  medicine.  The 
first  volume  contains  a  vast  amount  of  useful  information,  and  the  forthcoming  volumes  are 
awaited  with  interest." 

Journal  American  Medical  Association  (  Tuberculosis  volume) 

"We  know  of  no  single  treatise  covering  the  subject  so  thoroughly  in  all  its  aspects  as 
this  great  German  work.  ...  It  is  one  of  the  most  exhaustive,  practical,  and  satisfactory 
works  on  the  subject  of  tuberculosis." 

Medical  News.  New  York  {Liver  volume) 

"  Leaves  nothing  to  be  desired  in  the  way  of  completeness  of  information,  orderly  arrange- 
ment of  the  text,  thoroughgoing  up-to-dateness,  handiness  for  reference,  and  exhaustive  dis- 
cussion of  the  subjects  treated." 

EACH  VOLUME  IS  COMPLETE  IN  ITSELF  AND  IS  SOLD  SEPARATELY 
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Stevens* 
Modern    Therapeutics 


A  Text-Book  of  Modern  Materia  Medica  and  Therapeutics.     By 

A.  A.  Stevens,  A.  M.,  M.  D.,  Lecturer  on  Physical  Diagnosis  in  the 
University  of  Pennsylvania.     Octavo  of  670  pages.     Cloth,  ^3.50  net. 

THE      NEW    (4th)     EDITION 
Adapted  to  the  New  ( 1905)  Pharmacopeia 

Dr.  Stevens,  by  his  extensive  teaching  experience,  has  acquired  a  clear, 
concise  diction  that  adds  greatly  to  his  work's  pre-eminence.  In  this  edition 
new  articles  have  been  added  on  Scopolamin,  Ethyl  Chlorid,  Theocin,  Veronal, 
and  Radium,  besides  much  new  matter  to  the  section  on  Radiotherapy.  The 
numerous  changes  in  name  or  strength  of  various  drugs  and  preparations,  as 
called  for  by  the  new  Pharmacopeia,  have  also  been  made.  The  work  includes 
the  following  sections  :  Physiologic  Action  of  Drugs  ;  Drugs  ;  Remedial  Measures 
other  than  Drugs  ;  Applied  Therapeutics  ;  Incompatibility  in  Prescriptions  ;  Table 
of  Doses ;  Index  of  Drugs  ;  and  Index  of  Diseases  ;  the  treatment  being  eluci- 
dated by  more  than  two  hundred  formulae. 

University  Medical  Ma|(azine 

"  The  author  has  faithfully  presented  modem  therapeutics  in  a  comprehensive  work    .   .   . 
and  it  will  be  found  a  reliable  guide  and  sufficiently  comprehensive." 


Camac*s 

E^poch-Making  Contributions 

Epoch-Making  Contributions  in  Medicine  and  Surgery.  Col- 
lected and  arranged  by  C.  N.  B.  Camac,  M.  D.,  of  New  York  City. 
Octavo  of  450  pages,  illustrated.     Artistically  bound,  $4.00  net. 

RECENTLY     ISSUED 

Dr.  Camac  has  collected  some  of  the  most  important  epochal  articles  in 
medicine  and  surgery — articles  that  record  masterpieces  of  scientific  research — and 
has  presented  them  in  the  original,  together  with  a  portrait  and  a  brief  biographic 
sketch  of  the  discoverer.  The  articles  included  are  :  Antisepsis  (Lister),  Circula- 
tion (Harvey),  Percussion  (Auenb rugger).  Auscultation  (Laennec),  Anesthesia 
(Morton),    Puerperal  Fever   (Holmes),  Vaccination  (Jenner). 
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Amy's 
Principles  qf  Pharmacy 


Principles  of  Pharmacy.     By  Henry   V.   Arny,    Ph.  G,,  Ph.  D., 

Professor  of  Pharmacy  at  the  Cleveland  School  of  Pharmacy.     Octavo 
of  1 200  page»,  with  250  original  illustrations. 

READY  IN   JUNE 

Professor  Arny  divides  his  subject  into  seven  parts  :  The  first  part  deals  with 
pharmaceutic  processes,  a  striking  feature  being  the  clear  discussion  of  the  arith- 
metic of  pharmacy  ;  the  second  part  deals  with  galenic  preparations  of  the  Phar- 
macopeia and  those  unofficial  preparations  of  proved  value  ;  the  third  part  deals 
with  the  inorganic  chemicals  used  in  pharmacy,  and  includes  also  a  chapter  on 
chemical  theories  and  chemical  arithmetic  ;  the  fourth  part  discusses  the  organic 
chemicals  used  in  pharmacy,  the  most  modern  classification  being  adopted  ;  the 
fifth  part  is  devoted  to  chemical  testing,  presenting  a  systematic  grouping  of  all 
the  tests  of  the  Pharmacopeia — a  feature  not  found  in  any  other  book  ;  the  sixth 
part  discusses  the  prescription  from  the  time  it  is  written  until  it  is  dispensed  ;  the 
seventh  part  is  devoted  to  laboratory  work,  a  feature  being  the  exercises  in  equa- 
tion writing  and  chemical  arithmetic. 


Hatcher  and  Sollinann*s 
Materia  Medica 

A  Text-Book  of  Materia  Medica :  including  Laboratory  Exercises 
in  the  Histologic  and  Chemic  l^xamination  of  Drugs.  By  Robert  A. 
Hatcher,  Ph.  G.,  M.  D.  ;  and  Torald  Sollmann,  M.  D.  i2mo  of 
411  pages.     Flexible  leather,  ^2.00  net. 

Eichhorst*s  Practice 

A  Text-Book  of  the  Practice  of  Medicine.  By  Dr.  H.  Eichhorst, 
University  of  Zurich.  Edited  by  A.  A.  Eshner,  M.  D.  Two  octavos 
of  600  pages  each,  with  1 50  illustrations.     Per  set :  Cloth,  ;$6.oo  net. 
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Sollmann's  Pharmacolo^ 

Including  Therapeutics,  Materia  Medica,  Pharmacy. 
Prescription -writing.  Toxicology,  etc. 


A  Text-Book  of  Pharmacology.  By  Torald  Sollmann,  M.  D., 
Professor  of  Pharmacology  and  Materia  Medica,  Medical  Department 
of  Western  Reserve  University,  Cleveland,  Ohio.  Handsome  octavo 
volume  of  1070  pages,  fully  illustrated.     Cloth,  $4.00  net. 

THE    NEW   (2d)   EDITION 

Because  of  the  radical  alterations  which  have  been  made  in  the  new  (19P5) 
Pharmacopeia,  it  was  found  necessary  to  reset  this  book  entirely.  The  author 
bases  the  study  of  therapeutics  on  a  systematic  knowledge  of  the  nature  and 
properties  of  drugs,  and  thus  brings  out  forcibly  the  intimate  relation  between 
pharmacology  and  practical  medicine. 

J.  F.  FotheringhMn.  M.  D. 

Prof,  of  Therapeutics  and  Theory  and  Practice  of  Prescribing   Trinity  Med.  College,  Toronto. 
"  The  work  certainly  occupies  ground  not  covered  in  so  concise,  useful,  and  scientific  a 
manner  by  any  other  text  I  have  read  on  the  subjects  embraced." 

Butler's   Materia   Medica 

Therapeutics,  and  Pharmacology 


A  Text-Book  of  Materia  Medica,  Therapeutics,  and  Pharmacology. 

By  George  F.  Butler,  Ph.  G.,  M.  D.,  Professor  and  Head  of  the 
Department  of  Therapeutics  and  Professor  of  Preventive  and  Clinical 
Medicine,  Chicago  College  of  Medicine  and  Surgery,  Medical  Depart- 
ment Valparaiso  University.  Octavo  of  702  pages,  illustrated.  Cloth, 
^4.CX)  net ;  Half  Morocco,  ^5.50  net 

RECENTLY     ISSUED— NEW    (6th)    EDITION 

For  this  sixth  edition  Dr.  Butler  has  entirely  remodeled  his  work,  a  great  part 
having  been  rewritten.  All  obsolete  matter  has  been  eliminated,  and  special  atten- 
tion has  been  given  to  the  toxicologic  and  therapeutic  effects  of  the  newer  com- 
pounds. The  classification  adopted  is  a  practical  one,  aiding  the  student  in  grasp- 
ing the  subject,  and  the  practitioner  in  finding  the  information  sought. 

Medical  Record,  New  York 

"  Nothing  has  been  omitted  by  the  author  which,  in  his  judgment,  would  add  to  the  com- 
pleteness of  the  text,  and  the  student  or  general  reader  is  given  the  benefit  of  latest  advices 
bearing  upon  the  value  of  drugs  and  remedies  considered." 
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Thornton's   Dose-Book 

Dose-Book  and  Manual  of  Prescription-Writing.  By  E.  Q.  Thorn- 
ton, M.  D.,  Assistant  Professor  of  Materia  Medica,  Jefferson  Medical 
College,  Phila.  Post-octavo,  392  pages,  illustrated.  Flexible  Leather, 
$2.00  net. 

The    New  (3d)   Edition 

Dr.  Thornton,  in  making  this  revision,  has  brought  his  book  in  accord  with 
the  new  (1905)  Pharmacopeia.  Throughout  the  entire  work  numerous  references 
have  been  introduced  to  the  newer  curative  sera,  organic  extracts,  synthetic  com- 
pounds, and  vegetable  drugs.  To  the  Appendix,  chapters  upon  Synonyms  and 
Poisons  and  their  antidotes  have  been  added,  thus  increasing  its  value  as  a  book 
of  reference. 

C.  H.  Miller,  M.  D.. 

Professor  of  Pharmacology,  Northwestern  University  Medical  School,  Chicago. 

"  I  will  be  able  to  make  considerable  use  of  that  part  of  its  contents  relating  to  the  correct 
terminology  as  used  in  prescription-writing,  and  it  will  afford  me  much  pleasure  to  recommend 
the  book  to  my  classes,  who  often  fail  to  find  this  information  in  their  other  text-books." 


Lusk  on  Nutrition 

Elements  of  the  Science  of  Nutrition.  By  Graham  Lusk,  Ph.D., 
Professor  of  Physiology  in  Cornell  University  Medical  School.  Octavo 
of  325  pages.  Cloth,  $2.50  net. 

This  practical  work  deals  with  the  subject  of  nutrition  from  a  scientific  stand- 
point, and  will  be  useful  to  the  dietitian  as  well  as  the  clinical  physician.  There 
are  special  chapters  on  the  metabolism  of  diabetes  and  fever,  and  on  purin  metab- 
olism. 

Lewellys  F.  Barker.  M.D., 

Professor  of  the  Principles  and  Practice  of  Medicine,  Johns  Hopkins  University. 
"  I  shall  recommend  it  highly.       It  is  a  comfort  to  have  such  a  discussion  of  the  subject." 


Mathews*  How  to  Succeed  in  Practice 

How  to  Succeed  in  the  Practice  of  Medicine.  By  Joseph  M. 
Mathews,  M.D.,  LL.D.,  President  American  Medical  Association, 
1898-99.     i2mo  of  215  pages,  illustrated.     Cloth,  jSi.50  net. 
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The  American  Pocket  Medical  Dictionary.  ^^u,tSy 

The  American  Pocket  Medical  Dictionary.  Edited  by  W.  A.  Newman  Dor- 
land,  M.  D.,  Assistant  Obstetrician  to  the  Hospital  of  the  University  of  Pennsylvania 
Containing  the  pronunciation  and  definition  of  the  principal  words  used  ir  medicine 
and  kindred  sciences,  with  64  extensive  tables.  Flexible  leather,  with  gold  edees 
*l. CO  net;  with  thumb  index,  ;S!l. 25  net.  »>  &    » 

M^carCM^^TphtlLTpMT.''^^^^^^  reserve."-J.  H.  Holland.  M.  D.,  ./  tk.  Jeff.rson 

Pusey  and  Caldwell  on  X-Rays  second  Edition 

The  Practical  Application  of  the  Rontgen  Rays  in  Therapeutics  and 
Diagnosis.  By  William  Allen  Pusey,  A.  M.,  M.  D.,  Professor  of  Dermatology  in 
the  University  of  Illinois ;  and  Eugene  W.  Caldwell,  B.  S.,  Director  of  the  Edward 
N.  Gibbs  X-Ray  Memorial  Laboratory  of  the  University  and  Bellevue  Hospital  Medical 
College,  New  York.  Octavo  of  625  pages,  with  200  illustrations.  Cloth,  jSs.oo  net: 
Half  Morocco,  I6.50  net. 

"  It  is  indispensable  to  those  who  use  the  X-rays  as  a  therapeutic  agent ;  and  its  illustrations  are  so 
numerous  .  .  .  that  it  becomes  valuable  to  every  one."— ^<;j/^«  iWt-rf/ca/ a«^  .Sar^Va/y^arwa/. 

Cohen  and   Eshner's   Diagnosis.      Second  Revised  Edition 

EssENTiAi^  OF  Diagnosis.  By  S.  Solis-Cohen,  M.  D.,  Senior  Assistant  Professor 
in  Clinical  Medicine,  Jefferson  Medical  College,  Phila.  ;  and  A.  A.  Eshner,  M.  D., 
Professor  of  Clinical  Medicine,  Philadelphia  Polyclinic.  Post-octavo,  382  pages  ;  55 
illustrations.     Cloth,  ;Ji. 00  net.     In  Saunders'  Question- Commend  Series. 

"  Concise  in  the  treatment  of  subject,  terse  in  expression  of  fact." — American  Journal  of  the 
Medical  Sciences. 

Morris'  Materia  Medica  and  Therapeutics.  New  (7th)  Edition 

Essentials  of  Materia  Medica,  Therapeutics,  and  Prescription-Writing. 
By  Henry  Morris,  M.  D.,  late  Demonstrator  of  Therapeutics,  Jefferson  Medical 
College,  Phila.  Revised  by  W.  A.  Bastedo,  M.  D.,  Instructor  in  Materia  Medica  and 
Pharmacology  at  Columbia  University.  1 2mo,  300  pages.  Cloth,  i^i.oo  net.  In  Saunders' 
Question-  Compend  Series. 

"  Cannot  fail  to  impress  the  mind  and  instinct  in  a  lasting  manner. " — Buffalo  Medical  Journal. 

Williams'  Practice  of  Medicine 

Essentials  of  the  Practice  of  Medicine.  By  W.  R,  Williams,  M.D., 
formerly  Instructor  in  Medicine  and  Lecturer  on  Hygiene,  Cornell  University  ;  and 
Tutor  in  Therapeutics,  Columbia  University,  N.  Y.  i2mo  of  456  pages,  illustrated. 
In  Saunders^  Question-Contpend  Series.     Double  number,  J>i.7S  net. 

Stoney's  Materia  Medica  for  Nurses  ^ew  (3rd)  Edition 

Materia  Medica  for  Nurses.  By  Emily  A.  M.  Stoney,  Superintendent  of  the 
Training  School  for  Nurses  at  the  Carney  Hospital,  South  Boston,  Mass.  Handsome 
i2mo  volume  of  300  pages.     Cloth,  $1.50  net. 

"It  contains  about  everything  that  a  nurse  ought  to  know  in  regard  to  Arug^."— Journal  of  the 
American  Medical  Association. 

Grafstrom's  Mechano-therapy  second  Edition.  Enlarged 

A  Text-Book  of  Mechano-therapy  (Massage  and  Medical  Gymnastics).  By 
Axel  V.  Grafstrom,  B.  Sc,  M.  D.,  Attending  Physician  to  Augustus  Adolphus  Orphan- 
age, Jamestown,  N.  Y.     lamo,  200  pages,  illustrated.     JSi.as  net. 

Bridge  on  Tuberculosis 

Tuberculosis.  By  Norman  Bridge,  A.  M.,  M.  D.,  Emeritus  Professor  of  Medicine 
in  Rush  Medical  College.     i2mo  of  302  pages,  illustrated.    Cloth,  $1.50  net. 
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Jakob  and  Eshner's  Internal  Medicine  and  Diagnosis 

Atlas  awu  Epitome  of  Internal  Medicine  and  Clinical  Diagnosis.  By  Dr. 
Chr.  Jakob,  of  Erlangen.  Edited,  with  additions,  by  A.  A.  Eshner,  M.  D.,  Pro- 
fessor of  Clinical  Medicine,  Philadelphia  Polyclinic.  With  182  colored  figures  on 
68  plates,  64  text-illustrations,  259  pages  of  text.  Cloth,  #3.00  net.  In  Sounder^ 
Hand-Atlas  Series. 

"  Can  be  recommended   unhesitatingly  to  the  practicing  physician   no   less  than  to  the  student." 

Bulieiin  0/  Johns  Hopkins  Hospital. 

Lockwood-s  Practice  of  Medicine.  R^.'Jd'l.Fi'Sr^ed 

A  Manual  of  the  Practice  of  Medicine.  By  Geo.  Roe  Lockwood,  M.  D., 
Attending  Physician  to  the  Bellevue  Hospital,  New  York  City.  Octavo,  847  pages, 
with  79  illustrations  in  the  text  and  22  full-page  plates.     Cloth,  ;^4.oo  net. 

Barton  and  Wells'  Medical  Thesaurus 

A  Thesaurus  of  Medical  Words  and  Phrases.  By  W.  M.  Barton,  M.  D.,  and 
W.  A.  Wells,  M.  D.,  of  Georgetown  University,  Washington,  D.  C.  i2mo  of  535 
pages.     Flexible  leather,  $2.50  net;  thumb  indexed,  $2,-oo  net. 

Jelliffe's  Pharmacognosy 

An  Introduction  to  Pharmacognosy.  By  Smith  Ely  Jelliffe,  Ph.  D.,  M.  D., 
of  Columbia  University.     Octavo,  illustrated.     Cloth,  ^2.50  net. 

Stevens'  Practice  of  Medicine  New  (8th)  Edition 

A  Manual  of  the  Practice  of  Medicine.     By  A.  A.  Stevens,  A.  M.,  M.  D., 

Professor  of   Pathology,   Woman's   Medical   College,    Phila.  Specially  intended  for 

students  preparing  for  graduation  and   hospital  examinations.  Post-octavo,  556  pages, 
illustrated.      Flexible  leather,  #2.50   net. 

Paul's  Materia  Medica  for  Nurses 

Materia  Medica  for  Nurses.  By  George  P.  Paul,  M.  D.,  Assistant  Visiting 
Physician  and  Adjunct  Radiographer  to  the  Samaritan  Hospital,  Troy,  N.  Y.  i2mo  of 
240  pages.  Cloth,  ^^1.50  net. 

Saunders'    Pocket   Formulary  Recently  issued— New  (9th)  Edition 

Saunders'  Pocket  Medical  Formulary.  By  William  M.  Powell,  M.  D. 
Containing  1831  formulas  from  the  best-known  authorities.  With  an  Appendix  con- 
taining Posologic  Table,  Formulas  and  Doses  for  Hypodermic  Medication,  Poisons  and 
their  Antidotes,  Diameters  of  the  Female  Pelvis  and  Fetal  Head,  Obstetrical  Table, 
Diet-list,  Materials  and  Drugs  used  in  Antiseptic  Surgery,  Treatment  of  Asphyxia  from 
Drowning,  Surgical  Remembrancer,  Tables  of  Incompatibles,  Eruptive  Fevers,  etc., 
etc.     In  flexible  leather,  with  side  index,  wallet,  and  flap,  ^1.75  net. 

Gould  and  Pyle's  Curiosities  of  Medicine 

Anomalies  and  Curiosities  of  Medicine.  By  George  M.  Gould,  M.  D.,  and 
Walter  L.  Pyle,  M.  D.  An  encyclopedic  collection  of  rare  and  extraordinary  cases 
and  of  the  most  striking  instances  of  abnormality  in  all  branches  of  Medicine  and  Sur- 
gery, derived  from  an  exhaustive  research  of  medical  literature  from  its  origin  to  the 
present  day.  Octavo  of  968  pages,  295  engravings,  and  12  full-page  plates.  C'oth, 
^3.00  net ;  Half  Morocco,  ^^4.50  net. 
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